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internatiOnal cOnference - climate change imPactS On Water reSOurceS



cOnference gOalS

the cOnference tOPicS Will addreSS 

intrOductiOn

The impacts of weather variability and climatic change on water resources management are many and complex. 
Compounded by overexploitation of water resources, population growth, industrialization, urbanization and 
pollution, they generate immense pressures on water resources. Additionally, socioeconomic changes are 
contributing prominently to the complexity of contemporary water resources management. As a result, the 
challenges to meet demand in water resources are increasing in many countries around the world. Contemporary 
water resources management has to consider pressures, impacts and global challenges, given that they influence 
all aspects of society and economy, and to combine sustainable and adaptive measures and practices to combat 
complex issues.

Diverse procedures and analyses comprise climate change research, e.g. different statistical methods for observed 
data, global circulation models, etc. The magnitudes of changes in hydrometeorological parameters are evaluated 
for annual, seasonal, monthly and daily data at regional, national and local levels. The results are utilized for a 
better understanding of climate change impacts on water resources and recommendations for various adaption 
measures, both technical and non-technical. 

Climate and global change impacts on water resources impel human society to act at all levels that would result 
in knowledge increase and update among experts, reinforced encouragement for the application of different 
research methodologies through North-South cooperation, improvement of forecast accuracy, support for policy 
development and capacity building.  

The IC will contribute to the UNESCO IHP Eighth Phase: Water Security: Responses to Local, Regional and 
Global Challenges.

1. Climate Change (CC) and Global Changes (GC): factors that cause them, observed changes and predictions; 

2. Impact of GC on Water Resources (WR) - observed changes and different prediction methodologies  (importance 
of data quality, cooperation and monitoring; impact of different factors on river discharges and trends e.g.: CC in 
meteorological data, various human activities and influences on water resources, land use changes, etc.);

3.Water scarcity (water use and agriculture under the GC; adaptation measures for water management; frameworks 
and policies);

4. WR management under the GC conditions (regional and transboundary river basin management; floods; role of 
ecosystem services, etc.).

1. Increase and update of knowledge among experts dealing with above mentioned topics and support and promotion 
for the application of different CC and GC research methodologies through North-South cooperation;

2. Establish new opportunities to reinforce scientific and business opportunities with respect to different 
methodologies within the SEE region and beyond;

3. Improve forecast accuracy for average annual changes in climatic parameters and water resources in the near 
future, and advance confidence in extreme weather predictions in hydrometeorological variables and  resulting 
changes in water resources in the near future; 

4. Revise different possibilities and solutions to combat CC and GC challenges to water resources management 
in  the near future and awareness raising among the general public and professionals on potential CC adaptation 
measures, and communicate information on CC and GC through North-South cooperation among different 
stakeholders;

5. Address the importance of policy development and capacity building for CC and GC adaptation measures.
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Why iS the current glObal Warming taking Place, and hOW 
can We fOreSee What might be exPected?

Fedor Mesinger

Serbian Academy of Sciences and Arts
E-mail: fedor.mesinger@sanu.ac.rs

Introduction

In the past nine years Serbian Academy of Sciences and Arts has organized two international symposia, 
supported by UNESCO, commemorating anniversary of the birth of Milutin Milankovitch, in 1879. To 
continue this series, it is planning a third one in 2014. Its provisional title, proposed by André Berger, is “Past 
climate, a lesson for the future.” As pointed out by Hansen and Sato (2012), there are three ways we gather 
information on what is going on with the climate of our planet: observations, numerical modeling, and studies 
of paleoclimate. Of the three, when it comes to looking into the future, the third one is the most revealing. It 
will thus receive considerable emphasis in this review presentation. It is now more than 150 years ago that 
Irish born John Tyndall, partly due to his interest in Alpine climate, came up with first hints that composition of 
our atmosphere might be responsible for the Earth’s past climates. Measuring the absorption abilities of water 
vapor and carbon dioxide, to his surprise he found out that in the infrared they were very much greater than in 
the visible region of the spectrum. It could be that even a minute changes in the composition of these gasses 
could be responsible for climate changes that geologists talk about, he conjectured.

Thirty and some years after Tyndall published his absorption results, Swedish chemist Svante Arrhenius 
embarked on very time-consuming calculations of atmospheric temperature change under the assumption of 
the doubling of the atmospheric CO2. Obtaining an increase of near-surface temperatures of 5-6°C, he felt that 
in the distant future – especially in colder regions – people will be blessed with a gentler climate than they 
were at his time.

Demonstrating an increase in global land temperatures in 50 years prior to 1938, English engineer Guy 
Callendar collected some actual measurements of the content of atmospheric CO2, finding out that it may have 
increased by about 10% during the 100 years prior to that time. He concluded that this CO2 increase might 
well have caused the temperature increases he found took place. Today it is considered that this increase was 
primarily due to reduced volcanic activity during the 50 years of his temperature analysis.

Global warming that is taking place, with some “plateaus” or maybe not so, increase in CO2 and changes in 
the concentrations of other important “greenhouse gasses” (GHGs), are today of course well documented 
and receiving a lot of attention not only of the scientists involved but of the general public as well. Terms 
like “climate alarmists,” and “climate skeptics” or “climate contrarians” are used in op ed pieces of major 
newspapers and various internet blogs. As I am writing these words a summary of the new report from the 
United Nations panel, Intergovernmental Panel on Climate Change (IPCC) has just been officially accepted 
and released. In the following I will attempt to summarize the most relevant information and issues involved, 
roughly in the order of the three avenues of collecting information listed above: analyses of observations, 
results of numerical modeling, and inferences from paleoclimate. I will continue with a few results available 
pertaining specifically to water resources prospects in the region of our symposium, south-eastern Europe and 
Mediterranean. I will end with comments on outlook we face for the climate of our planet, and most recent 
IPCC assessments to the extent available to me.

Earth climate system

Due to its steady release of greenhouse gasses, primarily carbon dioxide, humanity is today the dominant force 
affecting the changes of Earth’s climate (IPCC 2007, Hansen et al. 2013). Measurements of the atmospheric 
concentration of carbon dioxide, started by Charles Keeling in 1958, show a steady increase of about 2 ppm 
(parts per million) per year, Fig. 2.1.
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Figure 2.1: Atmospheric concentration of carbon dioxide according to the measurements at Mauna Loa, 
Hawaii, by Scripps Institution of Oceanography. The plot is known as “the Keeling curve.”

Compared to preindustrial values of about 280 ppm, an increase of more than 40% has taken place. Burning 
of fossil fuels, primarily of coal, is the main reason for the steady increase in the concentration of carbon 
dioxide seen in the figure. In spite of various international treaties and resolutions, and some serious efforts of 
individual countries, no reduction in the overall humanity’s release of carbon dioxide is in sight.

As to the global temperature changes taking place at the same time, results of more than one center are available. 
Perhaps most frequently looked at are those of the NASA Goddard Institute for Space Studies (GISS) in New 
York. Plot of their yearly values as of 1880 until the last year, 2012, is shown in Fig. 2.2. Reasons for some of 
the features of the plot are well understood, while yet others are poorly understood if at all, and are the subjects 
of intense interest and research. Prominent year to year fluctuations are for the most part due to the El Niño 
or La Niña dominance in some of the years; the former one being significantly warmer than average water 
along a band stretching from the equatorial easternmost Pacific westward, the latter the opposite. One or the 
other situation lasts a considerable part of a year or longer, with a variety of worldwide impacts on weather 
and climate. The minimum in 1992 followed by a similarly low value next year is due to the eruption of mount 
Pinatubo in June 1991, that injected vast amounts of aerosols into the stratosphere.

Figure 2.2: Line plot of global annual-mean surface air temperature change, with the base period 1951-1980, 
derived from the meteorological station network. Uncertainty bars (95% confidence limits) shown for both 
the annual and five-year means, account for incomplete spatial sampling of data. From http://data.giss.nasa.

gov/gistemp/.
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Reasons for a reduction in the warming during the last decade or so are not well established. The leading 
explanation seems to be that the Pacific ocean circulation was such as to reduce the warming that otherwise 
would have happened. Increased pollution is being considered as another possible factor.

Another type of observational effort in the center of attention is the monitoring of the size of the Arctic ice 
sheet. Along with year to year fluctuations it shows a steady decline so that speculations and actual forecasts 
abound as to when the Arctic might be completely ice-free at the end of the northern summer, in September. 
The North West Passage was for the first time in known history ice-free in 2007. Still considerably lower total 
Arctic ice coverage occurred last year, in 2012. This tendency for the declining Arctic ice cover is illustrated in
Fig. 2.3, showing the average Arctic sea-ice area as a function of time for the decades of the eighties, the 
nineties, and the two-thousands, along with those of the three years of the lowest summer minima, 2012, 2007, 
and 2011, and finally the 2013 to the extent available at the time of this writing.

Needless to say, melting of Arctic ice is not limited to the ocean ice cover, but is taking place over Greenland as 
well. There are gravitational field measurements that show clear tendencies for the loss of both the Greenland 
and the Antarctic ice mass during the first decade of this century (e.g., Fig. 8 of Hansen and Sato 2012). While 
melting of ocean ice cover will not increase the sea level, melting of the continental ice will. Warming of the
ocean water increases the sea level also. Thus, changes in sea level is yet another very important phenomenon 
related to global warming that is taking place. Current rates of the increase in sea level are on the order of 35 
cm per century; but there is every reason to expect that this rate will accelerate. News of the just approved at 
the time of this writing of the summary of 2013 IPCC are that with the release of carbon dioxide as goes on at 
present an increase of the global sea level on the order of 1 m by the end of the century is possible. This
clearly is a matter of serious concern. There is a lot of ice on Greenland and Antarctica; and once carbon dioxide 
is released into the atmosphere, its natural residence time is long; more than half a century. The fastest removal 
mechanism, absorption by the oceans, has a serious downside of acidification of the oceans – detrimental for 
the ocean life we are used to and to a large extent depend on.

Figure 2.3: Average Arctic sea-ice cover as a function of time for the decades of the eighties, the nineties, and 
the two-thousands, along with those of 2012, 2007, and 2011, and 2013 to the extent available at the time of 
this writing. According to the International Arctic Research Center in cooperation with the Japan Aerospace 

Exploration Agency (JAXA, http://www.ijis.iarc.uaf.edu/en/index.htm).

With the observational evidence of the preceding two figures leaving little doubt that the planet is undergoing 
a considerable warming trend, the important question is how certain one can be that the warming is indeed 
primarily caused by the ongoing increase in carbon dioxide. The Arrhenius’ calculations can nowadays be 
redone quickly and accurately. If only carbon dioxide is considered doubled, with no impact on water vapor, 
one obtains a warming of about 1.2°C (Hansen et al. 2012, and references therein). But this of course is only 
the beginning of the story. With higher temperatures more water vapor should get into the atmosphere; and 
increased water vapor is a powerful positive feedback, resulting in increased warming. But how much more 
water vapor should one expect is not straightforward to estimate. Clouds will also change, and more and more 
processes become involved.
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Variables conveniently used in this area are referred to as climate forcing, and Earth’s climate sensitivity. 
Climate forcing, F, is an imposed perturbation, measured at the surface, of Earth’s energy balance. At present 
Earth absorbs about 240 W/m2 of solar energy averaged over its surface. If the atmospheric content of CO2 
were to be doubled, additional radiation received at the surface would be about 4 W/m2. With this or another 
forcing persisting for a very long time, Earth would eventually arrive to a new energy balance with a global 
surface temperature change ΔTeq in response to the imposed forcing. Climate sensitivity, S, is the equilibrium 
temperature change per unit forcing,

S = ΔTeq / F                          (1)

With the Earth climate system being exceedingly complex, involving not just the atmosphere and oceans 
but also ice cover, land surface with changing vegetation, and more, estimating climate sensitivity is not 
straightforward. It was at the dawn of the development of climate models, based on physical laws that govern 
the dynamics of the atmosphere, oceans, and numerical algorithms to the extent we manage to put them 
together for the description of other components of the Earth’s climate system, ice sheets, land surface, etc., at
the end of the seventies, 1979, that for the first time climate models have been used to estimate climate 
sensitivity. For the assumed doubling of atmospheric CO2 the two models available at the time gave drastically 
different results, increases of 1.5 and 4.5°C. Thus, corresponding estimate of climate sensitivity would be 3 ± 
1.5°C. 

As the climate models kept being improved over the years this large level of uncertainty did not change much. 
The 2007 IPCC report had a somewhat higher value of the lower limit of the above sensitivity range, of 2°C. 
The 2013 report moved back to the previous lower limit, of 1.5°C.

While maybe puzzling, this should not be taken as an indication of little progress in the skill of climate models. 
An indication of the improvements achieved is a comparison of climate models’ forecast of the yearly minimal 
coverage of the Arctic sea ice, prepared ahead of the 2007 IPCC report, and those prepared ahead of the 
present one. While the forecasts that went into the 2007 report showed a much slower reduction of the ice area 
with time than what actually happened, the more recent forecasts prepared ahead of this year’s report are in 
considerably better agreement with observations (Stroeve at al., 2012).

One should emphasize that running climate models it is essentially only possible to account for so called fast 
feedbacks that occur in response to global temperature change. In addition to water vapor, and clouds, mentioned 
already, they include aerosols, snow cover, and sea ice. Slow feedbacks respond to global temperature change 
at a much longer time scale: decades, centuries, millennia, and more. It takes on the order of a thousand years 
for the ocean to achieve equilibrium with increased atmospheric temperature. As the continental ice disappears 
albedo of the surface increases. GHGs are released from warming oceans and soils; not only CO2 but also CH4 
and N2O.

Thus, in spite of the improvements in the skill of climate models, one needs to recognize that they involve 
limitations, and will always do so. Some of the feedback processes are not well understood, and still others 
as said above are next to impossible to include to any meaningful degree of accuracy. As a result, even the 
primary role of the increased content of CO2 in driving the warming illustrated in Figs. 2.2 and 2.3 not all have 
found convincing. Fortunately, paleoclimate record provides a rich source of additional information on the
actual Earth climate sensitivity, with all processes included.

To elucidate some of the findings, in Fig. 2.4 the history if the Earth climate during the Cenozoic, the last 65.5 
million years, is summarized. Most of the information used to construct the plots shown comes from oxygen 
isotope ratio, δ18O relative to δ16O, in the shells of deep-ocean-dwelling microscopic animals, foraminifera, 
found in ocean sediment cores. There is a long history of research on the relationship of δ18O to ocean 
temperature, and global ice volume if in existence, starting already in the late forties; see, among others, Imbrie
and Imbrie (1979), and Hansen et al. (2013). Information for more recent times is particularly comprehensive 
and accurate for the last 800,000 years, for which data on atmospheric composition are available from air 
bubbles trapped in the Antarctic ice cores.
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As perhaps the main feature of the plots one can point out a fairly steady general cooling of the Earth since 
about 50 million years ago (Mya). A prominent warming trend prior to that time, as of about 58 Mya, is also 
conspicuous, with several “hyperthermals” embedded within the second half of that period. It is generally 
accepted that this prolonged warming was caused by the northward movement of the present Indian subcontinent, 
in the process subducting carbonate-rich ocean crust prior to its collision with Asia. It is estimated that levels 
of atmospheric CO2 reached at the time were of the order of 1000 ppm (Hansen et al., 2013). Hyperthermals, 
in particular the most prominent PETM, are on the other hand associated with large temporary increases of 
atmospheric CO2.

Figure 2.4: Estimated global deep ocean temperature during the Cenozoic Era, upper panel, (a). The latest 
5.33 million years, Pliocene/Pleistocene, are expanded in the middle panel, (b); and the last half million 
years in the lower panel, (c). High-frequency variations (black) are 5-point running means of the original 
data, while red and blue curves are half million year averages. PETM is the Paleocene–Eocene Thermal 
Maximum. Blue bars indicate ice sheet presence, with dark blue showing ice sheets near full size. (From 

Hansen and Sato, 2012, © Springer).
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The content of atmospheric CO2 reduced to only 170 ppm during recent ice ages. This change from 1000 to 
170 ppm as can be readily computed amounts to more than 10 W/m2 of climate forcing. No other source of 
Cenozoic climate forcing has been identified that even comes close to that value. Milankovitch astronomical 
oscillations are associated with global and annual mean perturbations of less than ±0.25 W/m2 of forcing. 
Position and shape of  continents changed on the time scale of Cenozoic, but the change is estimated to have
resulted in at most 1 W/m2 change in forcing. Our Sun is a young star so that its radiation intensity is slowly 
increasing with time. During the Cenozoic it is considered to have increased by about 0.4%. This is also about 
1 W/m2 change in forcing; but of the wrong sign to contribute to the long term cooling of the Earth. Thus, 
carbon dioxide is the only known forcing able to explain the quite considerable cooling of the Earth seen in the 
figure, of about 14°C from the PETM maximum to minima of the recent ice ages.

Critical issues to elucidate from paleoclimate data are those of the Earth climate sensitivity with all fast 
feedbacks correctly included, Sff, and sea level changes one should expect as the Earth is warming. For the 
former, it is necessary to use data from periods when the Earth climate system was approximately in equilibrium 
for several millennia. Using mostly data from peak periods of the last glacial maximum (LGM), and the current 
warm period, Holocene, but prior to the past century, Hansen and Sato estimate

Sff = 0.75 ± 0.125°C per W/m2,           (2)

equivalent to 3 ± 0.5°C for doubling of CO2. Hopefully, the sensitivity with slow feedbacks included as well 
should not be of immediate practical concern. Hansen and Sato find that it is about double the value above; but 
different for positive and for negative forcing.

As to the estimate of the dangerous levels of warming when it comes to the increase in sea level, crucial 
information comes from studies of sea level changes during the warm period called Eemian, preceding the 
current one. A very large number of studies is available. Hansen and Sato estimate that the global mean 
temperatures in the Eemian, and Holsteinian, the very warm interglacial at about 400,000 years ago, were less 
than 1°C higher than today. With the global CO2 release showing no signs of slowing any time soon, doubling 
the atmospheric CO2 content and additional global temperature increases of more than 1°C seem only a matter 
of time. Various geological evidence points to sea levels 4-6 m, and as much as about 10 m higher than today 
at the Eemian time.

The crucial additional information needed of course is how fast this sea level increase will likely be taking 
place. The usual reference value argued about is what sea level increases might be expected by the end of the 
century. The 2007 IPCC report was projecting a value of only in the range of 18-59 cm; but with no account 
for ice sheet dynamics, with explanation that it is not understood enough. The 2013 report foresees the value 
of the order of a meter. Many published papers however suggest the possibility of a higher value.

Water resources

What should one expect to be the changes in water resources is of course a crucial aspect of global warming. 
Based on both observations and numerical integrations, what is taking place might be described as a movement 
of climatic regions poleward; and an increased frequency and also the intensity of extreme events. To this, 
regional differences need to be added, and to that purpose in many experiments regional climate models are 
used, driven by LBCs of global climate integrations.

For more specific information, I will refer to several results pertaining to the region of the conference. Djurdjević 
and Rajković (Ђурђевић and Рајковић 2009) ran the Eta atmospheric model coupled to the Princeton Ocean 
Model (POM) for the last 30 years of the present century. Reduced precipitation amounts were projected over 
southern Europe in both the winter and summer seasons. Over Serbia reductions compared to the last 30 years 
of the last century amounted to about 20% in both seasons. For the summer season still greater reductions were 
projected for the regions further west, such as France and Italy, up to 30 to 50% (see also http://www.seevccc.
rs/?p=347).
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Results of a multi-model study of the change projected to occur in Mediterranean region, including southern 
and central Europe, have recently been published (Gualdi et al., 2013). In Fig. 3.1 trends obtained for the first 
half of the current century are shown, in the right panels; compared to trends of the last half of the previous 
century, left panels. Over the southern Europe: Iberian Peninsula, Italy, and Balkans, considerable reduction 
in summer precipitation is seen to be projected. Needless to say, this does not bode well for the agricultural 
production in the regions involved, an essential component of the economy of southern Europe.

Figure 3.1: Multi-model precipitation trends for the last half of the previous century, left panels, and 
projected trends for the first half of this century, right panels. Winter months (DJF), upper panels, summer 

months (JJA), lower panels. Contours are (mm/month)/decade. Shading indicates areas where the trends are 
statistically significant at the 80% level, according to Mann-Kendall trend test. (From Gualdi et al., 2013, © 

Springer).

IPCC 2013 report and concluding comments

The summary of the 2013 IPCC report just out some days prior to my writing this, includes a number of 
statements that emphasize the seriousness of the situation the humanity is facing. For the first time the panel 
formally accepted a limit for the humanity’s carbon emissions, which if exceeded would result in the increase 
in planet’s mean temperature beyond 2°C. This value is generally considered as the highest acceptable value
for the planet to still enable life for the humanity more or less as the one we are used to.

About half of that carbon amount has already been burned and released into the atmosphere; and at the rate 
emissions are taking place it will only be about three more decades, about 2040, that this limit, a trillion tons, 
will have been reached. The problem is that there are several times as much fossil fuels still left in the ground. 
And that the energy production via the burning of coal is considerably cheaper than alternative sustainable
sources, wind and solar. To this one can add the widespread fear of the use of nuclear power. Hydroelectric 
power looks of course very attractive, but simple calculations show that looking at the situation worldwide the 
limit due to the precipitation amounts available does not leave much room for increases that will be needed.
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The report summary does state clearly that the “Warming of climate system is unequivocal” and that “Each 
of the last three decades has been successively warmer at the Earth’s surface than any preceding decade since 
1850.” It includes a lot of specific information on the warming of the upper layers of the oceans, the rates of 
the ice loss of Greenland and Antarctic ice sheets, etc. etc.. It warns that “Most aspects of climate change will 
persist for many centuries even if emissions of CO2 are stopped.” And that “Limiting climate change will 
require substantial and sustained reductions of greenhouse gas emissions.”

Strange as it may seem, the general public’s and individual people’s beliefs in the need to do the utmost we can 
to limit the burning of today’s most climate-damaging fossil fuel, coal, is in western societies highly politicized. 
IPCC gets severely attacked by right-wing organizations and groups as being “alarmist”, and “against jobs.” 
In less developed counties it is of course hard to expect increased use of more expensive sources of energy. 
“Expensive” written here refers only to the cost of production; cost in damage to people’s health is not easily 
visible and thus usually is not taken into account. One hope is that the pollution occurring as a result in some 
of the places, particularly China, could become an important incentive for more intensive movement towards 
the development of ways of energy production that involve no or less emission of carbon than the traditional 
coal-burning power plants.

References

1. Đurđević V. and B. Rajković, 2009, Neki rezultati iz SNTA projekta: Promene klime prema IPCC scenariju 
A1B i njihovo dinamičko skaliranje za mediteranski region. In: Stvaralaštvo Milutina Milankovića, Srpska 
akademija nauka i umetnost (Serbian Academy of Sciences and Arts), Beograd 99–106.

2. Gualdi, S., et al., 2013: Future climate projections. Chapter 2, in Regional Assessment of Climate Change 
in the Mediterranean. Vol. 1: Air, Sea and Precipitation and Water, A. Navarra and L. Tubiana, Eds, 
Springer, x+310 pp.

3. Hansen, J. E., and M. Sato, 2012: Paleoclimate implications for human-made climate change. In “Climate 
Change: Inferences from Paleoclimate and Regional Aspects,” Ed. by A. Berger, F. Mesinger, and Dj. 
Šijački, Springer, 21-47 (doi:10.1007/978-3-7091-0973-1_2).

4. Hansen J, M. Sato, G. Russell, P. Kharecha, 2013: Climate sensitivity, sea level, and atmospheric CO2, 
submitted to Phil. Trans. Roy. Soc., near-final preprint available at arXiv:1211.4846v2. 

5. Imbrie, J., and K. P. Imbrie, 1979: Ice Ages, Solving the Mystery. Enslow Publishers, 224 pp. 2nd Edition, 
Harvard Univ. Press, 1986. Translation to Serbian: Ledena doba: rešenje tajne, Beograd, Nolit, 1981.

6. IPCC (Intergovernmental Panel on Climate Change), 2007: Climate Change 2007: The Physical Science 
Basis. Solomon, S., et al., Eds., Cambridge University Press, 996 pp.

7. Stroeve, J. C.,V. Kattsov, A. Barrett, M. Serreze, T. Pavlova, M. Holland, and W. N. Meier, 2012: 
Trends in Arctic sea ice extent from CMIP5, CMIP3 and observations, Geophys. Res. Lett., 39, L16502 
(doi:10.1029/2012GL052676).

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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aSSeSSment Of climate change imPact On Water reSOurceS 
and hOW tO adaPt

Prof. Dr. Siegfried Demuth

Chief Hydrological Systems and Global Change Section
Division of Water Sciences
Natural Sciences Sector
UNESCO

The impacts of climate change - including changes in temperature, precipitation and sea levels - are expected 
to have varying consequences for the availability of freshwater around the world. Changes in river runoff 
will affect the yields of rivers and reservoirs, and the recharging of groundwater. Climate change affects 
groundwater recharge rates (e.g. the renewable groundwater resources) and depths of groundwater tables. An 
increase in the rate of evaporation will also affect water supplies and contribute to the salinisation of irrigated 
agricultural lands. Higher temperatures and decreased precipitation would lead to decreased water-supplies 
and increased water demands; they might cause deterioration in the quality of freshwater bodies, putting strains 
on the already fragile balance between supply and demand in many countries. Even where precipitation might 
increase, there is no guarantee that it would occur at the time of the year when it could be used; in addition, 
there might be a likelihood of increased flooding. In contrary lack of precipitation will lead to droughts. The 
intensification of the hydrological cycle will lead to more frequent and severe droughts or floods. 

Any rise in sea level will often cause the intrusion of salt water into estuaries, small islands and coastal aquifers 
and the flooding of low-lying coastal areas; this puts low-lying countries at great risk. Flood processes are 
influenced by a variety of climatic and non-climatic processes resulting in river floods, flash floods, urban floods, 
glacial lake outburst floods and coastal floods. Many major rivers (e.g., the Po, Rhine, Loire and Danube) were 
at record low levels during the past decade, resulting in disruption of inland navigation, irrigation and power 
plant cooling. All studies on soil erosion show that the expected increase in rainfall intensity would lead to 
greater rates of erosion, and as a result many individual rivers show clear evidence of increasing or decreasing 
sediment loads, which will have an impact on reservoirs and energy production. Furthermore the impact of 
human activity in both increasing and decreasing loads is more important than climate change. Effects of 
changes in mountain glaciers and ice caps have been documented in runoff, changing hazard conditions and 
ocean freshening. The enhanced melting, as well as the increased length of the melt season of glaciers, leads 
at first to increased river runoff and discharge peaks, while in the longer time-frame (decadal to century scale), 
glacier runoff is expected to decrease. 

Successful adaptation strategies need an integrated, coordinated approach. There is no sustainable development 
without water adaptation to climate change. Water-related adaptation to climate change is about integrated 
water resources management. Therefore Integrated Water Resources Management (IWRM) can play a key 
role in addressing these challenges. The principles and concepts of IWRM have been widely recognized, 
but the implementation of IWRM is not satisfactorily progressing in many basins. This might be due to the 
fact that practitioners responsible for water resources management at the basin level encounter difficulties 
in understanding where and how to begin applying IWRM. To get started with IWRM you need to identify 
the full spectrum of stakeholders involved in the river basin management issues and to understand how other 
stakeholders relate to water and how they are related to you through water.

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Introduction

Provision of sufficient quantities of clean water, environment conservation and economic development, are 
all huge challenges the whole mankind is presented with, developing countries and countries in transition in 
particular.  

The factors that influence water management in a country are numerous, but the following ones top the list:

• global circumstances,
• regional needs and drivers,
• local environmental, socio-economic and other circumstances.

It is the local level where water management is most specifically implemented, conducted and controlled.
The ultimate goal of regional water management is the establishment of a legal and institutional framework for 
sustainable water management within a certain area (river basin, groundwater basin).

At the global level, water management seeks to enable and facilitate:

• a more explicit approach to water-related issues throughout the world;
• scientific and professional capacity building in all regions and equating of education levels;
• more effective funding of the water sector; and
• enhanced networking and exchange of knowledge and technologies.

The first phase in water management was the phase of abundance, where the availability of water resources 
exceeded the levels of water use, while water pollution was insignificant. The second phase was the phase 
of depletion, during which the levels of water use and water pollution were considerable relative to available 
water resources, leading to a gradual depletion of these resources. The third phase was the phase of sustainable 
water management. 

Today, throughout the world, major efforts are being made to achieve sustainable management of water 
resources. Still, considerable differences exist between various parts of the world, and between various 
countries, in the level of effort expended to institute an appropriate level of water management.

Adaptive water management is mostly considered to be a structured, iterative process of optimal decision 
making in the face of uncertainty, aimed at reducing uncertainty over time through appropriate monitoring. 
This uncertainty is generally attributed to climate change. However, increasing consideration is being given to 
the uncertainties attached to socioeconomic drivers. Sudden socio-economic changes in a country can produce 
a strong impact on water sector capacities, management approaches and spending. This is especially true of 
transition countries.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Water management indicators

The question of the capacities needed for robust water management is closely related to two very important 
parameters/indicators: one is the natural abundance of water resources and the other is the economic power of 
the country under consideration – Fig. 1.

Figure 1: Economic power and water abundance as indicators of the status of water managemen.

In this regard, countries can generally be divided into six groups:

1. GDP in excess of 10K US$ per capita and modest-to-abundant water resources (more than 1000 m3 per 
capita per year). These countries have largely resolved the numerous water sector issues. Countries not yet 
rich (10-20K US$ per capita) have already undertaken substantial activities to enter the stage of sustainable 
water management. Rich countries (more than 20K US$ per capita), but with modest water resources, need 
to save water and accelerate their transition to sustainable water management.

2. GDP 3-10K US$ per capita and modest-to-abundant water resources (more than 1000 m3 per capita per 
year). These countries are generally preparing for economic progress and the transition from the water 
depletion phase to the sustainable water management phase. Additionally, a considerable number of such 
countries are politically undergoing systemic adjustments. This paper refers to them as transition countries.

3. GDP less than 3K US$ per capita and modest-to-abundant water resources (more than 1000 m3 per capita 
per year). These countries are generally seeking to improve their economic circumstances and the status 
of water management. Most of them, along with Group V and VI countries, are facing major water sector 
issues.

4. GDP in excess of 10K US$ per capita, arid and desert conditions (less than 1000 m3 per capita per year). 
These countries need to adopt cutting-edge technologies to provide water and develop water management.

5. GDP 3-10K US$ per capita, arid and desert conditions (less than 1000 m3 per capita per year). The countries 
that belong to this group are faced with major issues and need to make a considerable effort to implement 
adequate water management.

6. GDP less than 3K US$ per capita, arid and desert conditions (less than 1000 m3 per capita per year). The 
water sector problems of these countries are enormous.
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The procedures and processes related to the development of water sector management need to reflect the specific 
features of the type of country in question and to be adapted to each group, recognizing the circumstances of 
each country.

The socioeconomic drivers that impose the need for adaptive water management include: 
the need to meet the basic demands of the population in poor countries,

• the challenges brought about in countries transitioning from one group to another (e.g. from Group II to 
Group I, or from Group III to Group II),

• the challenges stemming from rapid changes and lagging adaption, or insufficient knowledge of such 
changes,

• the challenges caused by population concentrating in a single area,
• the challenges resulting from disasters and similar events.

Figure 1 shows the relationship between the country’s economic power and wealth in water, and on the other 
side, the ways and possibilities for water management.

Three types of countries have been highlighted:

1. SEE COUNTRIES. These countries belong among the less wealthy ones from Group 1, or to Group 2. As 
countries in the process of transition, most of them have limited financial means at their disposal. Some of 
them are facing the possibility of a significant decrease in water resources in certain areas due to climate 
changes.

2. MEDITERRANEAN COUNTRIES. These countries are to a certain extent similar to the SEE countries 
in terms of economic situation. However, there water resources are far inferior, with a possibility of 
further deterioration due to climate changes. Many of these countries need the application of leading-edge 
technologies for water use, protection and water management in general.

3. SUB-SAHARAN ARID COUNTRIES. These countries suffer from insufficient water resources as a whole 
or in certain regions, and the precipitation are often unevenly distributed (short rainy season, long droughty 
season). The problem of the basic supply with potable and sanitation water is huge, and it can become even 
more severe as a result of unfavourable climate changes. 

Climate change as a driver

A number of global and regional climate and 
hydrological models have been developed to assess 
future temperature, precipitation and runoff levels 
for different climate scenarios (IPPC 2007, SINTA 
2008, SEECOF 2010, CC-WATERS 2011). Some 
of the forecasts are depicted in Figures 2, 3 and 4.

Not enough light has yet been shed on the 
mechanisms leading to climate change as global 
and regional forecast methods have not been 
sufficiently tested. Still, there are indicators that 
precipitation will decrease in a significant number 
of mid-latitude+ regions (the Mediterranean, 
southern Africa, Australia, etc.). The frequency and 
severity of extreme events – floods and droughts – 
are also expected to increase in many regions.

Figure 2: Variations relative to average temperatures 
during the period from 1980 to 1999, Scenarios А2, 
А1B and B1 (respectively)
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Figure 3: Relative precipitation changes (2090-2099 vs 1980-1999); values represent multi-model averages 
based on Scenario А1B for December-February (left) and June-August (right).

Figure 4: Large-scale relative changes in annual runoff (water availability, %) at the end of the 21st century 
relative to 1980-1999. Values represent the median of 12 climate models using the SRES Scenario A1B 

[IPCC, 2007].

For example, the prognosis for Serbia is a warning of sorts: Serbia can expect average annual temperatures to 
increase and river discharges to decline. Current investigations of climate change in Serbia are based on 26 
temperature stations and 34 precipitation stations. The annual average temperature trend in Serbia was found 
to be about 0.6°C/100 years, while the precipitation trend was around zero (or very slightly negative).

Multi-model projected patterns of precipitation changes
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Figure 5: Recorded annual temperature and precipitation trends in Serbia (1949-2006).

According to the investigations of the effects of the climate change, Serbia is experiencing a downward river 
discharge trend. Even though each of the 14 studied watersheds in Serbia exhibits specific features, there 
is no dramatic difference between them (all show the expected trend of an average decline in stream flow 
with increasing temperature and vice-versa).  It should be noted that the coefficient of determination is very 
high both for precipitation and discharge, leading to the conclusion that a deviation of the average annual 
temperature by +1°C has an inversely proportional effect on the average annual precipitation level of about 
7%, and on the average annual river discharge of about 20%.

Figure 6: Correlation between average annual temperature and dischage (left) and temperature and 
precipitation (right) for 14 watersheds in Serbia

To give precise answers to the questions that arise, current trends of the governing parameters need to be 
assessed, and then potential developments reviewed under three scenarios: optimistic, moderate and pessimistic 
(from a water resources availability perspective).

In the conditions of reduced discharge, the issue of water resources’ quality can become even more problematic. 
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Changes in Quality of River Water: the Danube River Basin

The largest river basin in SEE is the Danube River Basin. Occupying more than 800,000 square kilometers 
or 10 percent of Continental Europe, the Danube River Basin extends into the territories of 19 countries. It is 
considered to be the “most international” river basin in the world. 

There is a large disparity between the economic circumstances of the Danube countries; for example, Austria 
and Germany report a GDP in excess of 40K US$ per capita, while Moldova’s GDP is less than 3K US$ per 
capita. Additionally, there are considerable differences between renewable water resources in these countries.
The quality of water in the Danube and other watercourses belonging to its basin, depends on economic 
activities in the basin (pollution caused by industrial and agricultural activities), as well as on the implemented 
measures for decrease in pollution caused by the population. 

Activities performed in the EU countries with regard to the construction of wastewater treatment plants, as 
well as some other measures for decreasing the pollution in the basin, have led to consistent increase in the 
Danube river water quality. This trend can be observed in the chart showing the change in the Danube water 
quality at the point where the river enters Serbia. The trend is represented by average monthly values of the 
BOD5 (mg/l) parameter, for the time period between 1970 and 2009 divided into decades. 

Figure 7: The change in average monthly values of the BOD5 (mg/l) parameter, for the time period between 
1970 and 2009, at the point where the Danube enters Serbia (Bezdan)

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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The distribution level of wastewater treatment plants in the Danube river basin is displayed in the Figure 8. 

Figure 8: Danube River Basin District – Urban Wastewater Discharges – Reference Situation.

What course of action to take?

a) Danube river basin level

In 2009, the countries belonging to the Danube river basin adopted the joint River Basin Management Plan in 
order to improve the quality level of water in the basin. Obviously,  in accordance with the present situation in 
some of those countries, the level of necessary future activities has significantly changed. 

Figure 9 shows that the most developed countries in the Danube River Basin have generally resolved, for 
example, the issue of urban wastewater treatment. However, the countries with a relatively modest GDP per 
capita are still faced with considerable spending on both wastewater treatment plants and other hydraulic 
infrastructures.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 9: Parallel representation of GDP and percentage of missing urban wastewater treatment plants.

Of course, as in the case of wastewater treatment plants, there is a similar situation in other areas in terms of 
need for additional investments in water sector. 

It follows that differences in economic power result in disparities in the water management in general. Therefore, 
the low-GDP countries will need considerable amount of time to build the required infrastructures, set up the 
necessary institutions, and improve the overall water sector. These enhancements need to be implemented with 
clearly identified priorities and sources of financing.

b) Republic of Serbia

Despite the fact that the Serbian water sector was at an enviable level of development during the 70s and 80s 
of the last century, economic embargos and other problems that emerged in the 90s and continued into the first 
decade of the new millenium, have caused numerous troubles to the water sector. 

Because it has fallen behind to some extent with respect to drinking water supply, Serbia’s first priority now 
needs to be to ensure access to healthy drinking water for its population. To accomplish this, Serbia needs to 
build a number of new local water supply systems, reconstruct and upgrade various water treatment plants, and 
build new regional water supply systems (1.5-2 billion €). 

Water protection is Serbia’s next important goal, including the construction of wastewater treatment plants. 
Settlements in sensitive and protected areas, and large communities along low-discharge streams, should be 
given top priority. This segment requires the largest amount of investments, or 3-4 billion €, depending on the 
necessary level of treatment.
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The water sector needs to implement capital projects in other segments as well, primarily irrigation systems 
(as part of overall agricultural development) and the upgrading of flood defenses and erosion and flash-flood 
control works.

In total, it is estimated that Serbia needs to spend 8-10 billion € on basic water sector infrastructures to support 
sustainable water management consistent with the standards required by relevant European Union directives. 
The country will not be able to allocate such a large sum over a period of a few years and, as a result, it will 
need 20-30 years to achieve the required standards. On average, Serbia will have to spend 400-500 million 
€ each year. The current drinking water tariff is low (about 0.5 € per cubic meter for households). Estimates 
indicate that the economic price of water should be 1.1-1.5 € per cubic meter (drinking water + evacuation and 
treatment of wastewater).

When this tariff is translated into what an average Serbian family of four would need to pay on a monthly basis 
for their water service, the cost is some 20 €. This is about 3% of the current income of an average Serbian 
family. Consequently, water tariffs will have to be increased to cost-recovery levels gradually (over several 
years). Additionally, some consumers will need to be subsidized. By necessity, investments in capital projects 
must be gradual and prioritized.

As an illustration, the following table shows the prices of water in certain cities and towns in the countries 
belonging to the Danube river basin:

City/Country Treated water
(€/m3)

Wastewater 
(€/m3)

Total
(€/m3)

Germany (Berlin) 2.0 4.3 6.3
Austria (Vienna) 2.0 1.8 3.8
Slovakia (Bratislava) 1.6 0.7 2.3
Czech Republic (Brno) 1.7 0.7 2.4
Hungary (Budapest) 1.7 0.8 2.5
Slovenia (Ljubljana) 0.7 0.5 1.2
Romania (Bucharest) 1.0 0.2 1.2
Croatia (Zagreb) 1.1 0.8 1.9
Bosnia & Herzegovina (Banja Luka) 0.4 0.5 0.9
Montenegro (Herceg Novi) 0.9 0.2 1.1
Serbia (Belgrade) 0.4 0.2 0.6
Bulgaria (Sofia) 0.6 0.2 0.8
Moldova 0.6 ... 0.6
Ukraine 0.2 0.1 0.3

Basic thesis concerning transformation of water management in Serbia 

• In order to ensure that all the necessary activities in the water sector will be carried out, adequate water 
management must be implemented at all levels, from the state level to the local ones.

• Considering that it will be necessary to invest some 500 million EUR per year in the water sector, water 
funds have to be established in order to enable adequate investments in this field, both through direct 
fundings and other forms of financial support (loans, donations, etc.)

• Apart from the financial ones, other biggest problem the water sector is facing at this moment is a lack of 
ready investments. Therefore, it should be appropriate to establish investment centres in target regions, 
which would provide expert support in the preparation and realisation of investments.

• Bearing that in mind, given that spending in the water sector is expected to increase considerably and 
that there is an evident shortage of engineers in certain parts of Serbia, it is necessary to intensify the 
production of experts needed by the water sector, especially of the so-called contract engineers.
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• Additionally, in view of the nature of the transition changes in Southeast Europe, coordination and an 
exchange of experiences are needed between communities in similar transition circumstances (in technical 
and economic terms), as well as those that have made greater strides towards economic prosperity and 
sustainable water sector management.

• Increasing the investments from 100 million € to 500 million €, requires adequate system changes - 
legislative, financial, changes in institutional organisation, as well as in national funds and realistic water 
prices.

General conclusions 

• Most SEE countries have problems in the field of water management for various reasons. They are basically 
undergoing a transition to sustainable water management. In virtually all these countries heavy investment 
and considerable water sector adjustments are needed. 

• In general, SEE countries are moderately rich in water resources. It is important to note that there is an 
uneven distribution of well-watered and dry areas in the region; water resources generally decrease from 
the west to the east and from the north to the south. It is likely that the situation will become even more 
complex in the future. According to most climate change predictions, the upward temperature gradient 
is expected to increase and, consequently, runoff and river discharges will likely decrease, as a result of 
natural processes and increasing water demand (particularly for irrigation/food production). It is expected 
that certain regions in SEE will become semi-arid and experience considerable water deficits. 

• Adequate monitoring of those changes has to become one of the priorities in the SEE countries, in order to 
be able to timely address the problems that might arise in the future.

• In addition, water awareness needs to be raised and the overall socio-economic system related to water 
improved through capacity and efficiency enhancements. The influence of global institutions needs to be 
adjusted to the specific needs of the SEE countries. 

• In developing the right approach to water management improvement, particular care needs to be exercised 
to properly address the economic situation of a given country and its richness in water.

• Additionally, the rate of socioeconomic changes in transition countries requires a highly specific approach 
to this issue, which needs to be taken into account at the global level by UNESCO and other international 
organizations, such as the World Bank and similar institutions.
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Introduction

Demand for fresh water is rising but a variety of factors including population growth, water pollution, 
economic progress, land-use change and climate change render its availability into the future uncertain.  
Awareness of growing water scarcity has led to increasing interest in global modeling of water resources, both 
in terms of supply and demand, with the aim of developing and implementing appropriate water resources 
infrastructure and management strategies.  Such planning requires accurate long-term projections of water 
supply and demand, but these projections are generally flawed because of inaccuracies in assumptions about, 
and incomplete understanding of, the driving forces behind domestic, industrial and agricultural water use.  
Uncertainties surrounding climate change only compound the problem.

Anemi model

Interactions between physical processes, biological and biochemical processes, and human-mediated processes 
are key in determining changes in the global water system.  The main advantage of the approach presented in 
this paper is therefore the explicit incorporation in an integrated assessment model of important hydrological 
sectors and their socio-economic and natural context.  The model, ANEMI, allows an investigation of the 
broader feedback-effects of various water resources policies, including those related to wastewater treatment 
and reuse, and the expansion of irrigated agriculture and changes in the human diet, on the society-biosphere-
climate system as a whole.  ANEMI provides insight into the behavior of the modeled system. ANEMI is 
horizontally-integrated and links climate change, population growth, water resources and other physical and 
socio-economic issues “to sketch an integrated conception of sustainable development”. It is intended for 
policy evaluation, or for answering “what if?” questions, rather than for policy optimization.  

In terms of model capabilities, ANEMI can simulate effects of uncertainties in the climate and carbon systems, 
such as changes in climate sensitivity parameters or soil Q10 factors, or the land use and economic sectors, 
such as the rate of land use change or the total factor productivity.  It can also show the broader effects of 
alternative carbon tax levels and population growth mechanisms, and a variety of water resources-related 
policies and uncertainties.  The water sectors – surface flow, water use, and water quality – simulate changes 
in many key water resources variables: total surface flow, surface water availability, domestic, industrial and 
agricultural (both blue and green) water withdrawal and consumption volumes, reservoir evaporation losses, 
treated and reused wastewater volumes, groundwater extraction and desalination volumes and a measurement 
of water scarcity, called water stress.  Their values depend on water sector processes but also on dynamic 
connections to other sectors, such as the climate, economy and population sectors.  Many of their associated 
parameters can be adjusted to show the effects of uncertainties or alternative management policies.  

ANEMI uses a well-established modeling methodology called “system dynamics simulation.”  As a worldview, 
system dynamics asserts that a system’s structure and its associated feedbacks give rise to its observed behavior.  
Most real-world events are then a consequence of the internal structure of a potentially larger, and perhaps 
unrecognized, system.  Thus, observed events are not external to the systems they affect but stem instead from 
unforeseen interactions between system components. Figure 1 shows ANEMI’s basic structure, with sector 
names in bold type and feedbacks as arrows that connect the individual sectors into a set of linked, closed-loop 
structures. 
* This summary is based on the article by Davies, E.G.R, and S.P. Simonovic, (2011) “Global water resources modeling with 
an integrated model of the social–economic–environmental system”, Advances in Water Resources, 34:684-700.
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The resulting feedbacks are a critical feature of the model and mean, in practical terms, that the values of key 
variables in one sector affect the values of variables in other sectors at each time step of a simulation.  These 
closed loops cause model behavior to emerge from the interactions between different sectors rather than from 
input data or driving functions – dynamic behavior is then a result of endogenous feedbacks.  

Figure 1: The structure of ANEMI: Model components and their feedbacks 

Model simulations

Generated using the initial model configuration, the reference simulation serves as the basis of comparison for 
other experiments.  It shows a doubling of the global population from 1960 to 2000 and then a slower increase 
to 2100.  In the water sectors, the total available surface water decreases first to 2000, as a result particularly 
of evaporation from the surfaces of reservoirs, and then increases from 2000 to 2100 as climate change and 
the related enhancement of the hydrologic cycle compensate.  Furthermore, in all three water use sectors – 
domestic, industrial and agricultural – surface water withdrawals increase strongly to 2000 and then remain 
basically constant over the next century, while surface water consumption grows quickly from 1960 to 2000 
and then rises more slowly over the next hundred years – see Figure 2.  

Figure 2:  ANEMI versus observed water withdrawal and consumption values 
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Five simulation experiments are created to investigate model utility. They involve the modification of a small 
subset of parameters in the socio-economic sectors of the model, as shown in Table 1.  Specifically, “low 
treatment, no reuse” changes two water quality sector constants that represent delays in establishing both 
domestic and industrial wastewater treatment facilities so that less wastewater is treated in this experiment 
than in the reference case.  Furthermore, both “low treatment, no reuse” and “high treatment, no reuse” set 
the switch related to wastewater reuse to zero (off) so that no treated wastewater is reused over the simulation 
period.  “Irrigation expansion” doubles the “irrigation expansion multiplier” after the year 2000.  “More 
animals” raises the fraction of meat in the human diet linearly from 0.172 in 2007 to 0.25 by 2030  and holds 
that value to 2100, whereas the reference run has a linearly rising consumption from 0.172 in 2007 to 0.195 
in 2100.  Finally, experiment five sets the “green crop water dilution factor” and “green pasture water dilution 
factor” parameters to a range of values to show the effects of larger and smaller dilution requirements.

Table 1.  Experimental configuration and associated changes to ANEMI parameters

Experiment Title Objective:  
“Show effects of...” Parameter Changed

Parameter 
Reference 

Value

Experimental 
Value  

(post-2000)

1. Low treatment, no reuse High volumes of pol-
luted water

Domestic Treatment Delay
Industrial Treatment Delay
Wastewater Reuse Switch

15 yr
40 yr
1 (on)

108 yr
108 yr
0 (off)

2. High treatment, no reuse Greater wastewater 
reuse Wastewater Reuse Switch 1 (on) 0 (off)

3. Irrigation expansion Larger irrigated area Irr. Expansion Multiplier 1 2

4. More animals
Greater animal prod-

uct consumption Animal Product Fraction 2100: 
0.195 2030: 0.25

5. Dilution requirements
Alternative dilution 

requirements for rain-
fed agriculture

Green Crop Water Dilution
Gr. Pasture Water Dilution

1
0.1

0.5, 1.5, 2, Var.
0.05, 0.15, 0.2, 

Var.

The differences in water stress levels in Figure 3 between the three simulations are directly related to wastewater 
treatment and reuse.  Wastewater treatment in the “high treatment, no reuse” experiment reduced the untreated 
volume by 443 km3 yr-1 in 2100 from its low treatment value, with clear effects on water stress.  Furthermore, 
as compared with the reference simulation, the higher water stress level in the high treatment experiment drove 
greater establishment of wastewater treatment facilities – 204 km3 yr-1 more wastewater was treated.  

Figure 3:  A comparison of water stress values in the reference simulation and experiments one and two
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Figure 4 illustrates the effects of wastewater treatment and reuse feedbacks on total wastewater volumes.  The 
three solid lines show the total volumes of wastewater generated in the reference run and in the low and high 
treatment experiments.  The dashed lines show that the treated wastewater volume rose over time, the untreated 
volume decreased in the reference simulation and the total volume of wastewater decreased through reuse.  The 
untreated volume in the “high treatment, no reuse” experiment behaved analogously to the reference untreated 
volume but decreased less over time since wastewater was not reused.  The total wastewater reuse in the 
reference run eventually matched the total treated wastewater volume; this treatment to reuse relationship can 
be changed easily in light of new information.  Finally, the two treated-wastewater curves show the effects of 
water stress feedbacks on treatment.

Figure 4:  Total wastewater, wastewater treatment, and wastewater reuse volumes (km3 yr-1)

ANEMI simulates blue and green water feedbacks associated with agriculture; the top lines of Table 2 compare 
the direct effects of the experiments. The direct effects of more irrigation in the “irrigation expansion” 
experiment included greatly-increased blue water use over the course of the simulation. Greater blue water 
consumption also reduced green water consumption by 1564 km3 yr-1. In the “more animals” experiment, 
greater consumption of animal products drove the conversion of 115 Mha, or 7%, more natural land to cropland, 
and without substantial increases in pastoral productivity, required approximately 1350 Mha more pasture land 
than in the reference run.  More blue water use and greater animal-product consumption had broader feedback 
effects as well, as shown in Table 2.  Water stress values rose significantly from the reference value of 0.29 to 
0.37 and 0.31 because of higher blue-water and green-water dilution requirements, respectively.  The higher 
blue-water withdrawal and “green returnable flow” and their associated dilution requirements had far-reaching 
consequences.  As the irrigated area grew in “irrigation expansion” and drove higher water stress values, 
the rate of population growth fell in comparison with the reference run results.  Furthermore, higher water 
stress values meant that the maximum domestic and industrial treatment fractions were reached earlier in the 
“irrigation expansion” experiment than in the reference simulation.  In other words, higher water stress in 
“irrigation expansion” drove the earlier implementation of wastewater treatment and reuse programs but water 
pollution was already dealt with to the extent possible by 2070, making no further treatment or reuse possible.  
Water stress continued to rise as a result.  

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Table 2.  Blue and green water experimental results
Key Variable 2000 2010 2025 2050 2075 2100
Irrigated Area (Mha)
• Reference 263 279 305 337 363 392
• Irrigation Expansion 263 296 354 433 503 584
• More Animals 263 279 305 337 363 392
Dietary Fraction of Animal Products
• Reference 0.167 0.173 0.176 0.183 0.189 0.195
• Irrigation Expansion 0.167 0.173 0.176 0.183 0.189 0.195
• More Animals 0.167 0.182 0.233 0.250 0.250 0.250
Population (109 people)
• Reference 6.14 6.94 8.10 9.82 11.28 12.50
• Irrigation Expansion 6.14 6.94 8.09 9.76 11.10 12.16
• More Animals 6.14 6.94 8.09 9.78 11.16 12.29
Blue Water Withdrawals (km3 yr-1)
• Reference 3894 4130 4346 4406 4258 4372
• Irrigation Expansion 3894 4294 4789 5172 5353 5864
• More Animals 3894 4130 4342 4375 4221 4366
Green Water Consumption (km3 yr-1)
• Reference 4730 5807 7184 9570 11862 14051
• Irrigation Expansion 4730 5689 6853 8912 10817 12487
• More Animals 4730 5972 8330 11204 13511 15600
Harvested Area (Mha)
• Reference 1288 1340 1360 1404 1490 1653
• Irrigation Expansion 1288 1328 1325 1330 1371 1473
• More Animals 1288 1362 1491 1557 1624 1768
Water Stress (–)
• Reference 0.354 0.359 0.351 0.309 0.276 0.286
• Irrigation Expansion 0.354 0.369 0.375 0.349 0.335 0.366
• More Animals 0.354 0.363 0.372 0.332 0.297 0.308

Figure 5 shows the effects of different values on water stress and the corresponding values of the standard 
water stress, which omits water quality considerations.  Five additional simulations, called experiments 5-1, 
5-2 and 5-3 use cropland and pasture runoff-dilution factors of 0.5 and 0.05, 1.5 and 0.15, and 2.0 and 0.2, 
respectively. Standard water stress shows values when the availability is set to 37% of the annual renewable 
volume.  Experiment 5-4 makes the dilution factor a function of crop yield to represent the effects of intensifying 
agricultural production on water resources.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 5:  Effects of changes in dilution requirements on water stress

Conclusions

Water resources systems are particularly difficult to model at a global level because of the number of different 
real-world systems to which they are connected.  Comprehensive, feedback-based modeling approaches 
towards water resources policy development are desirable for several reasons.  ANEMI model presented in 
this paper differs from most other global-scale hydrological and water resources models in several important 
ways.  It incorporates dynamic, interdependent representations of both socio-economic and natural systems, 
represents systemic feedbacks explicitly, includes endogenous representations of population, economic growth, 
global surface temperature and the carbon cycle, and focuses on connections between water quantity, water 
quality and natural surface flow.

The five water resources experiments examined in this paper showed several benefits of a feedback-based 
modeling approach.  Specifically, a comparison of the reference run with the low and high treatment experiments 
demonstrated the water resources- and broader benefits of wastewater treatment and reuse programs, while 
the “irrigation expansion” and “more animals” experiments showed the blue and green water effects of an 
expansion of irrigation and of shifts toward greater consumption of animal products.  The additional dilution 
sensitivity simulations, experiments 5-1, 5-2, 5-3 and 5-4, investigated the effects of changes in the dilution 
factors for runoff from rainfed agricultural land.  
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Abstract 

Comparative studies indicate that human impacts on water resources are sometimes dominating the expected 
climate induced changes. The objective of this paper is to give an overview of the observed hydrological 
changes in some river basins in different climatic regions and to identify the various causes of these changes 
in the water cycle. Human interventions such as changes in the land use may have similar impacts on the 
hydrological regime as due to climate change. Usually, distributed hydrological models are applied by 
calibrating the model for the observation period and subsequently the hydrological cycle is simulated under 
climate change conditions and under different development scenarios. 

To simulate land use changes properly a modification of the model parameters is required while the input data 
set remains unchanged. To study climate change impacts on the hydrological cycle the input changes and often 
the model parameters remain unchanged. In the short term this approach may be justified but in the long term 
perspective a re-parameterisation is required because timber line may change, and also land use is expected to 
adapt to climate change. 

The ability to model these processes (land use changes and/or climate changes) at the catchment scale is limited 
by the fact that regular hydro-meteorological network is limited, especially in Alpine environments, and that 
the observation period in hydrological time series covers only a few decades. These time series are usually 
too short to allow any detection of changes, especially in extremes. The climate change simulations, also from 
regional climate models, show large differences dependent on the driving climate model and don’t provide an 
acceptable spatial resolution for hydrological simulations and need to be adjusted and downscaled. Another 
source of uncertainty is introduced by imprecise documentation of land use changes over longer periods. 

To discriminate among these effects different realistic land use scenarios, based on some qualitative data, 
are simulated and are compared with simulations under climate change. This approach has been applied to 
numerous catchments in Central Europe and it can be concluded that the impact of human intervention is 
dominating the climate signal in many catchments.  In high alpine regions and in regions with low annual 
precipitation the climate change may play a dominant role. 

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Extended Abstract

More than 70% of water diverted from its natural repositories (lakes, rivers, aquifers etc.) is used for irrigation 
worldwide. For Indus Basin of Pakistan, it is more than 90%. Pakistan, a country of 180 million people heavily 
depends on irrigated agriculture derived from the waters of the Indus and its tributaries. Indus Basin Irrigation 
System is the biggest contiguous irrigation system of the world dependent on a single source of water, i.e. 
the Indus. The resource is already being exploited almost to its maximum potential, resulting in drying up of 
many wetlands in the riparian zones, loss of ecological services, and shortages of water at the delta causing 
many social and ecological problems. There are other related problems such as water logging and salinity 
in the irrigated areas, shortages of canal water supply at the tail-ends of the canals, and over-exploitation of 
groundwater to supplement irrigation. At the same time, increasing population projections suggest that more 
areas need to be brought under irrigation to fulfil increasing food demands, while the climate change scenarios 
predict up to 40% reductions in river flows as a consequence of reduced glacial volumes and rainfalls by the 
turn of this century. There does not seem to be a viable plan for the Indus Basin which ensures food security 
for its inhabitants without further reducing environmental flows to the already water stressed ecology of the 
river, and there seems no viable environmental protection/restoration plan which does not suggest reductions 
in water withdrawals for the already water scarce irrigation sector. 

In this paper we present a conceptual plan which ensures food security in the basin while simultaneously 
sparing large quantities of water for environmental restoration. The paper shifts focus from construction of 
mega diversion and large scale storage dams to farm scale storages coupled with innovative efficient irrigation 
methodologies plus the regional-scale plans of utilizing storage spaces available in the depleted aquifers.

A conceptual design of an elaborate sub-irrigation system at farm scale is presented here. The concept 
introduces a ‘fully engineered’ farm design. The engineered design consists of a layer of growing medium of 
certain thickness composed of carefully selected soils with optimum quantities of nutrients and organic content 
based on the requirements of a set of targeted crops. Underneath the growing medium is a network of pipes to 
deliver moisture in the root zone though regularly spaced inverted filters. Water levels in the filters are raised 
or lowered to maintain moisture requirements in the root zone. A water storage facility with a solar powered
pumping system is built as part of the system to regulate water levels in the inverted filters. The sub-irrigation 
system can ensure the availability of soil moisture within the root zone for the plants at every critical stage of 
their growth, thus improving biomass productivity and crop yields. The system is expected to almost eliminate 
the water losses due to evaporation, deep drainage, and overland flow, bringing the net requirement of water 
to roughly equal to transpiration rate of the plants, thus reducing the water requirements and the pumping 
costs to a bare minimum. The sub-irrigation system also ensures that the root zone of the plants does not get 
fully saturated and the direction of moisture fluxes within the root zone always remain upwards through the 
capillary forces, preventing leaching and deep drainage of minerals and fertilizers from the growing medium, 
thus reducing the net requirement of fertilizers at the farm as well as preventing pollution of aquifers from 
fertilizers and pesticides etc. Rainfall harvesting is also fully integrated within the farm design. The water 
management system at the farm warrants that every single drop of water that comes to the farm does not leave 
the farm except through transpiration. The whole water delivery system operates at atmospheric pressure 
ensuring lesser maintenance costs. Our on-going experiments show that this system uses one forth the amount 
of water with crop yields approximately one and half times more per unit area compared to the current average 
water usage and crop yields in the basin, making the net water efficiency gains to six folds.
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This emerging technology, for the first time, promises huge water savings in the agriculture sector. Mean 
estimated annual flow volume in the Indus and its tributaries is 179 billion cubic meter (BCM). Currently, 129 
BCM is being withdrawn to run the irrigation system. With the possibility of up to six fold reduction in water 
requirements at the farms, we can ideally spare over a 100 BCM to flow in the river system.

Carbon foot print of the current agricultural practices is also significant. The sub-irrigation methodology 
presented here is expected to reduce it too. First, the energy requirements for ploughing and pumping are 
reduced (and pumping energy is being derived only from renewable resources); second, the requirements 
of fertilizers is significantly reduced by preventing wastage through deep drainage; and third, the farms will 
sequester more carbon from the atmosphere with increased biomass production per unit area. In our current 
experiments, we are carefully evaluating the reduction in CO2 equivalent in the first two cases and the CO2 
equivalent of additional carbon sequestered in the biomass in the third case, to quantify net carbon footprint 
of the system.

The anticipated success of efficient irrigation opens a huge opportunity, for the first time, to spare significantly 
more quantities of water for environmental restoration projects. Following a carefully worked out long term plan, 
the efficient irrigation methodologies can be gradually adopted, mandated and ultimately enforced throughout 
the basin. As more water starts becoming available in the river, the management of riparian zones, restoration 
of lost wetland habitats, replantation of riparian forests, and reintroduction of lost species can commence in 
the basin. Flood plain management plans can also be re-aligned using contemporary methodologies which 
minimize damages without restricting natural flow paths. Infrastructure to harvest storm and floods waters for 
replenishing the aquifers can also be gradually put in place. Over a period of half a century or so, the Indus 
River can be restored to much of its lost glory, generating huge ecological services, and can become a model 
of restoration for the other large river systems of the world.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Abstract

The increasing global rate of urbanisation and concurrent global climate changes create new challenges but 
could also open new opportunities for managing cities’ water resources. In most strategies water ecosystems 
are only regarded as constraining objects. Ecohydrology principles postulate they can be used as management 
tools. Starting from the generally acknowledged fact that ageing water assets and urban development induce 
more pollution to water resources this paper intends to figure consequences of more intense rainfalls and dry 
periods on (i) stream flow regime and (ii) for aquatic ecosystems exposed to urban storm-flows. To address 
these challenges, ecohydrological approach is presented with a focus on combined sewer overflow management 
at a periurban basin scale. 

Introduction 

Urban system now welcome more than a half of the world’s population and should reach 70% over the 30 
coming years (UNFPA 2007; UN-Habitat 2008), that is to say on a quite short term. Urban systems interact 
in many points with water resources. Water supply can come from far away (Breil 2005) and consequences 
on water resources can impact distant regions like for Phoenix city which is located in a desert country taking 
much of its water from Colorado river. In most of the cases a local supply is provided but in all cases there is 
a local impact of storm weather urban runoff.

Urban development is known to affect natural stream flow regime by increasing runoff and reducing infiltration 
(Braud et al., 2013). It results on one hand in more frequent and flashy small floods (Hollis 1975) induced by 
rapid runoff and sewer pipes overflows. On the other hand there is a deficit of infiltration resulting in less 
visible local ground water resource depletion (Ku et al., 1992; Vasquez-Sune et al., 2010). Moreover in the case 
of combined sewer systems (widely developed in Europe since second word war) part of the runoff is exported 
sometime on long distances from area of production to a central waste water treatment plant which increases 
local groundwater deficit (Breil 2006). Also noticeable is the drainage of ground water by ageing sewer pipes 
(Breil et al., 2010a). All over periurban development around cities is an economical and social necessity to 
welcome new dwellers for coming decades (Haase & Nuissl 2007; Habibi & Asadi, 2011)but it results in an 
increasing hazard of both small floods and probably very low flows.

In regards of climate change we expect more intense rainfall and longer dry weather sequences. Due to the 
already limited carrying capacity of sewer networks any increase in rainfall event intensity should increase 
overflows from sewer pipes directly to natural water bodies. Longer dry weather will also impact ground water 
replenish. Another less known consequence is an expected increase in combined sewer system pollution load: 
dry periods will generate more pollution storage in the form of bio-films growth lining sewer pipes (Breil et 
al., 2013). Combining climate change with urban development it is expected a wider impact on the local water 
resource with more pollution delivered to systems lacking of dilution capacity.

Purpose of Ecohydrology is to use dual regulation of natural biological processes in conjunction with 
hydrological flows which ensure connection of biochemical fluxes from lands to streams. This new water 
resource management principle (Zalewski 2000 & 2002) requires identifying at a basin scale the spatial 
organization of biological processes. Also in the perspective of both climate change and urban development 
it seems necessary to handle the future of water resource management at basin scale in the aim to reduce their 
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impacts on water quantity and water quality. In this study we focus on in-stream biological processes and in 
particular on their self purification capacity to process excess of nutrients due to human activities. 

This study has two objectives: first is to demonstrate implication of climate change on flood and low flow 
hazard and second to show how spatial distribution of self purification capacity would be considered in future 
developments. 

Lyon, with an increasing number of inhabitants, well illustrates a periurban development. The basin area is of 
150 km2 and it exhibits a typical gradient of land use from forest, grass land and farming, spotted urban villages 
progressively turning to dense urban systems approaching the large city of Lyon in its downstream part. The 
study focuses on the evolution of the flow regime over decades seventies and nineties of the Yzeron stream 
with a special concern for its concomitant biological quality change. These two decades are chosen because it 
was noted in previous studies increase in rainfall events amount in conjunction to flood regime change.  

Method

To study the effect of a climatic change on aquatic ecosystems we take opportunity of an observed evolution 
in the rainfall regime that occurred on west Lyon city (France) over the period from 1970 to 1999. This change 
was concomitant to a drastic increase in large flood peaks (Fig.1) of the Yzeron stream which drains the west 
Lyon periurban catchment (130 km2). Hydrological modelling confirmed this change cannot be explained 
only by the increase in runoff due to urban development during the same period (Radojevic et al., 2010a,b). 
The statistical comparison of rainfall amounts (Fig. 2) from one to several days, between the seventies and 
the nineties also clearly indicated the nineties was exposed to more concentrated rainfall events while average 
yearly amounts off rainfall was not significantly different between the two periods. 

Figure 1: Flood peak distributions for the 
70s and the 90s at the upper station

Figure 2: Distributions of maximum daily rainfall for 
the 70s (black squares) and the 90s (grey triangles) 
with a 90% confident interval.

 A flow time series is available on the main stream Yzeron since 1970 at its mid part where the drained area 
is dominated by rural activities. It is provide by the regional direction for environment (DIREN) which is 
in charge of surface water monitoring for flood and drought awareness and linked risk management. More 
recently water quality and biological data collected at 103 sites by several entities (regional water agency, 
research laboratories, Yzeron river contract) on the Yzeron stream since 1950 to 2007 were gathered and 
standardized (Breil et al., 2010b). This data set was used to calculate a first trend analysis of aquatic biota 
response to the increasing number of combined sewer overflow outlets with urban development (Wagner & 
Breil 2013). According to the French normalised method (AFNOR 2004), biological data diversity, richness 
and species distribution allowed to calculate a biological index from 0 to 20 and ranked into five classes from 
very bad to very good as to help in the interpretation. Same principle but with concentration of pollutants is 
used for water physical-chemical quality parameters (NO3, NH4, PO4, pH, dissolved oxygen,…).
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Method of comparison to check for the effect of flow regime change resulting from the rainfall change only 
is regarded first and then with biotic index evolution in the upper part of the basin. Comparison of biotic 
index change with urban effect is regarded in the downstream part the main stream. Periods for biotic data are 
called P1 for data collected on 1959 and P2 for data collected from 1988 to 2007. Decades seventies (70s) and 
nineties (90s) for hydrological data correspond to periods 1970 to 1979 and 1990 to 1999.

Results

Minimum monthly mean flows in each year were extracted from the whole flow time series and compared 
using box-plot presentation (Systat 10, SPSS 2000) in figure 3.

Figure 3: Minimum monthly flow distribution at period P1 and P2. 

Low flow distributions range from 10 to 70 litres per second for period 2 and from 15 to 933 (including a 
value of 146 litres per second) for period 1. These two large values are not plotted to well see trends in lower 
distributions.

Kolmogorov-Smirnov two samples test indicates a two-sides probability level of 0.3 which is not concluding 
to say that low flow regime changed between periods P1 and P2. That is quite normal because low flows 
are bounded by the no flow limit. We can however note a clear trend in lower values for P2. This trend is 
observed at a location where the drained basin is little concerned by the urban development meaning that no 
ground water drainage is expected by a sewer network. Then the main reason should be the observed change 
in the rainfall regime with much more precipitation during rainfall events but less rest of the time because no 
statistical difference is observed between periods on annual precipitations (Radojevic et al., 2010a). 

Water quality and biological data are plotted in figure 4 which shows the Yzeron basin boundary and drainage 
system. We here focus on the Yzeron stream which runs from west (source) to east (mouth) in the south 
border. Now looking at water quality data distribution along the Yzeron stream (coloured stream reaches) it is 
observed a good quality at upstream and surprisingly downstream parts of the Yzeron in the densely urbanized 
part of the basin. In the upper part it can be explained by very little source of pollution but in the downstream 
the main reason seems to be the dilution capacity offered by the good quality ground water feeding the stream 
during the low flow period.

Of more interest is the degradation and recovering of water quality at the mid run of the Yzeron where no 
ground water dilution can occur because stream runs in an entrenched valley on coarse sediments and sometime 
directly on the bed rock made of granite and schist. This is a first confirmation that self purification can be 
active in such a small stream of five meters wide and exposed to very low flows. 
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Figure 4: Yzeron basin (France, next to Lyon city) with water quality of main streams, locations of biological 
(IBGN) sampling stations (red dots) from 1950 to 2007 and biggest combined sewer overflow outlets (black 

squares).

However water quality data are instant information when biological data characteristics like biological index 
can reveal long term adaptation of biota to their environment. Biological stations were sampled several times 
from 1969 to 1997. 

Corresponding results are presented (Fig.5) for the Yzeron stream in the form of box density plots with quartiles 
25, 50, 75 and 1.5 upper and lower range limits for periods P1 and P2. These periods allow getting enough 
data for comparison to hydrological periods 70s and 90s. Data are plotted against the distance from source to 
mouth of Yzeron stream. 

Under 9 kilometres from source no clear difference is noted between biological index values of the two periods 
(Kolmogorov-Smirnov two samples test indicates a two-sides p value 0.36). However the best biological 
quality is observed just before kilometre 9. Over this distance there is a significant decrease for each period but 
with a pronounced negative trend for P2 with a p value of less than 0.0005.

Figure 5: Statistical distributions of biological 
index from source to outlet of Yzeron basin at 
two periods.

Figure 6: Cumulated number of Combined Sewer 
Overflow outlets from source to mouth of the 
Yzeron stream.
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In figure 5 is plotted the cumulated number of CSO outlets. The number jumped from 50 to just less than 
200 outlets almost over 9 kilometres from source. This number is near 300 at the Yzeron mouth. We must 
also consider this number increased with urban development since the seventies. The urban densification and 
sprawling was calculated to change from 6 to 19 % of the total basin area between P1 and P2 (Breil et al., 
2010a). 

We have here a clear concomitancy both in time and space between biological quality decreasing and urban 
development. The question is now to demonstrate the link with the observed trend in rainfall from decade P1 
to decade P2. To do so hydrological years were ranked into 3 categories: low, middle and high regarding their 
mean yearly flow recurrence interval. Result is plotted in figure 6.

Figure 6: Biological index distributions for upstream and downstream parts of the Yzeron stream. 

Statistical difference in biotic index ranges is confirmed between up- and down- stream (p<0.0005) groups. 
Differences in flow class inner each up- and down- stream groups are respectively p=0.068 and p=0.029 
(Kruskal-Wallis test). Upstream biological quality increases with mean yearly flow at the upstream (before 
kilometre 9) when it shows a minimum at the downstream (after kilometre 9) for middle yearly flow category. 
It seems quite reasonable that biological quality improves with more natural water along a year as it happens 
for the upstream part. 

Downstream part is exposed to more sewer overflow outlets (see Fig.5). Then the observed bad biological 
quality level (index over 5) for middle yearly flow category can be explained by the conjunction of more 
intense rainfall events (see Fig. 2) which induces frequent combined sewer overflows on low dilution capacity 
we observed to occur more often during P2 (see Fig. 3). Medium biological quality (5 to 10) during dry years is 
then explained by less sewer overflows and medium biological quality (over 10) results from dilution provided 
on wet years. 

Conclusion and perspective

Combining hydrological and biological data at a basin scale several observations arise:

There is evidence of a self purification capacity both in the upper and downstream parts of the Yzeron stream 
which crosses a gradient of land types from forest to grasslands, farm lands and urbanized lands. Self purification 
is detected when stream biological quality improves from upstream to downstream. At the upstream part this 
process can only be explain by the existence of an active hyporheic system (Aucour et al. accepted). Hyporehic 
flows correspond to water exchanges between surface and stream substrates. Upwellings and downwellings 
occurs along natural geomorphic units and carry nutrients to substrate where biofilms can develop and process 
organic matters (Grim et al., 1984) even when being in excess creating hot metabolic spots (McLain et al., 
2003; Harms & Grimm 2008). This is a major component of the self purification capacity in streams running 
on a porous bottom. 
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Water quality improvement in the downstream part of the Yzeron during second period seems to only be 
due to dilution by ground water but this effect is very dependent on the water sampling moment. Biological 
index does not confirm this is a durable effect. Urban aquatic habitats are specific systems in that sense they 
experience episodic rainfall dependant perturbations they have to cope with (Breil et al., 2008). Resilience 
of natural systems is not equally distributed along streams courses and seems to depend from abiotic local 
features (Breil & Lafont 2008) which condition time for recovering between urban pulses (Lafont et al., 2008). 

Theorization of future urban system considering the urban ecological footprint (Luck et al., 2001; Novotny 
2010; Grimm et al., 2008b) is gaining interest to reduce local and long distance ecological impacts. Global 
change effect on cities is also matter for reflection (Grimm 2008a). 

The city of Lyon (France) with its population growth and intensive periurban development provides a hierarchy 
of stream reaches with different carrying capacity in terms of self purification capacity. Existing and coming 
urban development will have to manage more runoff also in consequence of climate change. This means 
more frequent overflows and more sewer overflow outlets. Dry reservoirs (or empty dams) are considered to 
adequately address the excess of urban runoff management as far as they do not stop the stream course flowing 
in normal weather conditions (Radojevic et al., 2010b). However urban runoff is demonstrated to impact 
biota of receiving like in this study. It also generates hydro-geomorphic alterations closely linked to CSOs 
in theYzeron basin (Navratil et al., 2012). Then further urban development will have to cope with this new 
challenges. It should consider the spatial organization of the self purification capacity to take benefit from this 
ecosystem service that would provide resilience to urban runoff connected pollution. This means that location 
of future sewer overflow outlet and location of efforts to reduce pollution at source using water sensitive urban 
development techniques will have to integrate the ecosystem spatial properties. 

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Introduction

The World is facing today the two major threats:  Climate changes on one, and increased water demands, on 
the other side. These two factors provide a negative synergy and many countries or regions are already facing 
water shortage and significant depletion of their water reserves (e.g. parts of USA, China, India, countries 
of Arabian Peninsula, Northern Africa). Such situation is likely to continue and forecasts are even worst for 
the arid part of our planet. Groundwater is essential resource for drinking water supply for most of the World 
population but even more for irrigating the land for necessary crop production. Even 70% of groundwater is 
utilized nowadays for late demand while roughly 40% of the world grain harvest comes from by groundwater 
irrigated land. Tapping groundwater resources helped expand world food production, but as the demand for 
different crops continued growing, many aquifers being over-exploited. Although many controversies follow 
so-called safe or sustainable yield control of aquifer utilization and monitoring are crucial for sustainable and 
careful water management and bridging the gaps between the interests and preferences of individuals, local 
communities and regional/national water sector.

Climate changes and groundwater 

Although met with reservation and speculation by politicians and by some experts, too, today climate change 
(CC) is more or less recognized everywhere. When speaking of climate change, the interaction between natural 
processes and the greenhouse gas effect expected to affect the eco system of our planet for approximately the 
next 100 years must be considered. The series of reports issued by the Intergovernmental Panel on Climate 
Change (IPCC) concluded that the climate of our planet is changing. This change will have an impact on land 
use activities, which in turn will exert pressure on water resources. Among the most important impacts of 
climate change on the world’s fresh water supplies will be those caused by increased temperatures, changed 
precipitation, and shifts in the historic hydrologic cycle (IPCC, 2007; Andjelic, 2012) . 

The fourth IPCC report (2007) estimates a global pattern of contrasting changes in rainfall expected to occur 
between the present and the end of the 21st century, with decreases in rainfall, compared to 1980-2000 averages, 
that may exceed 20% in arid and semi-arid zones, which are already vulnerable to reduced recharge of water 
resources. 

Groundwater is an essential resource of our planet, ensuring drinking water for about 2 billion people. Although 
the calculation of this “invisible” resource in different kinds of rocks could be a complicated task,  many 
authors agree that groundwater represent 98-99% of the fresh water resources of the continents (Zektser & 
Everett, 2004). Groundwater is therefore a valuable resource throughout the world. Where surface water, such 
as lakes and rivers, is scarce or inaccessible, groundwater supplies many of the needs of people everywhere. 
However, groundwater is characterized by two variables: storage and flow (Margat and Gun, 2013), and only 
the latter ensures sustainable exploitation of this resource. Total groundwater abstraction on our planet is 
now reaching almost 100 km3/year, most of it utilized in Asia (70%) and in North America (15%) (cited from 
Margat & Gun, 2013, database of IGRAC, AQUASAT, EUROSTAT). Of the total amount extracted, 70% is 
utilized for irrigation, 21% for drinking water supply, and the remaining 9% is abstracted for industrial or 
mining purposes. Some global irrigation inventory estimates that around one hundred million groundwater-
irrigated hectares exist in the world, which is 39% of the total irrigated area. Therefore, in many countries 
the agriculture sector is by far the largest groundwater user. For instance in China four-fifths of grain harvest 
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comes from land irrigated principally by surface waters; in contrast, in India 60% of irrigation water comes 
from the ground. 

Discussion

Groundwater is a mostly renewable resource, but it is not everywhere and it is not unlimited. The projection of 
changes in groundwater recharge as a result of CC has been made on the basis of several different hydrological 
models (Döll & Fiedler, 2008; Treidel et al. 2012). Forecasting shows that in the next fifty years recharge of 
aquifers in the Northern Hemisphere could be stable or will slightly increase, but in the Southern Hemisphere 
it may decrease by 30 and up to even 70%. 

Today some 18 countries containing half the world’s people are over-pumping their aquifers (Brown, 2012, 
2013). Among these are the three big grain producers – China, India and the USA, as well as several other 
populous countries, including Saudi Arabia, Yemen, Iraq, Syria, Iran, and Pakistan. During the last couple of 
decades, several of these countries have over-extracted to the point that aquifers are being depleted and wells 
are going dry.

In the North China Plain, the average drop in the groundwater table has reached 3 m/year. According to 
the World Bank in the area of the capital Beijing, drilling now has to be five times deeper than 20 years 
ago. “Catastrophic consequences for future generations” are envisaged in this report, if no other options and 
alternatives are found (Brown, 2013). In India, due to the absence of restrictions in drilling, it is estimated that 
more than 20 million wells of different depths exist (Brown, 2013). The World Bank claimed in its report that 
175 millions Indians produced their crops with the unsustainable use of water. Groundwater withdrawals in 
the United States have increased dramatically during the 20th century—more than doubling from 1950 through 
1975 (USGS, 2013). Konikow (2013) stated that in the High Plains-Ogallala aquifer (Nebraska-Texas and a 
few other states, covering 450,000 km3), the total net volumetric depletion is estimated in the range of 340 km3 
during the last hundred years (1900-2008). Such substantial pumping of the High Plains aquifer for irriga tion 
since the 1940s has resulted in large water-table declines (exceeding 50 m in places). An even worse case is 
in the neighbouring Texas aquifer: a regional cone of depression centered near the city of Kingsville has been 
observed to deplete historically by approximately 76 m (Konikow, 2013). 

To become self-sufficient in wheat after the oil export embargo in 1973, the Saudis developed a heavily 
subsidized irrigated agriculture based heavily on pumping water from fossil aquifers (Brown, 2013). Today, 
after the introduction of many remedial measures including desalinization of sea water for aquifer recharge, 
aquifer are still almost dry. Yemen is pumping around 2 km3/year of groundwater, of which around 90% is 
used in irrigation. Significant water table depletion is present and water tankering is widely applied (Burke & 
Moench, 2000). In Northern Iraq forced groundwater utilization for irrigation purposes as well as for the water 
supply of fast growing urban areas has caused regional drawdown of many aquifers (Stevanović & Iurkiewicz, 
2009). The largest Syrian spring and one of the largest in the Mediterranean karst, Ras el Ain no longer exists 
having dried out due to forced pumping for irrigation of cotton fields on the Turkish side of the border. In Iran, 
a country with 77 million people, grain production dropped 10% between 2007 and 2012 as irrigation wells 
started to go dry. One-quarter of its current grain harvest is based on over-pumping (Brown, 2013). Pakistan, 
with a population of 182 million that is growing by 3 million per year, is also heavily mining its groundwater.
In some other countries, such as Northern Africa (Algeria, Tunisia) or South America (Mexico, Argentina), 
there was also heavy depletion of some aquifers, which in coastal areas is followed by sea water intrusions. In 
some other economically poor countries such as Northern Somalia, groundwater depletion is also evident but 
still undeveloped irrigation techniques and a shortage of funds prevent further deterioration of aquifer systems 
(Stevanović et al., 2012). In the European south the situation is still under control because due to recent 
regulations the main consumer, irrigation, is fully restricted to the use of surface water (Dimkić et al., 2007, 
Stevanović, 2011). However, some recent projects such as CCWaterS (Climate Changes and Impact on Water 
Supply) indicate possible future reduced recharge and large depletion of groundwater in the most vulnerable 
karstic and alluvial aquifers of SE Europe (Ristic Vakanjac V., 2012; Stevanović, 2012).
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Given the vital importance of groundwater to human wellbeing and ecosystems, improved understanding 
of groundwater system behaviour in uncertain futures is required (Green et al., 2011). Climate change will 
definitely modify water demands and water use, which in turn will certainly further affect aquifer systems 
and their exploitation. Nevertheless, it is expected that in many increasingly water-scarce areas around the 
world, dependency on groundwater will increase since the storage of groundwater provides a kind of buffer 
and is more resilient than further diminishing surface water resources (Margat & Gun, 2013). Custodio (1992) 
and Burke & Moench (2000) suggested evaluating over-extraction not in the annual balance of recharge and 
abstraction; “rather, it needs to be evaluated over many years, as the limit between non-renewable stock and the 
stock that is replenished by contemporary recharge from surface percolation is usually unknown.” Therefore, 
with careful management groundwater would remain the main water supply source even under the changed 
climate in our environment.  

Conclusion

Groundwater scarcity is recognized increasingly as a global concern and under predicted climate changes, 
whatever the scenarios are, more attention must be paid to its extraction. What are the solutions to control 
groundwater use but at the same time meet basic human and environmental needs, prevent over-extraction 
and mitigate negative consequences of climate changes? The answer lies in these three terms: sustainable use, 
monitoring, and engineering regulation measures. Drilling of “humanitarian” wells could even be extended, 
but only after a feasibility assessment. It may take many years for water to accumulate in aquifers to levels 
which are viable for economic extraction.

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Abstract

Typically, many water resources planning and engineering systems are designed based on Intensity-Duration-
Frequency (IDF) curves derived for each region. Inadequacies may prevail if engineers fail to take account of 
the impacts of climate change on IDF curves derivation processes. Therefore, there is a need to modify current 
IDF curves considering climate change. This paper presents a methodology to derive IDF curves under climate 
change for Tehran city (Iran) as a case study. In doing so, the output of climate model IPCM4 under B1 and 
A2 scenarios, are downscaled by Lars-WG model and IDF curves are then derived by empirical methods. 
Results indicate 15% and 5.7% rise in IDF curves under B1 and A2 scenarios, respectively relative to base 
period. Presented methodology efficiently helps designers to incorporate future climate variability effects into 
their designs. This may in turn decrease the probability of systems failure due to dramatic changes in climate 
conditions.

Keywords: IDF curves, Climate change, Water resources systems, Climate models
 
Introduction

The changes of temperature and precipitation patterns have altered the normal Earth’s hydrologic cycle 
(Tarrana et al 2011). The Projections from climate models suggest that the probability of occurrence of intense 
rainfall in future will increase due to the increase in greenhouse gas emission (Mailhot and Duchesne, 2010). 
Since the Hydrologic design of stormwater management systems are typically performed based on specified 
design storms derived from the rainfall intensity-duration-frequency (IDF) estimates, the probable changes 
in IDF curves need to be investigated as a result and the failure to do so may lead to the use of inappropriate 
data which would in turn lead to malfunctions of the infrastructure systems. On the other hand Possible 
changes may demand new regulations, guidelines for stormwater management studies, revision and update 
of design practices and standards, or retrofitting of existing infrastructure or even constructing additional 
ones (Prodanovic and Simonovic, 2007). As mentioned above climate change could lead to change in IDF 
curves so assessment of the impact of climate change on IDF curves can help to design more efficient urban 
drainage systems. Global scale climate variables are commonly projected by Coupled Atmosphere-Ocean 
Global Climate Models (AOGCMs) to provide a  numerical representation of the climate system based on 
the physical, chemical and biological properties of their components and feedback interactions between them 
(IPCC, 2007). The use of GCMs is popular but because of their low resolution they could not be use directly 
in climate change studies so different methods have been developed to convert these low resolution outputs 
to ones with higher resolutions. One of these Methods is Statistical Downscaling at daily output resolution. 
Studies have been conducted to convert daily precipitation to IDF curves. Bell (1969) proposed the following 
depth- duration – frequency formula:

      = [0.21 ln T + 0.52][ 0.54t0.25 - 0.50]                                   (1)
                  
For 2 ≤ T (years) ≤100 & 5 ≤ t (min.) ≤ 100

in which,       = T-year and t-hour rainfall depth in inches and       = 10-years and 1-hour rainfall depth in 
inches.  

T
tR 10

1R

T
tR 10

1R
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Baghirathan and Shaw (1978) made rainfall depth-duration-frequency studies for Sri Lanka. Chen (1983) 
provided a general relationship for rainfall intensity in U.S.A. Raudkivi of New Zealand presented regional 
relationship on IDF in 1979. All these authors used Bell’s equation in their studies. Yu et al. (2004) developed 
regional Intensity–Duration–Frequency (IDF) formulae for non-recording sites of northern Taiwan based on 
the scaling theory using annual maximum rainfall series for various durations. The hypothesis of piecewise 
simple scaling combined with Gumbel distribution was used to develop the IDF scaling formulae. In this 
paper a comparison between IDF curves for the period 1971-1990 and two set of IDF curves for the future 
projection (2046-2065) are carried out. The future IDF curves are obtained from two emission scenarios A2 
and B1 by employing IPCM4 model(general circulation model) and Long Ashton Research Station Weather-
Generator model(downscaling model) and Ghahraman formula that has been developed to convert 24 hourly 
precipitation to IDF curves in Iran.

Methodology

Study Area and Climate Model Scenarios

This study is about the impact of climate change on IDF curves in a catchment of the 22nd municipal district of 
Tehran, Iran (Figure 1).

Figure 1: Administrative districts of Tehran (Municipality of Tehran, 2009)

The catchment under investigation is depicted in Figure 2. It is about 180 hectares in area and consists of 
residential and commercial areas, green land and wasteland with about 55% imperviousness and it is bound at  
latitude and  longitude. Recorded daily precipitation data for 1971-1990 from Mehrabad meteorology station 
is used as base period in this study. To simulate future precipitation, the IPCM4 model under two emission 
scenarios A2 and B1 has been used. The choice of scenarios was made based on the regions characteristics 
where the main assumptions of the two emission scenarios are:

A2: a very heterogeneous world with continuously increasing global population and regionally oriented 
economic growth that is more fragmented and slower than in other storylines.

B1: a world in which the emphasis is on local solutions to economic, social, and environmental sustainability, 
with continuously increasing population (lower than A2) and intermediate economic development.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 2: The investigated catchment

Downscaling 

Because of low resolution of GCMs outputs, downscaling models have to be utilised in local studies. In this 
study LARS-WG model has been used as downscaling model. LARS-WG is a stochastic weather generator 
which can be used for the simulation of weather data at a single site under both current and future climate 
conditions (Semenov et al 2002). The first version of LARS-WG weather generator was developed in Budapest 
in 1990 as part of Assessment of Agricultural Risk in Hungary, a project funded by the Hungarian Academy 
of Sciences (Racsko et al, 1991). A new version of LARS-WG incorporates predictions from 15 GCMs used 
in the IPCC AR4 (Solomon et al. 2007). This model produces synthetic daily time series of maximum and 
minimum temperatures, precipitation and solar radiation. LARS-WG has been tested in diverse climates and 
demonstrated a good performance in reproducing various weather statistics including extreme weather events 
(Semenov et al 2012). Since output of LARS-WG is daily precipitation a method has to be adopted convert 
daily data to IDF curves. 

Intensity-Frequency-Duration Curves

Rainfall intensity with different frequencies is needed for many hydrologic models. Rainfall intensity–duration–
frequency relationships (IDF) have been investigated for different regions using previously recorded data. A 
research conducted by Ghahraman et al 2005 in Iran suggested the following formula for different regions:

                                        (2)

where A, b,α1,α2,α3 are constant coefficients  and could find from table 1 and 2.
      = T-year and t-hour rainfall depth in centimeters and        = 10-years and 1-hour rainfall depth in centimeters.

Table 1. Constant Coefficients
  B   A Duration(HR)

0.4952 0.1299 1 ≥ t 
0.4778 0.1372 2≥t 
0.4361 0.1589 9≥t 

[ ] 60
1 2 3 10ln( )T B

tR At T Rα α α= + −

[ ] 60
1 2 3 10ln( )T B

tR At T Rα α α= + −T
tR
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Table 2. Constant Coefficients
   Duration(HR)

    > 2                       ≤2                           
Parameter

0.5666 0.4608 α1

0.1948 0.2349 α2

0.8 0.6 α3

To determine        they divided Iran to six areas and assigned a relationship to each area. Noting that Tehran 
is located in region 2,       is determined using the relationship       = 9.99 + 0.212(         ) where         is mean 
maximum daily rainfall. 

Figure 3: Iran’s schematic rainfall regions divisions

Results and Discussion

Upon processing and sorting the data and preparation of the input files, data analysis was carried out by 
LARS-WG and thus the calibration of the data was performed. Model was then run for the base period and 
R-Square, Root Mean Square Error and Mean Absolute Error were used to evaluate output data. Table 3 shows 
representative results.  

Table 3. Statistical parameters

LARS-WG
R2        RMSE MAE
0.93 3.99 2.72

Higher figures of R-square and relatively lower amounts of Root Mean Square Error and Mean Absolute 
Error imply appropriateness of LARS-WG model in the present study area. After ensuring the proper function 
of LARS-WG in the study area, the scenario files for the two chosen emission scenarios were prepared and 
model was run for both and eventually daily precipitation data were obtained for the 2046-2065 period. The 
Ghahraman relationship was used next for these daily data to extract IDF curves. In order to use the Ghahraman 
relationship for the base period in A2 and B1 Scenarios, the coefficients A and B, were determined based on 
table 2 and the coefficients α1,α2 and α3 were determined based on table 3. Table 4 shows the amount of these 
coefficients.

[ ] 60
1 2 3 10ln( )T B

tR At T Rα α α= + −
[ ] 60

1 2 3 10ln( )T B
tR At T Rα α α= + − 10

60P 2
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Table 4. The amount of coefficients in Ghahraman relationship
A      B    α1   α2     α3

   0.1589    0.4361   0.5565    0.1948    0.8

Also the amounts of          for the base period and A2 and B1 scenarios have been determined and presented 
in table 5.

Table 5. The amount of           in different scenarios
Base period A2 Scenario B1 Scenario
         24.6    28.8          35.1

Figures 4, 5 and 6 show IDF curves with 2, 10 and 100 years return periods for 6 hours precipitation duration 
for the base period,  A2 and B1 scenarios respectively. Based on these figures essentially rainfall intensity 
will likely increase in 2, 10 and 100 years return periods in both climate change scenarios relative to the base 
period.

Figure 4: 2 Years return period for 6 hours precipitation duration (Base period, A2 and B1 Scenarios)

Figure 5: 10 Years return period for 6 hours precipitation duration (Base period, A2 and B1 Scenarios)
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Figure 6: 100 Years return period for 6 hours precipitation duration (Base period, A2 and B1 Scenarios)

Conclusion

This study has undertaken an assessment of the impact of climate change on IDF curves in an urbanised 
catchment of Tehran city. Climate change has been modeled by IPCM4 model and LARS-WG model has 
been used to downscale the results. Since time series precipitations obtained from LARS-WG are in daily data 
format it was necessary to convert these to IDF curves for which an empirical method was used. In this study 
Ghahraman’s relationship has been used to convert daily precipitation to IDF curves. Obtained results show 
that the B1 scenario for the period 2046-2065 relative to 1970-1990 indicates an increase in rainfall intensity 
of about 15% whereas this increase is about 6% for the A2 scenario. 

Based on climate model simulations with different Future greenhouse gas emission scenarios, IPCC (2007) 
concluded that it is very likely that (defined as more than 90% likelihood) worldwide increase in the frequency 
of extreme rain storms as a result of climate change will continue in the 21st century. So the obtained results 
from this study are reasonably in line with the IPCC general predictions.
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Abstract

Dynamical downscaling is widely accepted approach in climate research for obtaining spatial and temporal 
high-resolution climate data sets (Zang et al., 2009, Heikkila et al., 2010, Soares et al., 2012). This data can be 
of great importance for different studies in hydrology, agriculture, forestry and many others environmental and 
socio-economic sectors. Horizontal resolution of reanalysis data, such as ERA40 (Uppala et al., 2005), is often 
too low for applications over sub-regional and local scales as a small watersheds or cultivated areas, whose 
climate can be significantly determined by local conditions. On the other hand, use of observed data set for 
this kind of a research can be limited by absence of quality, long-enough and homogenized time series over the 
area of interest. Also, constraint in observed data set can be lack of some variables, such as surface radiation, 
soil wetness and many others. In this situation, dynamical downscaling with high-resolution regional model 
can be reasonable solution for generation of required data. In this study we will present results of downscaling 
of ERA40 reanalysis using nonhydrostatic NMMB model to 8km horizontal resolution for period 1971-2000 
over Serbia.

In recent years, the unified Non-hydrostatic Multi-scale Model (NMMB) developed at NCEP (Janjic, 
2005; Janjic et al., 2011), has been used for a number of operational and research applications in Republic 
Hydrometeorological Service of Serbia (Djurdjevic et al., 2013). The NMMB can be run as a global and 
as a regional model. The main characteristics of the model dynamical core are that horizontal differencing 
preserves many important properties of differential operators and conserves a variety of basic and derived 
quantities including, energy and enstrophy. Model also includes the novel implementation of the nonhydrostatic 
dynamics (Janjic et al., 2001). Two different radiation and two different land surface packages are available. 
The regional version of the NMMB recently replaced the WRF NMM as the main NCEP’s operational short 
range forecasting model for North America (NAM).

Model performance is verified using standard verification scores over territory of Serbia against data from 
national observational network. Also, model results is compared with gridded observation data EOBS (Haylock 
et al., 2008) and CARPATCLIM (Szalai et al., 2012) with 25km and 10km resolution respectively, ERA40 
reanalysis and results of downscaling of same reanalysis with same regional model but on lower resolution 
of 15km. Preliminary results shows that model is capable in reproduction of observed climate characteristics 
on level comparable with results of other similar experiments performed with state of the art regional climate 
models (Heikkila et al., 2010, Soares et al., 2012). Mean annual bias of mean daily temperature is about 0.1°C 
and mean annual bias of mean daily precipitation accumulation is about -0.2mm/day. Especially interesting 
fact is that 8km high-resolution run results do not show negative bias in monthly precipitation accumulation 
during summer months in northern part of Serbia, common to many regional climate simulations (Hagemann 
et al., 2004, Ruml et al., 2012), probably due to high-resolution convective permitted model resolution, which 
enables better representation of summer heavy precipitation episodes. Even more, over some regions of 
Serbia, in comparison with EOBS gridded observations, model shows better results in terms of mean annual 
precipitation accumulation. Based on these results, we believe that this downscaled data set will be of great 
benefit to many other environmental disciplines and related research in field of climate and climate change.

Keywords: Regional model, downscaling, climate
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StOchaStic mOdeling Of time SerieS Of mean annual 
diScharge in the 21St century: caSe Study Of the river ibar 
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Abstract

A modelling procedure for time series of mean annual discharge based on analysis of the internal stochastic 
structure of the considered process and extrapolation of a future pattern is presented in this work. The underlying 
assumption is that time series of mean discharge are unsteady random processes comprised of deterministic and 
stochastic components. Deterministic processes are viewed in the form of a trend, periodic function or cycle, 
as autoregressive dependencies. The stochastic component is a random variable characterized by statistical 
parameters, which adheres to a distribution law. 

Approaches to the identification of deterministic and stochastic components in time series of mean annual 
discharges are discussed in this paper. A trend analysis was conducted applying the non-parametric Mann-
Kendell test, while the significance of the linear trend in a series of average annual discharges was assessed by a 
modified Kendall-Stuart test. The LOESS smoothing method was applied to facilitate uncovering of the macro 
periodic component in the time series of mean annual discharges. The periodicity was defined using a discrete 
spectrum (periodogram), which computed the intensities of periodicity at accurately defined frequencies. The 
significance of the identified periods was assessed by Fisher’s test and a cumulative periodogram with a pre-
defined level of the overall intensity of periodicity. The Bartlett’s test was applied to assess the autocorrelation 
components of the structure of the mean annual discharge process. 

Modelling of a time series of mean annual discharges in a future period of time is comprised of extrapolation of 
an identified trend, together with its deterministic and random components (i.e. their superposition), whereby 
harmonic analysis is used to extrapolate macro periodic components solely for significant periods with 
corresponding amplitudes and phase shifts. Micro periodic components are also extrapolated using harmonic 
analysis or an autoregression (AR) type model. The random component is extrapolated by a moving average 
(AM) model.

The proposed procedure was applied in practice to model a time series of mean annual discharge of the Ibar 
River at the Lopatnica Lakat gauging station. Data from 1948 to 2012 were used to identify the parameters and 
the time series of mean annual discharges was extrapolated for the period from 2013 to 2100. The calculation 
results are represented graphically. Only statistical parameters at various points in time are given in tabular 
form.

Introduction

Systemic measuring of the discharge in the modern era began quite late. The largest time series of the river 
discharge are available in Europe, but they don’t exceed 200 years (Probst and Tardy 1987). The measurements 
of the meteorological values such as precipitation and temperature are quite old. Multiyear fluctuations of 
hydrological and meteorological values occupy the hydrologists and climatologists in these areas since the 
beginning of the 20th century. Lately, in the era of increasing global air temperatures on Earth and the accelerated 
emission of the greenhouse gases, it is inevitably to raise questions about the state of water resources under the 
influence of these meteorological changes. The basic questions that scientists answer are if there is some trend 
in the annual values   of the discharge and if there is some change in the characteristics of long-term cycles of 
discharge, such as the period of oscillation, amplitude and phase shift. 

The changes of the annual values of discharge in the last decade can be connected with the potential influence 
of the climatic changes. However, there are other natural factors that affect the variability of discharge and 
may increase its changes. Hydrologists and climatologists are focused on the relation between precipitation, 
flow and large oscillations of the atmospheric pressure above the oceans. A typical representative is El Nino-
SO (Southern Oscillation) across the Pacific (Rodriguez-Puebla et al., 1998) and NAO (North Atlantic 
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Oscillation) across the Atlantic Ocean (Hurrell, 1995; Stephenson 1999; Stephenson et al., 2000). Changes of 
the atmospheric pressure affect large areas and affect the transport of precipitation over the adjacent continents.

The theoretical basis of the time series modelling using the theory of random processes

In the base of the theory of stochastic processes is that each stochastic process or random function can be 
decomposed into its basic components:

• deterministic – as a jump, i. e. a linear or nonlinear trend
• cyclic – as a sum of periodical components, presented in the form of sine and cosine functions with 

different amplitudes, periods and phase shift
• random – it doesn’t have any deterministic characteristic (when examined its internal structure), and it has 

a mean value around zero and its dispersion σ2.

In the process of forming a computational procedure for modelling stochastic time series, previously it is 
necessary to analyse selected time series in detail, for the detection and delineation of its basic components.

For the revealing of the deterministic components we used the procedures presented in the references (Prohaska, 
Hydrology III – draft). Concretely, in the considered time series X(t), where t = 1, 2, 3 .... N, is made the 
identification of a linear trend T(t) and evaluated its statistical significance. If it turns out that the linear trend 
in the basic time series X(t) is statistically significant, we remove it from the basic time series and put it on 
the state of multiyear average T(N) of time series X(t) in the last N-period according to the procedure shown 
previously in the references. In this way we get a new time series X’(t) released of trend:

X’(t) = X(t) – T(t) + T(N) (1)

This new series X’(t) that we have just created is being subjected to further stochastic analysis in order to find 
the possible existence of cycles in the time series, i. e. for the defining of periodical components. First of all, 
we calculate autocorrelation function RX’(τ) of the newly formed time series X’(t), where τ is the time step 
which takes the value τ = 1, 2, 3, ... (N-30). The statistical significance of the obtained autocorrelation function 
is being evaluated using the test of Anderson (Prohaska, 2013). If it turns out that the autocorrelation function 
is statistically significant at the confidence level 1–α, where is usually taken to be α = 0.5, the null hypothesis 
is accepted with a probability of 95%. Further on, we analyse graphically the shape of the autocorrelation 
function, that may indicate that the function is smooth for a longer period of time step τ, or complex (abrupt 
and of lower intensity), which in this case indicates that the time series X’(t) exist secondary (short-term – 
micro) and primary (long-term – macro) cyclically-periodical components. In natural hydrometeorological 
processes the experience has shown that predominate the complex autocorrelation functions.

In order to eliminate the effects of cyclical components the newly formed time series X’(t) is subjected to the 
process of mitigation (smoothing) using the LOESS procedure (Stojkovic et al., 2012). In this way we get 
the new time series            that is the base for the definition of the macroperiodical components of the basic 
time series X(t), i. e. the newly created time series X’(t). Concretely, it has done a calculation of the discrete 
spectrum in order to detect significant periods Ti and to define the corresponding Fourier’s coefficients Ai and 
Bi, where i = 1, 2 ..... k, and k is the total number of significant periods in the newly created time series X’(t). 
For testing and selection of relevant periods we use the procedure presented in the references (Prohaska, 2013).

Furthermore, with the known parameters of selected significant periods we define the summary deterministic 
component in the newly created time series X’(t), i. e. in the primary time series X(t) as a sum of periodical 
component, represented by the sum of k significant harmonics and identified linear trend T(t), i. e. the summary 
deterministic component in the primary series         is:
 
                                       (2)

The difference between the basic time series X(t) and the summary deterministic component          is the 
residual of the first type δ X(t):

)(~ tX  = T(t) + )2sin2cos(
1

t
T

Bt
T

A
i

i
i

k

i
i

ππ
+∑

=

 

)(', tX Loe

)(~ tX

)(~ tX



57

δ X(t) = X(t) -                                              (3)

The residual of the first type is then subjected to the analysis of its stochastic structure in order to check the 
autocorrelation dependence of the members of time series δ X(t), i. e. to check the existence of periodical 
components in that series. Exactly the same procedures are used as in the basic series X(t). In the first place is 
tested the statistical significance of the autocorrelation function of the residuals of the first type δ X(t) using 
the test of Anderson. If the autocorrelation function of the residuals of the first type δ X(t) is statistically 
significant, it means that in the basic time series X(t) there are “residuals” of some secondary deterministic 
components which may be of cyclic or autoregressive character.

If the shape of autocorrelation function of the residuals of the first type is periodical, it means that in the 
primary series after the elimination of macrocyclical components “remained” microcyclical component. The 
revelation of microcyclical components in the residuals of the first type δ X(t) is done by the calculation of the 
discrete spectrum. By analogous procedure is done the identification of significant periods of microcyclicality 
Өj and the calculation of the Fourier’s coefficients αj and βj, where j = 1, 2, ... q, and q is the total number of 
significant components of microcyclicality. After that, for identified significant periods of microcyclicality is 
calculated summary deterministic component in the residual of the first type δ X(t) in the form:

 (4)

After the identification of a deterministic component in the residual of the first type, total summary deterministic 
component in the primary series X (t) is defined by the following equation:

     (5)

In that case, the residuals of the second type              are obtained as the difference between the primary 
random series X(t) and the total summary deterministic component            in the form:

 (6)

In case that the form of the autocorrelation function of the residuals of the first type is exponential, it means that 
in the primary series after the elimination of macrocyclical components “remained” the part of the deterministic 
component, that can be approximated by the autoregressive (AR) linear model of p order in the form:

 (7)

where                            are parameters of the AR (p) model,  ɑ(t) – an independent impulse, i. e. a random 
number (“white noise”), that has its mean value zero and constant variance      .

In this case, after the identification of the part of the deterministic component in the residual of the first type δ 
X(t) of the basic time series X(t), the total summary deterministic component can be shown by the following 
equation:

(8)

In this case, the residuals of the second type                    are calculated by the formula:

(9)

This procedure is repeated on the residuals of the second type, including the higher order K, which takes 
values j = 1, 2, 3, ... K, until we get the statistically insignificant autocorrelation functions and until the spectral 
functions of the residuals become nearly horizontal lines. In this case is confirmed that members of residuals 
of considered order are random numbers, what is the ultimate aim of this analysis.
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In this concrete case, these residuals of Kth order                          , which in essence represent the stochastic 
component of basic time series X(T), can be reproduced by model of moving average MA(s) in the form:

  (10)

By superposition of all structural components of the considered time series X(t): trend, a deterministic 
component of the first, second to the kth order and the stochastic component, we get a unique equation that 
can be used to simulate the time series in the future, or to create generated synthetic time series of the desired 
length. In this way, the basic equation for the simulation and generating time series is:

                                                                                                                                             (or)
(11)

The equation written above refers to the time series X(t) which by its internal stochastic structure can be 
reliably described with deterministic and stochastic component to the level of residues of the first type.

It should be noted that during the practical application of the above equation for simulation, i. e. for generating 
time series X(t), is important the assumption of the constancy of all parameters: the identified trend in a series, 
the periodical and linearly regressive components, as well as the stochastic components.

As a criterion for the evaluation of the quality of consent of observed time series X(t) and of modelled series                                      
  is being used the correlation coefficient (r) between mentioned series and the Nash-Sutcliffe’s 
coefficient (E). The correlation coefficient (r) defines a linear dependence between the observed and modelled 
values   and it ranges from 0 to 1. Modelling is considered satisfactory if the range of correlation coefficient is 
0.86  r  0.6. Modelling is considered good if r  0.87. Nash-Sutcliffe’s coefficient (E) represents the percentage 
of explained variance of a modelling series in total variance of observed series and it is calculated using the 
formula:

 (12)

where is:

          – average multiyear value of the observed time series X(t),

N – total number of members of the observed time series X(t).

The coefficient E is in the range from - ∞ to 1, which means that as this modelling closer to 1, modeling of time 
series is more successful.
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Application of the computational procedure for generating time series of mean annual discharge of the 
river Ibar

As it is already mentioned in the previous chapter, the base of the computational procedures for generating 
a time series is an equation (11), according to the shown order of identification and synthesis of particular 
structural components (deterministic and stochastic) of the considered random time series X(t).

Procedures for the identification of parameters of structural components of time series X(t) are functioning 
separately, as follows.

First we have to identify a trend, in this case a linear trend, based on the available time series X(t) from period 
t = 1,2, ...., N, and its extrapolation for the next desired period of generating of the series for a period of time t 
= (N +1) (N +2) ........ (N + P), where P is the last period of time to do the generating of the primary time series 
X(t). After that, from the primary time series is being subtracted the value of the trend T(t) and we get a new 
series X’(t) released of trend, whose autocorrelation function indicates the possible (non) existence of cyclical 
component, i. e. of other deterministic component of autoregressive type. In the case of visual detection of 
the cyclical component with elements of macro- and microperiodicity, by LOESS method we do the same 
mitigation in order to identify significant macro period Ti, i. e. to define the parameters – Fourier’s coefficients 
Ai and Bi (i = 1,2, ... k), using the calculation of discrete spectrum.

By the superposition of linear trend T(t) and the microperiodical component, as defined by equation (x), we 
calculate summary deterministic component           in the primary series. The difference between the primary 
random time series X(t) and summary deterministic component          is the residual of the first type δ X(t).
The autocorrelation function of the residuals of the first type indicates the (non) existence of a microcyclical 
component in the primary series X(t). 

In the case that the microcyclical component exists, by the calculation of discrete spectrum we do the 
identification of parameters of microperiodical components in the primary series, precisely, of its periods Өj 
and Fourier’s coefficients αj and βj, where j = 1,2, ... q. By the superposition of the summary deterministic 
component         and the microperiodical component in the residuals of the first type we get a new summary 
deterministic component            defined by equation (5). If in the autocorrelation function of the residual of 
the first type δ X(t) doesn’t exist a cyclical component, but it is statistically significant, for defining of the rest 
of the deterministic component we use a linear autoregressive model AR to define the parameters   i, where i 
= 1,2, ... p. After the superposition of deterministic components: the linear trend, macroperiodical component, 
microperiodical component or component of the autoregressive linear model (AR), we get a total deterministic 
component                   in the primary time series X(t). The difference between these two time series is the residual 
of the second type                , on which further applies the same procedure of identification of the remained 
part of the deterministic component in the primary time series X(t). The procedure is repeated until we get the 
statistically insignificant autocorrelation function, and at the same time it doesn’t possess any indication of 
cyclicity, i. e. until we get a residual that in essence is a “white noise”. This time series is furthermore modelled 
by the moving average model (MA), i. e. we search for the parameters of the model Θj, where j = 1, 2, ... K.

With the known parameters of all identified deterministic and random components in the primary time series 
X(t) (linear trend, macro- and microperiodical components, linear autoregressive part (AR) of the deterministic 
component and random part (MA)), computation and generating of new time series is performed using equation 
(11). In this case, for the modelling of the primary and secondary periodicity was used the spectrum of smooth 
mean annual discharges and the spectrum of residuals. The series of random numbers are used for the generated 
random components, which are obtained by using a random number generator, with the fulfilled conditions that 
the random variable a(t) obeys N (0, σ = 1). 

Practical application of shown procedure for generating random time series X(t) is performed for the case of 
generating a series of annual mean discharge of the river Ibar in the gauging station Lopatnica Lakat till the 
end of the 21st century. 
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The results of trend testing in a series of annual mean discharge of the river Ibar are presented in table 1.

Table 1. The trend of the mean annual discharges by Kendall-Stuart and the Mann-Kendall test
No. Station: Mark: β: s: p%

Kendall-Stuart test Mann-Kendall test
1 Lakat Qsr |0.013| -0,092 155 61.25

The linear trend by the Kendall-Stuart test is significantly decreased, and non-linear trend by the Mann-Kendall 
test has a probability of 61.25%.

In the table 2 are shown the parameters of the elaborated procedure for generating a series of annual mean 
discharge for all significant periodical components (macro and micro), autoregressive-deterministic and 
random components. The order of appearance of the parameters of periodic components is by the statistical 
significance, while the parameters for the random component are given in the chronological order.

Table 2. Parameters of periodical and random components of the model for generating the series of mean 
annual discharge at the gauging station Lakat (r. Ibar)

River Gauging 
station

Component
Periodical

Random
Macro Micro

Range of 
significance

Parameters Range of 
significance

Parameters
grade ΘjTi Ai Bi Ti αj βj

Ibar Lopatnica 
Lakat

3 21.67 -7.89 4.39 18 3.61 7.74 1.25 j-1 -0.0548
6 10.83 -4.06 -2.34 25 2.60 -2.47 -6.21 j -2 -0.2373
1 65 3.01 3.38 27 2.41 5.94 0.158

j -3 -0.4610
5 13 -2.92 -0.65 8 8.13 3.80 -3.38

From the table 2 it can be concluded that the macro component of periodicity of smooth discharge has the most 
important period of oscillation of about 22 years, while also significant are periods of about 11,65 and 13 years. 
Micro periodicity is characterized by periods in intervals of 2.6–8 years.
 
A series of smooth average annual discharge is modelled using 32 harmonics. To determine the significance of 
harmonics we use the relative cumulative periodogram (RCP) with a grade of significance 90%. As significant 
are considered 11 harmonics (figure 1) and macro periodical component modelled by these harmonics.

Figure 1: The cumulative periodogram of smooth discharges (LOESS) with a significance level of harmonics 
LSH = 90%.

limit, p=5% :β
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The relative cumulative periodogram is calculated for a series of residuals of mean annual discharge. It shows 
a slight increase, and therefore is used a significance level of harmonics LSH = 70%. The microperiodicity of 
residuals was modelled using 14 significant harmonics (figure 2).

Figure 2: The cumulative periodogram of the residuals of the mean annual discharges with the significance 
level of harmonic LSH = 0.70.

The modelled series of mean annual discharges consists of a trend component, micro and macroperiodical 
component and a random component. Figure 3 shows a series of modelled discharges (Qm) of the river Ibar in 
the gauging station Lopatnica Lakat for the period of the year 1948–2012. In the same figure is placed a series 
of observed annual discharges (Q) and modelled macroperiodical component (Qp + Qt) with the trend of the 
mean discharge included.

Figure 3: Observed mean annual discharges (Q), modelled mean annual discharges (Qm), modelled periodical 
component with included linear trend (Qt + Qp) for the period of 1948–2012 and 2013–2100 year.

Nash Sutcliffe’s coefficient between the series of observed and modelled annual discharge is E = 0.921, what 
shows good coinciding of the models and measurement. The coefficient of linear correlation between these 
series is r = 0.965. Besides the presented historical series from 1948 to 2012, in figure 3 is shown the generated 
sequence of discharge for the period 2013–2100. Generating a series of discharge whose implementation is 
expected in the future is obtained with the assumption that the linear trend that is registered for the historical 
series extrapolates the future realization of the series. Micro- and macroperiodicity for the realization in the 
future is obtained with the assumption that registered cycles from the past are transmitted to the future.
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In the generated discharge series for the period 2012–2100 it can be noted that the periods with low water are 
expected in early 30’s, early 50’s and mid 70’s of the 21st century. Unlike these, the periods with excess water 
are expected to be in early 20’s and mid 80’s of the 21st century.

Conclusion

In this work is in the detail presented a methodology for generating a series of mean annual discharges, 
supposing that it can be considered a cyclical random process. Identification of the parameters of the applied 
methodology was done on the basis of the available time series for the period of year 1948–2012. The 
methodology is applied for the purpose of generating a series of annual mean discharges of the river Ibar till 
the end of the year 2100. According to this, the same stochastic characteristics of the structure of registered 
series are retained to be valid until the end of the 21st century. Based on these results it is evident that the trend 
of decreasing mean annual discharge will continue in the future. The average value of multiyear discharge, 
which in the observation period 1948–2012 is 56.2 m3/s, will decrease in the extrapolated period 2013–2100 
to 51.4 m3/s. This means that we expect the decrease of the multiyear average of discharge of the river Ibar in 
the gauging station Lopatnica Lakat for less than 10%. In the future it will be retained the cyclical character of 
changes in mean annual discharge with the evident appearance of several periods of dry and rainy years. The 
low water period is expected in early 30’s, early 50’s and mid 70’s of the 21st century. Unlike these, the periods 
with excess water are expected to be in early 20’s and mid 80’s of the 21st century.
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Abstract

The Niger river is one of the main river course in the Sahel and a vital resource for millions of people in West 
Africa who rely on it for fishing, irrigation, navigation and hydropower generation. A drastic decrease in mean 
river flow as well as a change in floods regimes have been observed at many stations along the river (e.g. IPCC, 
2007; Descroix et al., 2007).  These changes are the combined effect of persistent droughts, damming and 
increased consumptive water uses. Economic activities throughout the watershed and aquatic ecosystems in its 
two large deltas are sensitive to changes in floods and droughts regimes in the river. It is believed that climate 
change will also impact the hydrological regime of the river in the next decades and exacerbate existing issues. 
While decision makers and stakeholders are aware of the issue, it is hard to take action without a quantitative 
estimate of future changes. A SWAT (Soil and Water Assessment Soil) model of the Niger Basin at Koulikoro 
was successfully calibrated and validated. The Model was forced with the output of nine (9) regional climate 
models (RCMs) from the AMMA-ENSEMBLE experiment representing the IPCC climate change scenario 
A1B. A quantile-quantile transformation combined to nearest neighbor search was applied to the input data 
to correct biases in their distributions. It was found that the quantile-quantile transformation improved the 
simulation of both average and precipitation extremes and monthly flows. Results from some RCMs also 
suggest that both the 100 year flow and mean flow at Koulikoro will be lower during the 2020-2050 period 
compared to the 1970-2000 period. When all model projections were averaged, mean annual precipitation was 
projected to decrease while the total precipitation in the flood season (August, September, October) increased, 
driving the mean annual mean flow up by 6.9% (2026-2050), 0.9% (5051-2075) and 5.6% (2076-2100).
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Introduction

Climate change is actually a continuous process, but in the past the changes have ranged from the slow and 
gradual to the surprisingly fast and dramatic. Environmental isotopes, isotopes of light elements (hydrogen, 
oxygen, carbon, nitrogen, sulfur), are a powerful research tool in environmental sciences and their use in 
ecosystem research is increasing. This time our focus will be on isotopic composition of hydrogen (isotope 
ratio 2H/1H) and oxygen (18O/16O) in water/precipitation and carbon (13C/12C) in atmospheric CO2. Their natural 
abundance (isotopic composition) has been changed due to fractionation processes they are being involved and 
preserved their signature in natural archives.  The former provides a link to palaeoclimatic information such as 
local temperatures and precipitation rate, moisture source conditions, and the latter to biological, physical and 
anthropogenic processes in ecosystems (Ghosh and Bran, 2003). The isotopic composition of (13C and 18O) in 
carbonaceous of ocean or terrestrial sediments reflects climatic changes during the time of their genesis, e.g. 
with warming of the climate, the lamination of clays becomes more expressed (Gaigalas et al., 2001). These 
enable us to investigate the climate of past times in order to understand how the Earth’s climatic system works. 
Tree rings can be used to retrieve climate information for the last 10,000 years (Finne et al., 2011) whereas 
water in ice cores can go back in time up to 800,000 years (Berger, 2013). 

The aim of this work was to summarize the most evident historical records of variations in isotopic composition 
in samples of air, water and ocean or terrestrial sediments for reconstruction of past climatic changes.

Experimental

The relative abundance of stable isotope composition are relatively small in absolute terms but can be reliably 
measured with an adequate precision and accuracy by IRMS (Isotope Ratio Mass Spectrometry) using double 
inlet system or continuous-flow techniques. The heavy isotope content of the sample is defined as the relative 
deviation from the adopted international reference standards and usually expressed in delta notation (δ) in per 
mill (‰) 

where R is the ratio of the heavy isotope to the more abundant light isotope (2H/1H, 13C/12C, 18O/16O). The 
standard in used are V-SMOW (Vienna - Standard Mean Ocean Water, RH=0.00015576, RO=0.00200052) for 
hydrogen and oxygen contents, respectively (Gonfiantini, 1978) and PDB (Pee Dee Belemnite, R=0.0112372) 
(Craig, 1953). When delta value is negative, the analyzed sample contains heavy isotope species less abundant 
with respect to the reference standard, and vice versa. The more negative delta value is, the more “depleted” 
the sample is in heavy isotopes relative to the standard.  

( ) 1000sample standard

standard

R R
isotope deviation x

R
δ

−
=
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Results and discussion

Keeling’s high-precision measurements using an infrared (IR) gas analyzer of atmospheric CO2 are essential 
to the understanding of the carbon cycle budgets. The data documented for the first time that not only was 
CO2 increasing in the atmosphere, but also that it was modulated by cycles caused by seasonal changes in 
photosynthesis in the terrestrial biosphere and the global increase of atmospheric CO2. Nowadays, many 
international laboratories make atmospheric CO2 observations and worldwide databases of their measurements 
are maintained by the Carbon Dioxide Information Analysis Center (CDIAC, http://cdiac.esd.ornl.gov) and by 
the World Data Centre for Greenhouse Gases (WDCGG, http://www.wmo.int/pages/prog/arep/gaw/ghg.html) 
in the WMO (World Meteorological) Global Atmosphere Watch (GAW) programme. The increases in global 
atmospheric CO2 has passed 400 ppm since the industrial revolution (180 - 280 ppm) are mainly due to CO2 
emissions from the combustion of fossil fuels, gas flaring and cement production and land use changes such as 
deforestation and biomass burning (IPCC, 2007) (Fig. 1). 

Figure 1: Annual global CO2 emissions from fossil fuel burning and cement manufacture in GtC yr–1 (in 
black) and annual averages of the 13C/12C ratio measured in atmospheric CO2 at 3.4 km on the Mauna Loa 

volcano (Hawaii) for the period 1981-2002 (in red) (after IPCC, 2007)

13C/12C isotopic ratio in the atmospheric carbon dioxide (δ13C = –8.0 ‰) is higher than in the plants and 
depending on their metabolisms, C3 plants (Calvin-Benson, Calvin and Bassham, 1962) or C4 plants, (Hatch-
Slack, Hatch and Slack, 1970) ranging between δ13C= –22 to –35 ‰ and δ13C= –8 to –20 ‰, respectively. The 
trend of atmospheric CO2 rising from fossil fuels emissions is correlated with the decreasing of  13C/12C ratio 
(Fig. 1). 

The solubility of CO2 in the ocean decreases with increasing temperature and discontinuance of this circulation 
also has important implications for CO2 in the atmosphere. CO2 and air temperature records based on 
measurements made on ice up to 3 km in length from the Vostok Antarctica core and several new ice cores 
extended the CO2 record back to 800,000 years (Luthi et al., 2008) (Fig. 2). The transitions between glacial 
(cold) and interglacial (warm) periods involve changing circulation patterns in the North Atlantic Ocean is 
visible. Temperature is inferred from the 2H/1H ratio in the ice. If the temperature of the atmosphere rises, the 
content of 2H and the 2H/1H ratio in the ice increase, too.
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Figure 2: Atmospheric CO2 and temperature data derived from Antarctic ice core measurements. Arrows 
mark 100,000-year cycles. The Keeling curve is the vertical segment appended to the ice core data at the 

upper right (after Harris et al., 2010)

The δ18O and δ13C records of calcitic and phosphatic shells, mainly brachiopods with some conodonts and 
belemnites originating from five continents and a multitude of sedimentary basins demonstrate several major 
and some minor episodes of climatic changes during last 70 Ma (Fig. 3) (Veizer et al., 1999). The 

 Figure 3: Phanerozoic δ18O and δ13C trend in the world ocean derived from low magnesium calcite shells, 
believed to preserve the δ18O composition. Glaciation and cold times are marked.  The running mean is based 
on 20 Ma windows and 5Ma forward step. The shaded area around the running mean includes 68 and 95% of 

all measured samples, respectively (after Veizer et al., 1999) 
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Signal exhibits a long-term increase of δ18O from a mean value of about -8‰ (PDB) in the Cambrian to a present 
mean value of about 0‰ (PDB). The δ13C of ocean carbonate at any given time can show a considerable spread 
of values due to spatial variability of oceanic δ13C and due to biological factors present during shell formation. 
The observed peaks are of global significance and denote episodes of abrupt climatic change. The sudden drop 
in isotopic ratios (both for carbon and oxygen isotopes) denotes effects caused by warming processes. These 
episodes are marked by arrows indicating geological periods with high ocean temperature.

Conclusion

The analyses of stable isotope ratios of suitable samples are useful proxies for global environmental change 
specially in tracing back the history of the ocean-atmosphere-biosphere system for palaeo climatology archives 
and to provide an indication of how it might behave in the future. Milankovitch cycles that frequencies have 
indeed slowed down during the Earth’s history have confirmed by geological record preserved in deep-sea 
sediment cores. Studying contemporary isotopic change of natural compartments can help to identify sources 
and sinks for atmospheric trace gases what is vital within the framework of the Kyoto process for controlling 
CO2 emissions.
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Abstract

River basin Buzau has an area of   5264 km2 reception and a length of 302 km, accounting for 2.2% of the 
country. The altitude ranges from 1250 m in the mountains and 8 m at the confluence. The average slope of 
the basin is 4 ‰. Density river basin Buzau is 0.31 km / sqkm. Annual average flow of the river Buzău ranges 
from 1 m3/s  at 25 m3/s in Section Banita , keeping the same value to its confluence with the river Siret . Largest 
contribution is given by Bâsca Unită and other affluents (Buzău Izv. Ac; Buzău Ac Siriu Cf.Bâsca ) have a 
negligible contribution below 1 m3/s - average yearly . In this area can be highlighted low water resource areas, 
such as areas of Calmatui and Buzau at south of Ialomita, both located in Baragan Plain.

Assessment of ecological status and ecological potential for surface water was performed according to the 
Water Law  107/1996 as amended and supplemented, based on the methodologies of classification systems 
and comprehensive assessment of the status of surface prepared as required by the Water Framework Directive 
2000/60/EC.

The evaluation took into account the results obtained in 2012 compared with 2008, in the control of the surface 
water bodies with the monitoring program annually. The quality surface water  fluctuation was given by the 
following characteristics: pH, total suspended solids, COD, BOD, NH4+ , NO3- , NO2- and P.  A composite 
sample was collected two times per day and value presented in paper represent medium per day.
All the result indicates surface water quality. 

Keywords: quality surface water, Buzau River, characteristics

Introduction 

Unevenness of distributed water sources in Romania makes some areas to have no sufficient water resources, 
and the influence of climate change remains a key determinant of the quality of surface water.Water should be 
free of any microorganisms or substances which, in numbers or concentrations, constitute a potential danger 
to human health.

Requirements of Directive 2001/42/EC (European Parliament) on the assessment of certain plans and programs 
on the environment (translated by GD no. 1076/2004 on establishing the procedure for environmental 
assessment for plans and programs) requires periodic assessment of water bodies in the catchment.

Also, after the development of the National Plan of Management and the Management Plans of basin /
catchment areas (Management Plan SH Buzau-Ialomita), a number of central public administration authorities, 
autonomous authorities or other public authorities require to assess the ecological status of water bodies as an 
expression of quality of the structure and functioning of aquatic ecosystems associated with surface waters, 
classified in accordance with Annex V of the Water Framework. Directive (Directive 2000/60/EC of the 
European Parliament).

For surface water categories, the ecological status assessment is performed on five quality conditions, namely: 
very good, good, moderate, poor and bad. Evaluation of environmental / ecological potential of surface water 
bodies (Adorjani at al., 2008) was done by integrating quality elements (biological, physical and chemical, 
support, specific pollutants). Ecological status / final ecological potential consider the worst situation (Deser 
et al., 2008).
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This paper deals with the monitoring of surface water quality from a Buzau-Ialomita hydrographic area. The 
monitoring process adresses the best solutions for exploiting surface water resources, their development and 
management,

We proposed an objective evaluation of the cumulative impact of the climate change factors associated with 
surface water quality.

Material and methods

Study area

Buzau-Ialomita geographic area is presented in figure 1(Management Plan SH, 2012).

Figure 1: Buzau-Ialomita geographic area 

From the 36 affluents  leading Buzau River, the most important ones studied in this paper are the following:
• Buzău Izv. Ac Siriu;
• Buzău Ac Siriu Cf.Bâsca

The summary, respectively reducing the number of tributaries study, was based on considerations based on 
common characteristics of communities of microorganisms in surface waters studied, the specific average 
monthly flow, minimum and maximum annual, altitude and heterogeneity, from the hydrological point of view 
of water courses.

Methods

The values of monitored physico-chemical parameters are compared for January-June 2008 and January-June 
2012. Of each river were collected  samples which were characterized by analizing the quality indicators, 
namely:  biochemical oxygen demand (BOD), ammonium  (N-NH4), chemical oxygen demand (COD) and 
total suspended solids (TSS). The device used for determining COD and BOD was DR 5000. Ammonia, as 
nitrogen, was measured using EPA Methods 350.1 and 350.2 (EPA 821R00003 Analytical Method Guidance, 
2002). Biochemical oxygen demand (BOD5) was measured using EPA Method 405.1 (EPA 821R00003 
Analytical Method Guidance, 2002). The sample and appropriate dilutions are incubated for five  days at 
200C in the dark. Chemical oxygen demand (COD) was measured using EPA Methods 410.1(EPA 821R00003 
Analytical Method Guidance, 2002). Method 410.4 is a  spectrophotometric procedure that measures COD. 
The device used for determining COD was DR 5000. Total suspended solids (TSS) were determined by EPA 
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Method 160.2 (EPA 821R00003 Analytical Method Guidance, 2002).

Results and discussions

A. Buzău_Izv._Ac Siriu

Biochemical mineralization of organic substances, respectively biochemical oxygen consumption, is a complex 
process. Higher values   of BOD of 3 mg / l (4.61 mg / l recorded in 2008) indicate the presence of biodegradable 
organic substances that reduce the concentration of dissolved oxygen in the water with negative effects on 
aquatic ecosystems. Rehabilitation of the river in 2012 made   the maximum of BOD recorded to be 1.9 mg / l.
The COD concentration ranged between 17.5mg / l in 2008 and 15 mg / l in 2012. Oxygen regime indicators 
show water quality at the upper limit of 15 mg / l recorded in 2012. Ammonia nitrogen concentration decreased 
in 2012 compared to 2008 from 0061 mg / l to 0.013 mg / l.

Figure 1:  Variation of concentrations of BOD 2008 
vs 2012

Figure 2: Variation of concentrations of N-NH4 
2008 vs 2012

Figure 3: Variation of concentrations of COD, 2008 
vs 2012

Figure 4: Variation of concentrations of total 
suspended solids in 2008 vs 2012

The high concentration of 32 mg / l recorded in 2012 is because in the catchment area Buzau occurred snowfall 
and rainfall from abundance.

Total suspended solids  had values   between 2 mg / l in 2008 and 32.6 mg / l in 2012.
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B. Buzău_Ac Siriu_Cf.Bâsca

Figure 5: Variation of concentration of CBO5 2008 
vs 2012

Figure 6: Variation of  concentrations of CCO-Cr 
2008 vs 2012

Figure 7: Variation of concentrations of N-NH4 
2008 vs 2012

Figure 8: Variation of  concentrations of  total 
suspended solids 2008 vs 2012

The effect of intense rainfall and irrigation led to   eutrophication of surface waters. The presence of ammonia 
in the water supply is limited by the rules recommended by the World Health Organization,who recomended  
very small amounts (less than 0.05 mg / l) due to the harmful effects it can have on consumers.

BOD is a reference value for  anaerobic bacteria and    show  oxygen concentrations dissolved in water. In 2012 
the maximum value 2.91 mg / l of oxygen shows a nomal regim in water.

Conclusions

After analyzing water bodies resulted  the following  conclusions about the state / their ultimate potential:

•  Buzau Izv. Ac Siriu and tributaries have a good status / potential because of its sufficient nutrients, a good 
condition of oxygenation and a very good acidification. The average concentrations determined in the year 
2008, included this river in the Class II of quality. Water quality class in 2012 remained the same but there 
are some improvements in water quality.

•  Buzău Ac Siriu Cf.Bâsca is in situation of  good potential because almost zero due to very low concentrations 
of total suspended matter. The data and information presented emphasizes that monitored parameters 
characterizing a low environmental pollution.

Based on the data presented measures required in this regard are:

• construction of new dams in surface water for drinking purposes;
• rehabilitation of existing water sources  to improve water distribution and reduce the risk of frequent 

accidents, losses of water and subsequent contamination of water;
• building new distribution networks;
• rehabilitation treatment technologies;
• improving treatment technologies;
• construction of new treatment plants;
• change interior installations.
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To avoid adverse impacts on public health in view of the World Health Organization standards,  relevant 
measures were taken aimed at:

• providing surveillance and control of sanitary protection of water sources for human consumption;
• the sanitary  Authorization for  treatment plants for drinking water, which the authorization shall be 

reviewed annually;
• chlorination of water;
• continuous monitoring action.

The results of the study is a valuable technical documentary for further rehabilitation and protection of the 
coastal zone, and to identify coastal areas vulnerable to climate change. Research carried out during 2008 and 
2012  have allowed us to complete the  database of water quality in the catchment Buzau-Ialomita.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Abstract

The city of Vienna receives 96 % of its drinking water supply from alpine karstic springs. The karstic drinking 
water protected area (DWPA) of the city of Vienna in Austria is characterized by steep mountainous terrain, 
which is mainly covered by forests. Only stable forest stands can protect the vulnerable karstic soil and humus 
layers from erosion processes and also provide various beneficial impacts on hydrology, like good infiltration 
conditions or water storage capacity. The huge drinking water protected area (DWPA) was stratified by the 
means of the forest hydrotope model (FoHyM) into units with relevance for forest management. The basis was 
a forest site mapping survey. Hence adaptive forest management towards forest site conditions (AFS) became 
possible, which can be implemented immediately and also serves for adaptation towards climate change, 
as it involves a higher degree of tree species diversity. The adaptive forest management towards climate 
change (AFCC) can be implemented following a strategic step by step plan. After the fulfillment of AFS, 
the development of the climate in relation to the climate change scenarios has to be evaluated in the period 
2030-2035, 2050-2055 and 2070-2075. The defined adaptive management concepts can be implemented if the 
climate change scenario conditions will actually evolve. If the climate development deviates from the scenario 
conditions, new adaptive management strategies would have to be elaborated. The overall purpose is the 
guarantee of the water protection functionality of the forest ecosystems under climate change.

Keywords: forest ecosystems, drinking water protected area, adaptive forest management, site conditions, 
climate change scenarios, water protection functionality

Introduction

Within Austria more than 50 % of the drinking water supply is stemming from karstic catchment areas, e.g. 
the major cities Vienna, Graz, Salzburg and Innsbruck rely at least partly on this type of drinking source water. 
The city of Vienna receives 96 % of its water supply from karstic alpine springs. The karstic drinking water 
protected area (DWPA) of the city of Vienna in Austria is characterized by steep mountainous terrain, which 
is mainly covered by forests. For the safeguarding of the water resources an integral drinking source water 
protection concept was regarded as necessary and hence implemented step by step. Also forest management 
is part of this overall concept. In order to guarantee a secure drinking water supply with a high water quality 
standard, the forest cover has to be stable and continuous. Only stable forest stands can protect the vulnerable 
karstic soil and humus layers from erosion processes. Good infiltration conditions for precipitation water, 
soil and interception water storage, protection against several erosion processes and the filtering capacity of 
forest soils are only some positive effects of a stable forest cover on hydrology, which influence both water 
quality and quantity parameters. Hence forest management and silviculture have to be carried out with the 
overall purpose of improving or preserving the water protection functionality of the forest ecosystems. Parts 
of the DWPA with major importance for water protection are owned by the city of Vienna, where a forest 
site mapping survey was carried out on the whole forested area (Weidinger and Mrkvicka 2001; Koeck et al., 
2001; Gatterbauer 1998). The related spatially explicit GIS data base consequently formed the basis for various 
applied management concepts derived from it. Especially under climate change conditions (Nachtnebel et al., 
2010) the knowledge about the site conditions in the DWPA becomes increasingly relevant as they define the 
scope of expected forest changes driven by the climate change scenario conditions. 
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Methods

The huge DWPA (943 km2 overall, 336 km2 owned by the city of Vienna) was stratified into operational 
units for forest management. This step was accomplished with the application of the Forest Hydrotope Model 
(FoHyM, Koeck et al., 2007; Koeck and Hochbichler 2012), which is based on the data sets of the forest site 
mapping survey (Weidinger and Mrkvicka 2001; Koeck et al., 2001; Gatterbauer 1998), a digital elevation 
model and geological maps. These were integrated into FoHyM, hence providing spatially explicit forest site 
data (Tab. 1). The natural forest community as integrating stratification level reflects all other site conditions 
like e.g. geology, soil type or elevation above sea level and hence defines the growing conditions for the forest 
stands and was therefore selected as the definition level for the forest hydrotope types. 

Table 1. Information classes and information layers of the Forest Hydrotope Model (FoHyM)
Information classes Information layers
Integrating Stratification Level Natural Forest Community (FS)

Geology and Soils

Rock type (GS)
Soil type (FS)
Soil depth (FS)
Humus type (FS)
Humus depth (FS)
Humus dynamics (FS)
Gravel and rock content on soil surface (FS)

Vegetation Cover

Actual tree species distribution (FS)
Crown cover percentage (FS)
Layering of the forest stand (FS)
Soil vegetation cover (FS)
Regeneration dynamics (FS)

Terrain Information

Elevation above sea level (DEM)
Inclination of the slope (DEM)
Exposition of the site (FS)
Water balance class of the site (FS)

Data derived from: FS = Forest site mapping survey; GS = Geological survey; DEM = Digital elevation model

FoHyM stratifies the huge DWPA into operational units for forest management. The GIS-based model was 
mainly based on a forest site mapping survey and integrates the most relevant parameters of forest growth, 
like e.g. geology, soil type and depth, humus form, elevation above sea level, exposition, water balance or 
inclination of a site. All these parameters shape the differing site conditions in the DWPA, which bring forth 
the diversity of different forest hydrotope types. The potential tree species distribution under actual climatic 
conditions was elaborated based upon the concept of the potential natural vegetation (Tüxen 1956) which is 
generally regarded as the most stable formation of forest vegetation. For each of the forest hydrotope types the 
optimal tree species distribution, forest structural parameters and adequate silvicultural techniques were defined 
so that the water protection functionality of the forest stands is given on an optimal level. As a consequence 
these forest management parameters were defined adaptive to the specific site conditions. This was the basis 
for the elaboration of adaptive forest management concepts towards site conditions (AFS). 

Derived from the conditions of the actual forest vegetation, the expected forest changes under climate change 
were elaborated for each forest hydrotope type, using the climate change scenario conditions (Nachtnebel et 
al., 2010), the ecological behavior of each tree species (Ellenberg et al., 1992) and the site conditions of the 
forest hydrotope types as determining assessment parameters. This was forming the basis for the elaboration 
of adaptive forest management towards climate change (AFCC). 
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Results

Within the DWPA of the city of Vienna water supply can only be guaranteed if a stable forest cover is given 
over space and time. In the past several forest areas were transformed from the native forest communities 
to conifer plantations, mainly dominated by Norway spruce (Picea abies Karst.). These forest plantations 
show less stability towards several disturbances like bark beetle infestations, storms or snow breakage than 
the native forest stands, which would be mainly dominated by European beech (Fagus sylvatica L.). Climate 
change could form an additional threat to the stability of the forest cover, as some tree species like e.g. Norway 
spruce could lose their adaptability at some forest sites. The overall purpose of drinking water protection 
creates a new situation for these forest areas, as it substitutes timber yield as primary goal of forest activities. 
Given to this new situation, the stability and resiliency of the forest stands in the DWPA gains importance as 
the basis of the provision of the ecosystem service drinking water protection. To fulfill this overall purpose, 
strategic forest management is required.

Especially the resulting diversity of tree species according to the natural forest community contributes to more 
stable forest stands, which is in fundamental contrast to the historic focus on only one tree species, namely 
Norway spruce, which was planted because of the aim of increasing timber yield. The establishment of the 
adequate tree species diversity in each hydrotope type has to be regarded as the crucial step into the direction 
of a forest management which is adaptive towards climate change (AFS).

AFS requires far more silvicultural knowledge than the simple Norway spruce focused forest management as 
it involves the adaptation to the site conditions of the huge variety of forest hydrotope types within the DWPA 
(Fig. 1). The different groups of forest hydrotopes within the DWPA cover dwarf pine-forest-, subalpine larch-
forest-, subalpine spruce-forest-, beech-fir-spruce-forest-, beech-fir-forest-, beech-forest-, black pine-forest-, 
Scots-pine-forest- and downy oak-forest-hydrotopes, which are additionally subdivided into forest hydrotope 
types regarding the preconditioning of the specific site conditions.

Figure 1: Forest Hydrotope Map of the western DWPA of the city of Vienna, Wildalpen region
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The huge variety of different forest hydrotope types calls for the adaptation of the forest managers to various 
different target forest types. The spatial explicit stratification of the DWPA and also the specific definitions of 
silvicultural concepts and measures were provided by FoHyM which hence evolved to a tool for AFS.

Strategies for adaptive management

The climate change scenarios which were defined for the DWPA in the course of the CC-WaterS project 
simulate significantly different growing conditions for the forests in future, especially for the time period 2071-
2100. The clearest climate change signal can be expected for temperature, while the precipitation simulations 
did not yield unequivocal results (Nachtnebel et al., 2010). The uncertainties within the context of the climate 
change scenarios call for strategic concepts for adaptive forest management towards climate change (AFCC). 

The strategy has to involve a step-by-step approximation to the future forest stands under climate change. As 
basic requirement for AFCC the establishment of the tree species distribution according to AFS like defined 
for each forest hydrotope type has to be fulfilled. AFS can be implemented immediately, as it does not rely 
on elevated temperatures and it can be described as the most important basis for AFCC since it involves 
the whole set of tree species which can grow on a specific forest hydrotope site. AFS can be implemented 
immediately. Forest stands which consist of a high diversity of tree species are far more adaptable to a changed 
climate as they involve a higher stability and resiliency than for example pure Norway spruce plantations. A 
relevant precondition for AFS is the implementation of forest ecologically sustainable wild ungulate densities, 
as browsing damages on tree seedlings and saplings would endanger the natural regeneration dynamics of the 
whole tree species set. For a successful AFS all tree species of a forest hydrotope type have to be established 
in the course of the natural regeneration process.

Additionally the expected tree species distribution under climate change scenario conditions for the period 
2071-2100 (CCS) was defined for each forest hydrotope. The related climatic conditions do not exist in 
present times hence it would not be possible to establish the mentioned tree species distributions immediately. 
Especially this situation calls for the strategic adaptive management concepts. 

In the course of the implementation of AFS, the development of the climate in relation to the CCS has to 
be evaluated in 15-20 years (2030-2035). If the effective climate development corresponds to the CCS, first 
proactive measures can be carried out conforming to the defined AFCC, like e.g. experimental test plantings of 
migrating tree species in their new environment. The potential of migrating tree species was defined in detail 
for each forest hydrotope type (Koeck and Hochbichler 2012). If the effective climate should deviate from the 
CCS, new concepts for AFCC would have to be elaborated.

For the period 2050-2055 the climatic conditions are already evolving towards the CCS. Once again the 
development of the climate in relation to the CCS has to be evaluated. If the de facto climate development 
corresponds to the CCS, the defined adaptation measures for each forest hydrotope type could be implemented, 
like e.g. planting of migrating tree species in accordance with the monitoring results of the forest development 
in each hydrotope type.

For the more advanced future period the evaluation of the effective climate in relation to the CCS again has 
to be carried out. During the period 2070-2075 the climate conditions would approximate to the CCS, if the 
development takes place according to the scenarios. In this time period the implementation of the defined 
AFCC concepts for each forest hydrotope type would already have to be fulfilled. The evaluation of the results 
of forest development monitoring may result in the recommendation of spatial limited artificial recruitment 
techniques supporting the existing regeneration phase of the forest stands. If migrating tree species would still 
miss, they would have to be planted. In the case of a differing climate development the AFCC would have to 
be carried out according to the new adaptive concepts. 

For both AFS and AFCC the forest hydrotope model FoHyM provides the target forest definitions and can be 
applied as spatially explicit management tool.
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Conclusions

For all cases of future climatic development the currently implementable adaptive forest management towards 
the site conditions (AFS) configures an adequate initial position for forest succession, as it creates via the 
establishment of the highest possible tree species diversity in each forest hydrotope, stable and resilient forest 
stands. Through the implementation of a step by step strategic adaptive forest management concept, the 
adaptation towards climate change conditions can be accomplished. It involves the evaluation of the de facto 
climatic development in relation to the climate change scenario conditions (CCS). This becomes necessary 
as the CCS involve uncertainty. Only if the de facto climatic conditions correspond to the CCS, the defined 
forest management concepts and measures according to AFCC can be implemented. If the de facto climate 
development deviates from the CCS, new adaptive forest management concepts would have to be elaborated. 
In all cases the drinking water protection functionality of the forests under climate change has to be guaranteed 
within the DWPA over space and time, which guarantees the sustainable provision of the ecosystem service 
drinking water protection. The forest hydrotope model can be used as management tool in order to implement 
the adaptive forest management concepts both towards the site conditions and towards climate change.
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Abstract

Forests in Serbia cover 30 % of the total area, which is considerably less than 41.1%, which is projected by the 
Spatial Plan (1996). In addition to the production of timber and other forest products, forests are increasingly 
important as the factor of environmental protection and mitigation of global climate changes. In this sense, 
forests are powerful means in the soil and water protection against all types of degradation, first of all erosion 
and sediment. Also, forests have a significant impact on runoff regime from the watersheds.

The runoff from a watershed is conditioned by a multitude of different factors entering a complex and 
unrepeatable combination for any site under consideration. The most important factors influencing the runoff 
regime are the following: climatic, geomorphological, geological, soil, vegetation cover (land use) and 
anthropogenic ones. The vegetation cover, and first of all the forests, represents one of most powerful factors 
influencing the runoff regime, since by its effects it modifies and moderates the others.

This paper presents the state of climate changes in Serbia and their consequences: desertification, soil erosion, 
torrential floods, as well as the significance and effects of forests on their mitigation. Effects of forests on 
modifying  the runoff regime is presented as the results of studying the runoff regime in three small watersheds 
in the hilly-mountainous region of the Western Serbia. The watersheds are very similar in the sence of the 
natural conditions (climate, relief, soil, geology), but differing by degree of the forest cover. In the Đurinovac 
Potok watershed the forest covers 39.5% of the surface area, in the Dubošnički Potok watershed 48%, whereas 
in the watershed of Lonjinski Potok 70% of the surface area is covered by forest. As a result, different runoff 
regimes occur in these watersheds. Despite having the highest rainfall, the more forested Lonjinski Potok had 
the lowest average maximum annual discharge (0.1 vs 0.4 m3s-1) and a far greater sustained flow. Lonjinski 
Potok was dry for 12 days year-1 on average compared to 121.4 and 192.4 for its less forested neighbours. 
Annual peak discharges were also far smaller in the more forested drainage basin (0.129 vs 0.612 m3s-1km-2).

The research was performed in the period 1980-1995, and the results indicate a major influence of the forest 
cover upon the runoff regime from a watershed and on mitigation of global climate changes.

Keywords: forests, climate changes, land use, runoff regime

Introduction

Forest ecosystems belong to the natural systems which have been estimated as to be exposed to unfavorable 
effects of climate changes in almost all parts of the world. During the 1970s, the discussions on the forests 
effects to reducing global climate changes began. Later, the importance of forest potentials has been accepted 
in numerous international discussions and analyses as well as the interest to define and quantify its role in 
climate change and establishing the systems of mechanisms in the international cooperation. Consequently, 
the forest management will have an important role in the process of 21st century global warming. Within the 
Advisory organ of the Science and Technology Convention 2005, a five-year programme on adapting and 
intensifying national activities in this field was adopted. Signatory countries are obliged to carry out a detailed 
analysis of climate changes effects on forest ecosystems and to suggest adaptation measures. The countries 
send their national reports to the organs of the Convention.
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Forest ecosystems have significant impact on mitigation of climate changes effects. This is confirmed by many 
researchers in the world and IPCC reports. Bearing in mind importance of forest ecosystems in the environment 
protection and climate changes mitigation, the goal for afforestation in Serbia is to increase the woodland area 
from 30 % to 41.4% and improve the existing situation. Basic strategy for achieving such a goal is rational 
investing in forests, which provides optimum multifunctional usage of habitation and componential potentials. 
According to data from National Forest inventory (2009) about 30% of the territory in Serbia is under forests. 
Based on this data, it can be seen that the percentage of forests is considerably below the opti mum, and the 
percentage of cropland is larger than optimal for the conditions of the relief in Serbia. This combined with 
geomorphological features of the Serbian territory contributes to the development of the intensive processes 
of water erosion in Serbia. As the results of intensive erosion process in the watershed we have an unbalanced 
runoff regime from the watershed and very often catastrophic torrential floods. 

The runoff from a watershed is conditioned by a multitude of different factors entering a complex and 
unrepeatable combination for any site under consideration. Surface runoff, or overland flow, is formed when 
the soil is no longer capable of absorbing rainwater, nor it can be consumed in the processes of transpiration, 
infiltration and sub-surface runoff. Overland flow depends on the simultaneous action of many factors which 
can be classified into the two groups:

1. Abiotic factors: relief and geomorphological characteristics, parent rock and soil composition, climate (first 
of all the intensity and amount of rainfall),

2. Biotic factors: vegetative cover of the slope, land use anthropogenic factors, etc. This group of factors 
is more interesting because they maintain the stabilizing effect of the forest cover as well as the economic 
activities (Nedyalkov, S., Raev, I., 1980).

In this paper results are presented of studying the runoff regime in three small torrential watersheds in the 
hilly-mountainous region of the Western Serbia, in the period after erosion control works (ECW) were carried 
out. The researches were carried out in three small experimental watersheds in West Serbia: Dubošnički 
Potok, Lonjinski Potok and Đurinovac Potok. The watersheds of the streams are typical small torrential 
watersheds. All the three experimental watersheds are the right tributaries of the river Drina and they are 
torrential streams. The watersheds are situated on the territory of the community Ljubovija in West Serbia 
(Fig.1). They are in a hilly mountainous region, which can be seen from their main topographic features given 
in Table 1 (Kostadinov S., 1996). Parent rock is the same in all the three watersheds, i.e. a sandy-schistose 
series consisting of metamorphosed sandstones, phylites, agrilloschists and more rarely sericites, green schists, 
quartz breccias, quartzites and marbles. The major soil type present in all three watersheds is acid brown soil 
on schists (skeletoid). However, the percentages of forest cover in the watersheds are different.

Study methods

The complete research includes the following stages:

• collection and study of the existing documentation on the experimental watersheds: Project of erosion 
control works (ECW), documentation of implemented ECW;

• the study of natural characteristics and the analysis of physical-geographical factors of  runoff regime  and 
state of soil erosion processes in the watersheds;

• monitoring of water discharge and precipitation

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Table 1.  Parameters of the Watershed Areas

PARAMETERS SYMBOL DUBOŠNIČKI 
POTOK

LONJINSKI 
POTOK

ĐURINOVAC 
POTOK

Watershed area F - km2 1.2464 0.7656 0.544
Watershed perimtetre O - km 5.25 3.60 3.55
Watershed length Lgl - km 2.48 1.40 1.40
Drainage density G – kmkm-2 3.26 2.38 4.04
Mean elevation of the watershed area  Nsr - m 487.90 363.90 299.70
Mean slope of the watershed area  Isr - % 47.24 38.87 43.59
Stream-bed slope It - % 18.37 18.94 12.63
Erosion coefficient Z 0.56 0.34 0.49

Results

Erosion control works (ECW) started in 1969 (Dubošnočki Potok) and 1973 (Lonjinski and Đurinovac Potok) 
and they were continued till 1980. As the result of ECW, land use (vegetative cover) in the watersheds changed 
significantly in comparison with the land use before works (Table 2).

The vegetative cover, i.e. land use, at the moment, is different in the three experimental watersheds. Table 
3 is a survey of land use. As it can be seen, in the Lonjinski Potok watershed 70.35% area is under well-
stocked forests, in the Dubošnički Potok watershed 48.52%, and in the Đurinovac Potok watershed 39.5%. The 
vegetative cover in all the three watersheds has the same characteristics. Significant areas are covered by very 
degraded forests transformed into very thin brushwood of eastern hornbeam, ash and oak, where very strong 
rill erosion occurs.

As the result of different degrees of forest cover, erosion processes of different intensities develop in the 
watersheds. The most intensive processes of erosion occur in the Dubošnički Potok (Z=0.56, medium erosion) 
then in the Đurinovac Potok (Z=0.49, medium erosion), whereas the weakest processes of erosion occur in the 
Lonjinski Potok (Z=0.34, weak erosion), Z - denotes the coeficient of erosion in a watershed or in erosive area, 
according to S. Gavrilović (Gavrilović, S., 1972).

The results of the research show that performed erosion control works i.e. change of land use in the watersheds 
(by a significant increase of the share of well stocked forest area especially in the Lonjinski Potok watershed) 
had very positive effect reflected in runoff regime of researched watershed, which become very balanced (in 
Lonjinski Potok watershed). This confirm a good positive effects of forests  on climate changes mitigation.

The most significant decreasing of maximum flood peak is in the Lonjiski Potok watershed, because of the 
fact that about 70% of the watershed area was treated by afforestation as one way of erosion control works. It 
should to emphasize that in the late sixties and early seventies the processes of intensive erosion prevailed in 
the watershed and channel of the torrent Lonjinski Potok. This resulted with very unbalanced runoff regime 
and in frequent torrential floods which endangered the village Lonjin and the very important road Belgrade- 
Loznica- Užice . The traffic on the road often had to be stopped.
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Table 2. Land use in the watershed (vegetative cover)
CULTURE DUBOŠNIČKI POTOK LONJINSKI POTOK ĐURINOVAC POTOK

km2 % km2 % km2 %
Pasture 0.0224 1.80 0.014 1.83 - -
Meadov 0.1768 14.18 0.07 9.14 0.0764 14.04
Plowland 0.0256 2.05 0.03 3.92 0.0136 2.50
Farm yard 0.0304 2.44 0.012 1.57 0.057 10.48
Orchard 0.0784 6.29 0.023 3.00 0.0168 3.10
Degraded forest 0.2848 22.86 0.078 10.19 0.1456 26.76
Well stocked forests 0.6048 48.52 0.5386 70.35 0.2149 39.50
Bare land 0.0232 1.86 - - 0.0197 3.62
Total 1.2464 100 0.7656 100 0.544 100

Precipitation and Runoff

Table 3 presents the average annual and maximum values of precipitation, discharge and number of days in a 
year without water. 

Table 3. Annual Characteristics of Precipitation and Runoff

Observed values
Dubošnički Potok Lonjinski Potok Đurinovac Potok

Max. Value Av. value Max. value Av. value Max. value Av. value
Annual precipitation 
P [mm] 1020.3 764.7 1054.7 801.6 1011.2 769.5

Annual specific discharge MQ  
[L.s-1.km-2] 13.74 6.25 14.58 8.59 14.82 7.51

Maximum discharge Qmax  [ m3.s-1] 1.050 0.406 0.428 0.099 0.980 0.333
Maximum specific discharge Qsp 

[m3.s-1.km-2] 0.842 0.326 0.559 0.129 1.801 0.612

Number of days in a year without 
water  [n] 205 121.4 99 12 257 194.2

Period of Research 1980-1989 1980-1999 1981-1999
Max. value – maximum value in the period of research 
Av. value – average value in the period of research.

                           

Figure 1: Maximum specific discharge observed in a year
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Lonjinski Potok dried up rarely (on a few occasions - average annual 12 days), whereas Dubošnički Potok, and 
Đurinovac Potok were very often without water. This was particularly true for the Đurinovac Potok watershed, 
for which it can be said that during the greater part of the year there was no stream flow (average annual 
number days without water was in Dubošnički Potok 121.4 and in Đurinovac Potok 192.4). 

Discussion of the Results

The results of the research show that forest cover has a considerable effect on the formation of the runoff 
regime from the watershed. With all the other conditions being equal or similar (rainfall, relief, parent rock, 
soil) in Lonjinski Potok (70% of the watershed area under well-stocked forest) there is a balanced regime of 
runoff whereas the torrents Đurinovac Potok (39.5% of watershed under forest) and Dubošnički Potok (48.5% 
under forest) have unbalanced regime of runoff. Runoff in those two watersheds was discontinuous with large 
intervals of drought and the discharge was mainly in the form of flood waves.

The results of the research show that runoff regime in the Lonjinski Potok was balanced, without high peaks. 
Runoff in the Dubošnički Potok and Đurinovac Potok was discontinuous with large intervals of drought and 
the discharge was mainly in the form of flood waves. Unbalanced regimes of runoff in the Dubošnički Potok 
and Đurinovac Potok watershed were manifested, first of all in the fact that during a large part of the year they 
are dry. This is also confirmed by the data of maximum annual discharge (Qmax and Qsp). Average annual height 
of maximum specific discharge in Lonjinski Potok was 4.74 times lower than that in the Đurinovac Potok and 
2.53 times lower than in the Dubošnički Potok watershed.

Bearing in mind that climate, parent rock, and soil are the same in all the three watersheds, some other 
characteristics of the watersheds had to be analyzed. 

According to topographic characteristics the Dubošnički Potok and Đurinovac Potok have a higher mean slope 
of watershed, but, on the other hand, the Lonjinski Potok has the highest stream-bed slope which means the 
highest transport capacity of the flow. Therefore, as for the slope, it can be said that it is similar in all the three 
watersheds.

Consequently, the vegetative covering, i.e. the forest in this case (as the consequence of ECW) was the modifier 
of erosion and runoff regimes. The Lonjinski Potok, after the ECW, has the highest percentage of area under 
well-stocked forests.

Favourable effects of forests are multiple. Forests prevent sudden surface runoff of water, so that even in the 
heaviest showers they can decrease the peak flow. This effect of the forest is the result of the impact of the 
crown of trees and the forest litter. Forest litter, owing to its high permeability and high water capacity enables 
the quick infiltration of rainfall. Forest litter is capable of absorbing 2-5 times more water than its weight in 
air-dry state. According to the data by Gadziev (Zaslavsky, M.N., 1983), the highest water capacity of forest 
litter reaches 400% its dry weight. It was shown that, with the removal of forest litter, the runoff increased for 
5-10 times. The impact of the forest on runoff regime depends on the choice of species, density of planting, 
age, grass cover, and forest litter (Zaslavsky, M.N., 1983).

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Figure 2: Number of days in a year , when the stream wend dry

Forest cover also reduces the factors affecting overland flow by increased roughness of slopes increased 
infiltration of water in the soil, etc. By increasing infiltration, forest cover minimizes overland flow and 
transforming potential surface runoff into ground water. This underground water moves to springs and the 
stream bed, and thus the stream does not go dry even in the warmest periods of the year. Consequently, in the 
Đurinovac Potok and Dubošnički Potok streams the total annual runoff occurs in several events in April, May 
and October whereas in Lonjinski Potok watershed, there mainly is a constant stream flow throughout the 
year (with some exception as a result of long period of drought preceded by high temperatures in the previous 
months). Also, by preventing rapid overland flow, forests increase the time of water concentration, which 
directly reduces the risk of flood peaks.

The indirect effect of the forest reflects itself in the good structure of the soil under permanent vegetation, 
which increases soil resistance. The increased infiltration capacity of such soils leads to the reduced quantity 
and velocity of water movement down the slopes. Also, the specific fauna gas the beneficial impact and it 
improves the structure and the infiltration capacity of the soil.

The results of research confirm that good forest cover in a watershed produces a balanced regime of stream 
flow without larger floods of dry periods. This is very important as dry streams adversely affect bad ecological 
conditions as well as life and economic activities of the local population. The significance of forest cover 
should be emphasized in control of soil erosion. Namely, after forest degradation occurs there follow, a more 
intense erosion process whereby the soil is removed. Erosion loss of the sponge forest surface soil causes 
the deterioration of the runoff regime from the watershed, as rainfall cannot be infiltrated so it runs down the 
bare, slopes and consequently augments the flood peak. Therefore, forests also affect the regime of runoff by 
controlling soil erosion.

The unbalanced regime is also confirmed by the data on maximum discharge (Qmax and Qsp). Average annual 
height of maximum specific discharge in Lonjinski Potok was 5.1 times lower than that in the Đurinovac Potok 
and 2.30 times lower than in the Dubošnički Potok watershed.

The results of the research showed that the degree of forest cover in hilly-mountainous watersheds affects 
significantly the type and intensity of erosion processes, as well as sediment transport.

The specific mean annual transport of total sediment transport in the Lonjinski Potok (70% of watershed 
under well-stocked forest) was 4.5 times lower than in the Dubošnički Potok (48.5% under forest) and 3.5 
times lower than in the Đurinovac Potok (39.5% under forest). Such a degree of forest cover in a watershed 
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dominates, energetic potential of the watershed (relief) and the erosion activity of rainfall, which has been 
proved by the example of the Lonjinski Potok watershed. All the above proves that forest cover is a powerful 
means of flood peaks control (water conservation). 

Conclusion

The results of the research show that forest cover, has a significant hydrologic effects. In addition to rainfall, 
forest cover has a decisive role in the process of runoff formation in the watershed as well as on the total runoff 
regime.

With all the other conditions being equal or similar (rainfall, relief, parent rock, soil) in Lonjinski Potok 
(70% of the watershed area under well-stocked forest) there is a balanced regime of runoff whereas the 
torrents Đurinovac Potok (39.5% of watershed under forest) and Dubošnički Potok (48.5% under forest) have 
unbalanced regime of runoff. Runoff in those two watersheds was discontinuous with large intervals of drought 
and the discharge was mainly in the form of flood waves.

The unbalanced regime is also confirmed by the data on maximum discharge (Qmax and Qsp). Average annual 
height of maximum specific discharge in Lonjinski Potok was 4.74 times lower than that in the Đurinovac 
Potok and 2.53 times lower than in the Dubošnički Potok watershed. Lonjinski Potok dried up rarely (average 
annual 12 days) whereas average annual number days without water was in Dubošnički Potok 121.4 and in 
Đurinovac Potok 192.4.
Woodland area in Serbia equals 30 % of total territory, which is considerably less than optimum woodiness of 
41.4%. Insufficient afforestation is one of the reasons for intensive degradation of soil and water (water and 
wind erosion) in Serbia.

Researches conducted in experimental watersheds in Serbia confirmed that forests are powerful when it comes 
to obtaining balanced runoff regime and successful erosion control.

Forests in Serbia, as well as other ecosystems, are under the influence of global climate changes which are 
present in the last years, and they could present even greater danger according to some scenarios. In order to 
mitigate the influence of global changes in Serbia, it is necessary to improve the existing woodland, afforest 
greater areas until optimum woodiness (41.4%) is reached and to afforest areas around cities and industrial 
zones. Increase in woodland areas will reduce the flood peaks, to contribute of formation an balanced runoff 
regime from the watershed and to reduce soil erosion, sediment transport and all the damages caused by these 
processes to agriculture, water management and other branches of the economy.

All the above proves that land use and, first of all, forest cover natural or established after erosion control 
works, is a powerful mean of flood peaks control in the small mountainous drainage basins and in this way 
contribute to climate changes mitigation.
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Introduction

Sea Surface Temperature (SST) is a critical factor in humidity providing and climatic structure of the regions 
mainly surrounded by oceans and seas. Major amount of humidity resources of Iran provides by regional water 
bodies of Caspian, Oman, Mediterranean and Black Seas, Persian Gulf and North of Indian Ocean (Alijani 1999: 
221).  Colder than normal of winter time Caspian Sea surface temperature can increase winter precipitation 
of South-West and South-Central parts of Caspian Sea, Central and Southern parts of Fars province and all 
regions of the Khuzestan province. Usually above normal sea surface temperature of Caspian Sea accompany 
by 20% decrease in winter precipitation in Southern beach of Caspian Sea, North of Fars and all regions of 
Khuzestan provinces. Warm winter SST of Caspian Sea increases spring precipitation of all weather stations 
located in the Southern beach of the Caspian Sea (Nazemosadat 2004: 1-14). There are other studies that 
investigated the impact of sea surface temperature over seasonal precipitation of Iran (Moosavi baygi et al., 
2008: 217-224, Nazemosadat and Shirvani 2005: 1-10, Ghasemi and Khalili 2008: 116-133). Relation between 
sea surface temperature of Pacific Ocean and precipitation over America, Caribbean Sea countries, Southeast 
Asia, Australia and Africa have been studied by many scientists (Markovsky and North 2003: 856-877, Wear 
1987: 2687-2698, Lim et al., 2007: 33-39, Li and Zhang 2008: 237-243, Misra 2003, 2408-2418). 

Data and methods

In this paper climate change over North of Indian ocean and neighboring water bodies, part of Middle east 
and Iran has been studied using three different aspects: 1- modeling future climate change of meteorological 
parameters over Iran using GCM data, 2- climate change in Middle East large scale weather systems and 3- Sea 
Surface changes in 6 main water bodies using Hadley center high resolution sea surface temperature. 

Discussion and Results

According to the output of ECHO-G A1general circulation model, results show that the mean annual precipitation 
will be decreased by  9 percent and mean annual temperature is computed to increased by 0.5 degree of Celsius 
over the period of 2010-2039. Also thresholds of heavy and extreme rainfall will be increased by 13 and 39 
percent, respectively. In this regards, in the future 30 years period, the rainfalls will be flash-flooded. Also we 
have detected that there will be a significant shift of rainy season precipitation from autumn to winter. 

Figur 1 shows the future changes in precipitation of Iran during 2010-2039 using ECHO-G A1 scenario data 
downscaled by LARS-WG model over 71 synoptic stations of Iran. From this figure it can be concluded that 
the main area of decreasing precipitation in the period of 2010-2039 located over Zagros Mountain where the 
most hydroelectric power station are located there. So, there is a great possibility of decreasing in producing 
electric energy using hydro electric systems.
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Figure 1: Future changes in annual precipitation of Iran. From the figure it can be concluded that the main 
decrease in precipitation I located over hydroelectric stations of Iran which are located over west of Iran.

Climate change over Middle East is analyzed using large scale weather systems affecting the region. Large 
scale weather systems have significant role in precipitation and temperature of the Middle East. Mediterranean, 
Sudanese and Monsoonal lows over South-East of Iran with Siberian High pressure systems are four main 
pressure systems affecting Middle-East and Central Asia. Siberian High, Mediterranean and Sudanese Lows 
are three main systems that control precipitation of Iran. In this regards, sea level pressure data with 2.5*2.5 
longitude-latitude resolutions has been analyzed in the period of 1949-2008.  Results showed that in winter time 
the central pressure of Siberian High over Kazakhstan, Mediterranean Low over Eastern part of Mediterranean 
and Persian gulf low over Persian gulf has been weakened (decreased) by about -1.62,  +3.31and +1.86mb per 
60 year, respectively. Results confirmed that in future decades, Southeast of Iran and Pakistan is influenced 
by a seasonal summer low pressure of Baluchestan low. Results confirmed that the amount of Baluchestan 
summer low has been decreased by +2.58mb/60year. Weakening of Mediterranean low can decrease cold 
season precipitation of Iran. We found that central pressure of monsoonal lows will be increased during warm 
seasons. It means that frequency of summer rainfall, 120-days Baluchestan winds and heat waves expected to 
be increased in future decades. 

Sea surface temperature over six main water bodies around Indian ocean and Middle East has been studied 
during 1854-2008 using ERSST v2. Results show that Caspian and Black seas have no significant changes in 
mean annual temperature. But changes in other water bodies including Mediterranean, Oman and Red seas and 
Persian Gulf are significant. Among all water bodies under study, the maximum annual temperature increasing 
rate is detected to be in Oman Sea by 0.5 degree of Celsius per 100 year. Results confirm that in recent 25 years 
the SST rising rate is approximately multiplied by two.
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Introduction

Predictability of a dynamical modeling system highly depends on the post processing method which is an 
important factor in improving skill of a numerical modeling system in simulation of meteorological parameters 
such as precipitation. Nonlinearity of climate system, parameterizations and discretizations in time and space 
in models, and errors in initial conditions cause uncertainties in seasonal predictability of atmospheric states 
(Patarcic and Brankovic, 2011). To reduce some of these uncertainties, a multiple regression method is used in 
this paper. Giorgi (1990), has shown that Regional Climate Models (RCMs) can simulate atmospheric large-
scale patterns. Considering the higher resolution and better resolved orography, land surface characteristics, 
and land–sea contrasts, RCMs are also able to simulate small features with appropriate amplitudes and climate 
statistics (Laprise et al. 2008). Impact of replacing the BATS land surface parameterization (Dickinson et al., 
1993) in a regional climate model (RegCM, Giorgi et al., 1993a, b) with the newly developed Common Land 
Model (CLM) (Dai et al., 2003) over West Asia are evaluated by Steiner and et. al., (2005). The sensitivity of 
a regional climate model (RegCM-4) to these different approaches in representing dust emission distribution, 
and the impact on the dust budget has been investigated by Nabat et. al. (2012). This study investigate the 
ability of multivariate regression technique coupled to the RegCM4 regional climate model to increase the 
capability of station scale precipitation modeling in monthly to seasonal time scales.

Data and methods

In this paper the 20-km Regional Climate Model (RegCM4) is used to dynamically downscale of NNRP1 
2.5*2.5 degree in latitude and longitude reanalysis. The RegCM4 hydrostatic atmospheric model is the 
fourth generation of the RegCM, originally developed by Dickinson et al., (1989) and Giorgi (1989). Model 
dynamics is similar to that of the fifth generation of Mesoscale Model (MM5) developed by Pennsylvania State 
University and National Center for Atmospheric Research (Grell et al., 1995). The skill of post processing has 
been increased using multvariate regression technique as bellow:

Yt=α+β1 X1t+β2 X2t+β3 X3t+ ...... +βk Xkt+εt                (1)

Where Xkt and Yt  are predictor and predictand, respectively. The skill of multivariate post-processing is 
evaluated using Mean Bias Error and relative error over the calibration and evaluation periods.
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Figure 1: Area of 20-km resolution running of RegCM4 for dynamically downscaling of meteorological 
parameters over the period of 1990-2010.

Area of study is three weather stations of Shiraz, Abadeh and Fasa which are located in the South-west of Iran 
in Fars province. Period of study is 1990-2010 which is divided in to two period of calibration 1990-2003 
and evaluation period of 2004-2010. Coefficients of multivariate equation for each stations and months are 
calculated using observed and modeled data in the calibration period. Then multivariate equations are used to 
post processing of RegCM4 dynamically downscaled precipitation data.

Discussion and Results

Ability of two type of downscaling including dynamical and statistical downscaling of NNRP1 reanalysis data 
on monthly precipitation modeling over three weather stations of Shiraz, Abadeh and Fasa is investigated. 
RegCM4 regional climate model is used as dynamical downscaling tool and Multivariate Regression Model 
(MRM) is used as statistical downscaling tool.  MRM technique is used to RegCM4 downscaled outputs to 
increase the accuracy of monthly precipitation simulation. Standard deviation of the statistically downscaled 
precipitation data are inflated at least up to calibration period. Amount of RegCM4 dynamically downscaled 
outputs and statistically downscaled outputs of RegCM4 for Shiraz station are shown in table 1.

Table 1. Ability of statistical post-processing in improving monthly precipitation of Shiraz province during 
rainy season of Sep-Feb.

Sep Oct Nov Dec Jan Feb

Precipitation (mm)
Observation 0 3.66 35.14 83.14 77.47 33.01

RegCM 0 0.08 26.93 95.95 140.21 88.20
RegCM+MRM - 2.8 6.16 88.0 82.91 45.96

Bias(mm)
RegCM 0 -3.57 -8.22 12.80 62.74 55.18

RegCM+MRM - -0.8 -16.8 4.86 5.44 12.95

Relative error (%)
RegCM 0 -97.7 -23.38 15.40 80.98 167.15

RegCM+MRM - -22.5 -47.8 5.8 7.02 39.22

Correlation
RegCM - 0.98 0.83 0.96 0.96 0.63

RegCM+MRM - 0.26 0.88 0.98 0.94 0.76
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Figure 2: Comparison of RegCM4 raw precipitation outputs with RegCM4 post processing techniques using 
multivariate regression method.

Figure 2 compares the RegCM4, MRM (both in calibration and validation period) to the observation over 
three sites of Shiraz, Abadeh and Fasa. 1990-2003 is used as calibration period and 2004-2010 is considered 
as forecast period. It is obvious that there is a good consistency between observation (black-dashed line) and 
forecast series (blue-bold line). Red line represents the dynamically downscaled outputs of RegCM4 without 
applying the MRM technique. In this figure the standard deviation of the statistically downscaled precipitation 
data is inflated at least by observed standard deviation over each month and site. 

Results showed that the amount of monthly bias is decreased significantly in 5 months (out of 6 rainy months) 
in Shiraz station. Numbers of months with a significant decrease in bias errors are 5 and 4 in Abadeh and Fasa, 
altenatively. We found that mean amount of bias and relative error are decreased by 22.1mm and 51% over three 
sites under study. In the most of site and months, there were no significant change between RegCM4 modeled 
precipitation and statistically downscaled MRM techniques. It means that 20-km resolution RegCM4 outputs 
can generate well the actual fluctuations of the monthly precipitation over area under study. In this regard, 
results confirm that statistical downscaling/post processing can be used as a reliable technique to increase the 
capability of the dynamical regional climate models.
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Abstract

Information on rainfall frequency is the pre-eminent input for diverse water resources studies and future 
infrastructure design resulting in design storms being generated from observed data and represent intensities 
pattern to be applied in the design of infrastructure that has to function for many decades. The presence of 
the trend in rainfall intensities compels review of the existing design storms. Temporal trend evaluation of 
short-duration storms described as based on groups of rainfall records (34 and 13 stations across Ontario), for 
rainfall extremes e.g. five year recurrence intervals. Analyses of the historical records for rainfall intensity/
recurrence interval/duration demonstrate that rainfall intensities are changing in Ontario. The results based 
on PDS data indicate, for example, both increasing and decreasing changes for 1 h storms with statistical 
significant confidence at 80% and 90% for 15 locations. Storm intensities relevant to urban stormwater (2, 5, 
10 recurrence intervals) are fairly regional in extent.  Seasonal trend assessment of IDF curves for selected 
localities indicates existence of temporal shifts over seasons with predominate increase in intensity. Further, 
the Mann – Kendall Trend Test application on number of dry days and annual amount of rain indicate existence 
of seven trends that are statistically significant at 95%. 

Keywords: design storms, rainfall intensity, temporal trends, PDS 

Introduction 

Prevailing opinion among the climate change scientific community is that increase in greenhouse gasses 
concentrations has influence on the water resources, hydrologic cycle and its components (Houghton et al., 
1996; Brent & Yu 1999, IPCC reports 2001 & 2007). Until now, the trends in rainfall events have been mainly 
quantified in Annual Maxima Series or, total precipitation series, either for daily or sub-daily observed data 
(e.g.  Groisman et al., 1999; Stone et al., 2000; Zhang et al., 2000; Adamowski et al., 2003). Despite the fact 
that in recent decades in Canada numerous studies have analyzed trends in rainfall time series (e.g. Kije Sipi 
Ltd. 2001; Burn and Elnur 2002; Coulibaly and Shi 2005; Vasiljevic et al., 2012) there is still controversy and 
uncertainty concerning intensities for design scenarios. Findings disused in this paper are based on two data 
sets and statistical studies of rainfall intensities across Ontario.  The results based on Partial Duration Series 
(PDS), indicate that rainfall statistics and intensities are changing over evaluated time periods at the localities 
within Ontario regardless of the applied statistical methodology.  

Background and data ranking 

Water resources infrastructures will be exposed to a range of hydrometeorological variables due to climate 
change. Several studies and reports explored climate change impact on Canadian drainage infrastructure (Watt 
et al., 2003; Coulibaly et al., 2005) among others. To understand the potential changes and infrastructure 
vulnerability, it is necessary to establish the specifics associated with the precipitation patterns for frequency 
of design values to be used as input for different water resources design and decision- making procedures. The 
first step in any statistical analyses is raw data ranking regardless the methodology used for data evaluation 
and assessment. In local heavy rainfall analyses two approaches are commonly applied the annual maxima 
(AM) and PDS. The annual maxima series include only the highest values for each year, while the second or 
the third highest values within one year are neglected in any further rainfall analyses based on this ranking 
methodology. On the other hand, PDS series incorporate the highest values for the period of observation 
regardless of the year in which they occurred. 
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These series are also referred to as either the annual exceedances (Chow, 1953) or the peaks over specified 
threshold (Madsen et al., 1997). As a demonstrative example, both the AM and PDS, rainfall data were ranked 
for Waterloo gauge (and for storm duration of 30 minutes) as depicted graphically in Figure 1. It is evident that 
the PDS events exceed the annual maxima.

Figure 1: Observed heavy rainfall data arranged in the order of magnitude for annual maxima and partial-
duration series for Waterloo Ontario ( Vasiljevic et al., 2012)

The difference between PDS and AMS records in flooding analysis is demonstrated in Laurenson (1987). PDS 
data are focused on recurrence intervals between events, while AMS data are related to annual exceedance 
probability. Historically, PDS has been used to predict annual exceedance probability with assumption of 
Poisson arrivals, or to compare the accuracy with AMS data (Cunnane, 1973). For serious events (10 year 
return period or longer), the difference between the PDS and AMS applications are negligible (Chow et al. 
1988) but for 2 or 5 year event, the difference between the two ranking approaches could be considerably large. 
Although the AMS are mainly used in Canada and other countries the differences between the annual maxima 
and partial – duration series argues for the use of PDS for extreme rainfall frequency analyses as explained in 
the following.

Identification of design rainfall changes 
(methodology and discussion)

Design rainfall intensities developed from PDS have been evaluated for 33 gauges in southern and central 
Ontario (1,076,395 km2 area with surface water area of approximately 158,654 km2), Canada over the time 
periods of 1960 – 1983 and 1984 – 2007. Measured data are fitted by General Pareto Distribution, with 
parameters estimated by using L-moments and confidence intervals (80% and 90%, two-sides) that are 
calculated by resampling method, with 1000 simulations. Comparison of confidence intervals (differences 
with 90% and 80% certainty) between estimates of 2, 5, and 10 year design rainfalls for 1 hour duration storms 
as exhibited in Figure 2.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 2: Rain gauges locations and changes identified in Southern and Central Ontario

As presented in Figure 2, both increasing, and decreasing changes are present and tend to be grouped within 
the regions. This suggests for storms of this character (i.e. not 100 year events but 5 year events), are fairly 
regional in extent.  

Fifteen gauges (out of 33) have identified changes with various return periods; some show increases, some 
show decreases. More severe events show larger changes (10 year vs. 5 year changes)

For extreme events, heavy storms are reasonably large in spatial size, and influence a number of gauges (e.g. 
throughout the vicinity of Toronto). This indicates the possibility exists to interpolate intensity estimates for 
ungauged sites in a homogeneous region. 

Relaxing the confidence level from 90% to 80% identifies two extra gauges (Brantford Moe and Toronto 
Ellesmere) with significant changes (i.e. not very many). Annual Changes (%/year) in 1 hour Duration Design 
Rainfall between two Time Periods, for selected stations, are presented in Table 1. 

Table 1. Annual Changes (%/year) in 1 hour Duration Design Rainfall between Two Time Periods, for 
selected gauges in Ontario

Gauge

Recurrence intervals 

Gauge

Recurrence intervals 

2 year 5 year 10 year 2 year 5 year 10 year
Preston Wpcp 2.09% Windsor A -0.80%

Waterloo Wellington A 1.17% 2.24%* 3.01%* Toronto City -0.75%

Belleville 1.49% 1.50% 1.25%
Toronto Lester B. 

Pearson Int’l A -0.64% -1.20% -1.24%
Delhi Cs 0.41%* 1.35% 1.65% Toronto Island A -1.99%* -2.76%

Bowmanville Mostert 1.37% Toronto Ellesmere -1.21%*
Trenton A 0.70%* 2.15% 2.49% Chatham Wpcp -1.40% -1.67%

Brantford Moe 0.39%* Ottawa Macdonald-
Cartier Int’l  A -1.44% -1.28%Picton -1.59%* -2.20%

Note: * Only significant with 80% confidence level
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To explain Table 1, the changes at Waterloo Wellington Gauge, the 5 year event estimated based on record 
from 1971 to 1983 is 25.81 mm/hr, and that of the second time period, from 1984 to 2007 is 35.64 mm/hr. The 
change between these two estimates is 38%, over a period of 17 years (from 1977, the middle year of the 1st 
time period, to 1994, the middle year of the second time period, since record of 1997, 1999 – 2002, and 2004 
are missed.). Therefore, the averaged annual changing rate at this gauge is 38% / 17 years = 2.24% per year.

Seasonal analyses of idf curves temporal trends
(methodology and discussion)

There is interest in seasonality of the IDF curves to determine if there is greater significance within the 
individual seasons. The seasonal changes in IDF curves might increase erosion during the spring and fall, when 
the vegetative cover is not so substantial. Furthermore, during the spring flooding, there may be severe erosion 
due to snow melting and lower soil infiltration capacities combined with more intense storms. Partial- duration 
series ranking of data outlined in the preceding section, is used for  IDF curves seasonal trend analyses; for 
spring (i.e. March-May), summer (i.e. July - August), and fall (i.e. September - November) seasons, excepting 
the winter season (i.e. December- February) as the prevalent form of precipitation during this period is 
snowfall. Probability distribution applied in extreme rainfall analyses at 12 stations across Ontario is Gumbel 
(Extreme Value I) two parameter distribution since it is the used by Environment Canada and most national 
meteorological services worldwide according to the World Meteorological Organization (1981).  Gumbel 
distribution frequency factor (Kt) is calculated by equation 1 (Chow, 1953) and recurrence values for different 
rainfall duration are estimated by equation 2.

                                                                                    (1)     
                                                                                                  

  (2)

In the above equation X PDS represents mean, S PDS  is standard deviation for partial-duration series.

Due to the large number of seasonal analyses (144 from 3 seasons x 6 recurrence intervals x 8 durations) for 
each evaluated station, the overall results for seasonal IDF alterations are presented in Figure 3 that summarizes 
the results for each seasonal trend analyses at each station, for all frequencies, and durations. 

Figure 3: Station names and IDF Curves seasonal Trend Analyses results for the exhibited localities 
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In general, the seasonal trends in rainfall magnitude demonstrate significant shifts, regardless of durations, 
seasons and recurrence intervals at all stations in Ontario. Trends evaluation is based on observed data 
comparison between two equal time periods (approximately 15 years). The IDF seasonal curves were 
calculated for specific durations (5, 10, 15, 30, 60, 120, 360 and 720 min) for all stations presented in Figure 3. 
The summarized results of the extreme point rainfall intensities temporal change assessment for 1-h duration 
storms and 3 seasons temporal changes in seasonal IDF curves for frequent storms, namely 2,5,10 years, are 
presented in Table 2. For the fall season SON in Waterloo, 5 year storm of 1 –h duration for pre-mid interval 
(1970-1984) is 16.75 mm/hr and for post- mid interval (1985–2003) is 20.18 mm/hr which represents an 
increase of 22 % during the post-mid interval. It is evident from Table 2 that pattern of seasonal changes is not 
uniform even within the same region, e.g., decreasing trend is detected in Kingston for spring and fall, and for 
other stations in Central Ontario the increasing trends are prevalent for all seasons. During the summer, the 
largest changes between the two time series are evident for the majority of stations, except in northern Ontario. 
Hence, despite the fact that changes in IDF curves have some regional characteristics evaluation of local point 
rainfall might provide better insight for the future stormwater management infrastructure design requirements.

Table 2. Temporal Changes (%/ time period) in Seasonal IDF curves for 1 hr duration storm 

Region Station name
Observa-

tion
Period

Record 
Length

Recurrence intervals

2 year 5 year 10 year
MAM JAJ SON MAM JAJ SON MAM JAJ SON

  Change (%) Change (%)  Change (%)

South
Ontario

Delhi 1962-1995 34 -5 28 9 -5 29 2 -6 29 -2
Port Colborne 1964-2000 37 -4 -4 2 5 13 -4 11 22 -7

Sarnia 1970-2003 34 6 25 38 6 53 6 6 66 -4
Waterloo ** 1970-2003 33 17 37 25 16 41 22 16 44 20

Central
Ontario

Bowmanville 1966-2001 36 21 25 44 37 21 32 45 19 27
Burketon 1969-2001 33 19 12 28 34 41 52 41 31 64
Kingston 1960-2003 44 -8 18 -16 -29 18 -7 -36 18 -2
Orillia * 1965-1992 28 6 20 18 -3 14 40 -6 11 53
Oshawa 1969-2003 34 11 16 41 -5 2 60 -11 -4 69

North
Ontario

Chalk River 1962-1995 34 20 2 1 32 10 10 38 13 15
Sudbury 1971-2002 32 10 23 13 -5 12 42 -12 7 57

Timmins  *** 1969-1999 30 0 5 -25 5 20 -20 8 27 -17

Mann-kendall tests application 
(methodology and discussion)

Trend examination in precipitation intensities in Ontario for twelve stations and different length of records 
were completed by Mann – Kendall test application on the annual totals for number of dray days and amount 
of rain.  This non-parametric, rank- based test and distribution free test is widely used in practical applications 
where the assumption of normality cannot be met, e.g. Burn and Elnur (2002) used this test for regional 
hydrologic trend analyses in Canada, Adamowski and Bougadis (2003) applied it in extreme rainfall trend 
detection study, etc. 

The results are exhibited in Table 3. In summary, at 7 stations, increases in number of days with no rain were 
observed, with 2 statistically significant trends, namely, lZ0l > 1.96. At 5 stations there are decreasing trends 
for number of dry days, with statistically significant tests at Sudbury station (i.e. -2.953). 

For the total annual amount of rain there are 8 downward trends of which 3 are statistically significant at 5% 
level. At 4 stations, upward trend tests were identified, but only one test is significant at 5 % level (i.e. for 
Delhi). 
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There is no homogeneous trend prototype which can be applied in any region within the Province of Ontario 
based on these analyses. At Timmins station which is located in northern Ontario the statistically significant 
trends were detected similar to those in central part of province for number of dry days, while for total  annual 
amount of rain the trend observed at Timmins is similar with trends observed in south and central Ontario, at 
Port Colborne and Kingston, respectively.

Table 3. Results for Mann-Kendall Trend Tests for 5% Level of Significance at 12 Locations in Ontario

Station Name
Z0

(Dry Days)
Z0

(Amount of Rain)
Bowmanville -0.187 1.049

Burketon 2.278 0.449
Chalk River -0.865 0.252

Delhi -0.200 2.164
Kingston 0.625 -2.438

Orillia 1.153 -0.672
Oshawa 0.220 -0.119

Port Colborne 1.264 -2.747
Sarnia 0.000 -1.275

Sudbury -2.953 -0.730
Timmins 2.205 -1.998
Waterloo 1.386 -1.023

Conclusions

A variety of analyses applied in this research indicate the variability in the heavy rainfall intensities and the 
results are in agreement with most of preceding climate change studies.

The possibility for intensity interpolation at the ungauged localities exist since the design storms temporal 
changes exhibit similarities within the regions.

It is difficult, on the basis of information that is available, to make broad conclusions about climate change 
based on changes identified in design rainfalls. 

The consistency of the findings for  seasonal IDF curve temporal assessment indicate that heavy rainfall 
intensities are changing for all durations and recurrence intervals presented in this paper with majority of the 
increasing trends.

Mann –Kendall trend tests of number of dry days and total amount of rain at all stations demonstrated presence 
of trend in both variables with different level of significance and no simple trend explanation that is feasible 
for either individual stations or regions across Ontario.

Instead of considering just change in pipe size as a mitigation option to increase in heavy rainfall, a broader 
view of response for stormwater management might be more appropriate, e.g. to improve infiltration, rain 
water harvesting, stormwater ponds that could be enlarged, etc.

There is no universal change throughout Ontario; therefore, stormsewer systems should be designed with 
flexibility, to adapt to potential future changes. 
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Introduction

The earth average temperature is increasing due to greenhouse gas emissions, and recent IPCC scenarios have 
estimated a global average temperature increase of 0.76 degree in past century and 1.1- 6.4 degree in present 
century. In addition to changes in mean climate variables, changes in precipitation boundary values compared 
to its past values would be other outcome which means an increase in the severity of dry or wet years and also 
consecutive years of their occurrence (IPCC, 2007a). This phenomenon, which is referred to as climate change, 
has different effects on the hydrological cycle and natural resources and these effects are different for different 
regions of the earth (Purkey et al., 2007).

In studying the impact of climate change on water resources, climate and hydrological characteristics of the 
river basin have been considered in many studies and trends of changes in temperature and precipitation are 
studied by using maximum number of climate models in future (Wang et al., 2006, Jason, 2008). Christensen 
and Lettenmaier (2006) studied the Uncertainties in impact of climate change on water resources by using 
outputs of 11 AOGCM models and simulations of VIC hydrology models in the United States and depicted 
role of this uncertainty in impacts on water resources. In another study Semenov and Stratonovitch (2010) 
examined uncertainties in climate predictions by using outputs of an ensemble of 15 GCM models and then 
assessed the impact of climate change on the risk of heat stress during grain development in four different 
areas in Europe. Furthermore, Kamal and Massah Bavani (2011) by using an ensemble of nine GCM models 
evaluated uncertainties in GCM models and hydrology models in predicting temperature and precipitation and 
runoff in Qharesue basin under the impact of climate change. Results of this study indicate that taking into 
account the uncertainty associated with GCM and hydrology models will result in more precise determination 
of changes in the runoff.

Data and methodology

In this study LARS-WG model was used to downscale outputs of GCM models. The model can investigate 
changes in the scale of a particular station and is capable of producing synthetic daily time series of minimum 
temperature, maximum temperature, daily precipitation and daily total solar radiation. Doshan Tappeh station, 
situated in west of Tehran, was selected as a case study due to having the longest observation period, and 
39-year period of 1972-2010 was considered as the baseline period. In this study we have tried to investigate 
uncertainties in GCM models’ predictions of minimum temperature, maximum temperature, precipitation and 
solar radiation for Doshan Tappeh station in Tehran. For this purpose output results of 15 GCM models, used 
in the 4th IPCC assessment report, were employed and predictions were achieved for three climate periods 
of 2011-2030, 2046-2065 and 2080-2099 by considering A1B greenhouse gas emission scenario which is 
considered as a moderate scenario. Predictions are depicted by using box plots. This way allows us to consider 
all 15 GCM predictions that are brought together in a single graph for the station under study. Therefore, one 
can compare the range of uncertainties in predictions for every variable in different months of the year and 
even between different climate periods and obtain a picture of the extent of variability in future climate.
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Results and discussion

In order to compare the extent of uncertainty that has entered the results after the downscaling process, range of 
downscaled daily values in comparison with range of long term monthly averages of undownscaled variables, 
achieved from an ensemble of 15 GCM models, are shown in picture 1. For each month, small boxes on the left 
show the range of long term monthly averages of predicted maximum temperature by 15 GCM models. Also 
boxes on the right show the range of daily maximum temperatures that are downscaled by LARS model and 
are obtained from all of the downscaled daily values   for each month during every climate period (20 years). 
Long term monthly average of each variable in the baseline period is plotted under the boxes. Both graphs 
show the temperature increase over the average of baseline period and this trend grows in long term. However, 
there is a significant difference in the range of predicted maximum temperature in two methods. Downscaled 
values by LARS model show a wider range of uncertainty than undownscaled long term monthly averages by 
15 GCM models. This is due to the increased temporal resolution (from monthly average to daily values) and 
spatial resolution (from network grid to station scale) of variables. 

Changes in each of variables in the coming decades were also examined from the perspective of average 
decadal change. For this purpose, downscaled daily values of each variable during the year and for each decade 
was used in every box. Picture 2 compares box plots of average decadal change of maximum temperature, 
minimum temperature and solar radiation with long term average of each variable in their baseline period. 
Per each box, forecasts of 15 GCM models are brought together. As the graphs indicate, decadal trend for 
minimum temperature, maximum temperature and radiation is expected to increase.

Figure 1: Long-term monthly average of maximum temperature (left) compared to downscaled daily values 
of maximum temperature (right) for each month
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Figure 2: Box plot of decadal change of maximum temperature, minimum temperature and solar radiation 
compared with the long-term average of baseline period
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Climate variability and changes may have a major impact on environment and society, possibly triggering 
higher intensity and frequency of the natural hazards and significant adaptation of the communities. The South-
Eastern Europe (SEE) is a complex region, with a large variety of natural landscape, where profound historical 
and economical changes have occurred in the latest decades. The current SEE’s climate is shaped by the 
interaction between different atmospheric and topographic influences (e.g. Azores Anticyclone, Mediterranean 
Cyclones, Carpathian Mountains), while for the end of this century the 4th Intergovernmental Panel on Climate 
Change Report (IPCC, 2007) refers to major temperature increases (1.7°C to 2.7°C) and precipitation reduction 
(10% to 30%) in all the seasons, even under moderate IPCC emission scenarios like A1B. In the southern 
Europe, the climate models agree on the thermal signal, though with different magnitude, but they return either 
positive or negative trends in the case of precipitation for the horizon 2021-2050. Downscaling the results 
of various Regional Climate Models (RCM) to local scale and thorough investigations on the projection of 
different climate variables is an essential support for the development of the SEE societies through the 21st 
century. The area is periodically affected by devastating floods or prolonged droughts, with direct impacts on 
the water resources, triggering significant costs and even casualties; therefore, the population, scientists and 
stakeholders show an equal and substantial interest in understanding the future climate challenges.

Since 2007, the South East Europe Transnational Cooperation Programme (SEE Programme) has become a 
unique instrument aiming to improve the integrated assessment of issues relevant for the region, including 
climate change and its impacts. The project CC-WaterS (Climate Change and Impacts on Water Supply) 
developed between 2009 and 2012, and resulted in a climatic database containing daily temperature and 
precipitation at 25-km spatial resolution for the SEE countries. The data represent outputs of RCMs and cover 
the interval 1961-2050 (http://www.ccwaters.eu/downloads/WP3_Final_Report_version_12.2010.pdf). In the 
follow-up of the project CC-WaterS, the project CC-WARE (Mitigating Vulnerability of Water Resources 
under Climate Change) is running from 2012 to 2014, aiming to develop an integrated transnational strategy 
for water protection and mitigating water resources vulnerability (http://www.ccware.eu/). Eventually, the 
climatic perspective of the next decades is a primary input for the water national and transnational policy, so 
that reliable approaches of the climate variability are increasingly needed.

This study has been performed within the project CC-WARE, and it analyzes the variability of the temperature 
and precipitation in the SEE area, focusing on the climatic characteristics of the period 2021-2050, in 
comparison with the present climate (1991-2020), and the recent decades (World Meteorological Organization 
reference period, namely 1961-1990), at seasonal scale, and 25 km-spatial resolution. The analysis roughly 
covers the area between 35° and 50°N, and between 5° and 30°E, including all the project partner countries. 
The input temperature and precipitation data were available from the project CC-WaterS. The following 
variables have been tackled: air temperature; precipitation amount; potential evapotranspiration (PET); aridity 
indices (de Martonne, and UNEP); drought indices (Standardized Precipitation Index – SPI, and Standardized 
Precipitation Evapotranspiration Index – SPEI). The PET was calculated based on the Thornthwaite equation. 
The annual de Martonne aridity index is the ratio between the precipitation amount and the average air 
temperature plus ten. The UNEP aridity index is calculated as the ratio between precipitation and PET. The SPI 
and SPEI are dimensionless indices, computed by standardization the precipitation datasets and, respectively, 
the difference between precipitation and PET, after a Probability Distribution Function (e.g. gamma, Pearson 
III) was applied. The 3-month values SPI and SPEI were employed in this study. All the approaches are largely 
used in climatology and hydrology, and extensively documented in the scientific literature. The data were 
gridded at 25-km resolution, and no interpolation or data filling method were applied.

Basically, the study addresses the following questions: how the aridity will change in the SEE region in the next 
decades? should we expect more intense or more frequent drought events? what about precipitation surplus? 
how important is the air temperature’s influence on the drought events?
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The analysis has been performed within the SEE exploits the outputs of three RCMs: RegCM3 (ICTP), Aladin 
(CNRM), and Promes (UCLM). RegCM3 is the third generation of the RCM originally developed at the National 
Center for Atmospheric Research during the late 1980s and early 1990s. The model is supported by the Abdus 
Salam International Centre for Theoretical Physics (ICTP) in Trieste, Italy (http://regclim.coas.oregonstate.edu/
dynamical-downscaling/model-description/index.html). Aladin-Climat Model couples different components 
of the climate system (atmosphere, ocean, land-surface, sea ice) and it has been developed and run by National 
Center for Meteorological Research (CNRM-MeteoFrance). Various domains exist on Europe, at various 
horizontal resolutions (10, 25, and 50 km) (http://www.cnrm-game.fr/spip.php?article125&lang=en). Promes 
is a tridimensional numerical model developed by the University of Castilla La Mancha (Spain), constantly 
enhanced since 1993, and used in numerous intercomparison exercises over Europe and South America, at 25 
and 50 km spatial resolution (http://www.icam.uclm.es/index.php?id=g06&sec=presentacion). The outputs of 
each model have been explored, and they may be used individually, considering the differences in their skills 
to reproduce the climatic features of the area of interest. Further, for each variable, the outputs were aggregated 
and they were used as an ensemble within the project CC-WARE. According to the project objectives, the 
variables were divided in categories that allow the identification of climate homogenous regions, e.g. more or 
less arid, more or less affected by drought of various categories.

The results are consistent with previous studies mentioned in previous projects or initiatives (e.g. FP6 Project 
ENSEMBLE; IPCC 2007), and they provide a functional view on the climatic input that will control the 
water resources of the SEE countries in the decades to come. The general frame will be represented by 
overall temperature increase with different amplitudes by season and by area; for example, the autumn 
average temperature in the 2021-2050 period will be with 1.3° to 2.2°C higher than the average during 
the WMO reference period (1961-1990). The highest augment will be in the eastern areas (e.g. Romania, 
Bulgaria, Greece). While comparing the same time intervals but for precipitation, one can remark a clear 
distinction between the northern half of the area of interest and the southern part. Thus, in respect of the annual 
precipitation, there is a positive trend in most of the areas at north of the 45°N parallel (e.g. 40-120 mm in the 
Alps), whereas less precipitation will characterize the southern territories (e.g. -80 to -120 mm in many spots 
of Greece). As a result, the evapotranspiration is very likely to be raises, and the highest differences roughly 
follow the precipitation pattern. One could assume significant changes in the aridity characteristics of the SEE. 
Nevertheless, both the UNEP and de Martonne aridity indices reveal that only a few limited areas might be 
shifted from one category to another. The sub-humid (UNEP between 0.66 and 0.75) and dry sub-humid (0.51-
0.65) territories in the south-eastern extremity of the region are expected to become more arid in the future, 
enlarging the areas covered by dry sub-humid and semi-arid (0.25-0.50) characteristics. As regards the drought 
events intensity and frequency, the SPI and SPEI based analysis at seasonal scale could not reveal significant 
changes, with enough spatial consistency to emphasize homogenous areas. Fluctuations between ±5% in the 
frequency of moderate or extreme droughts are the most common expectation in the SEE for 2021-2050.

The concluding remarks are designed to answer the specific questions raised in the beginning of the study, 
regarding the SEE climate variability, while comparing the 2021-2050 period with the present and WMO 
reference. Based on the outputs of an ensemble of three climatic models, and the A1B IPCC storyline, the 
aridity will not shift significantly in most of the SEE territory, and no important change is expected in the 
drought events frequency and precipitation surplus. While the general view remains valuable, several remarks 
should complete the main conclusions, and guide the future research. Factors like model uncertainty, spatial 
resolution, and availability of observation data may limit the confidence in the results. The methodologies 
behind the aridity and drought indices should be refined, and their computation must be adjusted according to 
the local needs. The application of the results and outputs in various fields (e.g. agriculture hydrology) may also 
consider different approaches regarding the time resolution (e.g. agricultural year instead of classic seasons).
We hereby acknowledge the efforts and the outputs of the SEE projects CC-WaterS (2009-2011) and CC-
WARE (2012-2014). This study is entirely the result of the project CC-WARE (SEE/D/0143/2.1/X).
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Introduction

Regional climate models (RCMs) are used to simulate and explore climate system on relatively high spatial 
resolutions (typically ranging from 10 to 50 km). Recent RCMs methodology reviews are presented in e.g. 
Wang et al. (2004), Laprise et al., (2008) and Rummukainen (2010). In last decades, several international 
projects are organised for the European region in order to explore limitations and the usefulness of the RCMs: 
PRUDENCE (Jacob et al.  2007), ENSEMBLES (van der Linden and Mitchell 2009, Christensen et al. 2010) 
and EURO-CORDEX (Vautard et al., 2013, Jacob et al., 2013). Using several different regional and global 
models, and assuming different scenarios of the greenhouse gasses (GHG) concentrations, these projects 
provided estimates of the relative importance of various uncertainties in future climate change projections 
(Déqué et al., 2012). Our aim in this paper is to use the RCM simulations from the ENSEMBLES project and 
to estimate current and future precipitation variability over the topographically complex region of the Croatian 
coast.

Method

Total monthly precipitation amount from the period 1961-1990 (P0 period) from DHMZ observations 
(Zaninović et al., 2008) is compared against the simulations of the five regional climate models at the 25 km 
spatial resolution from the ENSEMBLES project (van der Linden and Mitchell, 2009). We have selected 13 
climatological stations at the Croatian coast (see Branković et al., 2013; their Table 1). The models included: 
RegCM3, REMO, RCA, HIRHAM5 and RACMO2 (e.g. Branković et al., 2013; their Table 2). Two sets of 
the RCM simulations of the P0 climate are analysed: (1) RCMs forced by the ERA40 reanalysis (Uppala et al., 
2005) and (2) RCMs forced by the historical run of the ECHAM5/MPI-OM global climate model (Roeckner et 
al., 2003). Comparison between DHMZ observations and RCM simulations is used to estimate RCMs’ errors 
in representing precipitation variability in the present-day climate. Additionally, the analysis of the second set 
of the RCM simulations is extended into 21st century where RCMs’ simulations were forced by the ECHAM5/
MPI-OM global climate model under IPCC A1B scenario (Nakićenović et al. 2000). Present-day climate (i.e. 
P0 period) is compared against future periods: 2011-2040 (P1 period), 2041-2070 (P2 period) and 2071-2100 
(P3 period) in terms of differences in coefficient of variation of total precipitation (cv) between periods. 

Results and discussion

The annual cycle of the coefficient of variation cv at the DHMZ stations in the P0 period shows southward increase 
in the precipitation variability during summer (Fig. 1a). The errors in representing interannual variability in 
RCMs when forced by the ERA40 reanalysis are larger at the locations of the southern stations. Two models, 
REMO and RCA, have notable errors at the locations of the southern stations (e.g. cv overestimation at the 
stations from 10 to 13 in the REMO model and cv underestimation at the same stations in the RCA model), 
while differences between observed and simulated interannual variability in other three models are acceptable 
(e.g. in most cases errors are between -0.3 and 0.3 (Fig. 1 b-f)). There is, in general, overlap between the 
locations and months where positive (negative) systematic errors in the mean precipitation are present in RCMs 
(Branković et al., 2013; their Fig. 6) with the underestimation (overestimation) of the interannual variability.
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Figure 1: Annual cycle (left to right in each panel) of observed (DHMZ) coefficient of variation of monthly 
precipitation cv and simulated cv at locations of 13 stations (Branković et al. 2013; their Table 1) in the period 
1961-1990. RCMs were forced by ERA-40 boundary conditions. Land-sea fraction for stations in models is 

on the right-hand side of each panel. 

Figure 2: Same as Fig. 1, but with RCMs forced by ECHAM5/MPI-OM boundary conditions.

RCMs forced by the ECHAM5/MPI-OM boundary conditions share some common characteristics of the 
previous set of simulations (Fig. 2). For example, in several models there is general overestimation of the 
variability in summer months (in REMO, HIRHAM5 and RACMO2), while in some models errors cv  is in an 
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acceptable range throughout most of the year (Fig. 2). This indicates that in both sets of the RCMs simulations, 
some important errors in representing precipitation interannual variability are present, but some models (e.g. 
RegCM3 and RCA in the northern regions) perform quite well. As expected, these errors are in most cases 
lower when RCMs are forced with realistic boundary conditions (i.e. ERA-40).

Simulated climate change of the cv shows gradual increase of the summer variability by the end of the 21st 
century under selected RCMs, boundary forcing and GHG scenario (Fig. 3). During summer months, RCMs 
simulate an increase in the mean temperature at 2 m and reduction of the summer total precipitation (Branković 
et al. 2013; their Fig. 10&11). The amplitude of the signal varies from model to model, but in general we find 
a decrease in the total precipitation amount and an increase in the interannual variability by the end of the 
century at the Croatian coast. The sign of the simulated climate changes corresponds in many cases to the same 
sign of the errors in the precipitation variability. This suggests that same process may explain both results. 
However, in order to explore this question, further work is needed. Potential explanation is probably linked 
with the exactness of the large-scale flow simulated over this region.

Figure 3: Annual cycle (left to right in each panel) of differences in coefficient of variation cv at locations 
of 13 stations (Branković et al., 2013; their Table 1) between the period 1961-1990 and periods 2011-2040 

(top), 2041-2070 (middle) and 2071-2100 (bottom).

Conclusions

Regional climate models from the ENSEMBLES project are used to estimate climate changes in precipitation 
interannual variability at the Croatian coast under the A1B scenario. Although the presence of errors 
in coefficient of variability cv in simulations of the present-day climate limit the usefulness of the climate 
projections in the near future, a consistent signal of the increase in the summer precipitation interannual 
variability emerges as simulations progress to the end of the 21st century. Together with the projections of the 
climate change of the mean temperature and precipitation (e.g. Branković et al., 2013), this indicates potential 
major changes in the climate of the Croatian coastal zone. We expect future projects of this type would provide 
climate simulations with the reduced systematic errors in RCMs and climate projections under several GHG 
concentrations scenarios.
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Abstract

Integrated water resources management in transboundary river basins constitutes a complex and 
multidisciplinary challenge due to the linkage with different sectoral policies and national priorities. River 
basin commissions are established worldwide to tackle this challenge and to improve the way our waters are 
managed. The International Commission for the Protection of the Danube River (ICPDR) was established in 
1994 for the cooperation of the Danube countries in this most international river basin in the world. In line with 
the requirements of the EU Water Framework Directive, the first Danube River Basin Management Plan was 
developed and published in 2009 to reach ‘good water status’ and to ensure sustainable water management. 
Different ‘Significant Water Management Issues’, commonly agreed amongst the Danube countries, are 
addressed in the plan. Impacts on the water cycle and related uses are the key issues in relation to climate 
change. Therefore, the need to adapt the Danube River Basin (DRB) to these changes was recognised as one of 
the priorities by the Danube countries, resulting in the adoption of the Danube Ministerial Declaration (2010) 
which asked for the development of a Climate Adaptation Strategy for the DRB. The strategy was finalised in 
2012 and provides guidance on how to address climate adaptation in the DRB. It is scientifically based on the 
‘Danube Study – Climate Change Adaptation’. The study synthesises available information on climate change 
and adaptation relevant for the DRB, including data and confidence levels for different variables, seasons and 
regions within the Danube basin.

Keywords: Climate Change Adaptation, Strategy, Danube River Basin, Water, Management Plans, Adaptation 
Measures

Introduction

Water resources vulnerability to climate change and its effects on sustainable water management became one 
of the priority topics in many parts of the world. Also for the Danube River Basin (DRB) it was recognised 
that climate change impacts will pose an increasingly significant threat in this most international river basin in 
the world if the reduction of greenhouse gas emissions is not complemented by climate adaptation measures. 
Due to changes in temperature and precipitation, impacts are expected on a transboundary scale because water 
and its availability is a cross-cutting issue with major relevance for different sectors. Therefore, water is a key 
focus for adaptation steps on different levels and for integrating different stakeholders and interest groups. 
Although more work still needs to be done to clearly understand the scale and magnitude of pressures and 
impacts stemming from climate change, actions can and must be taken now on adaptation, what is among the 
priorities for the overall management of the DRB. As the most recent step, a Strategy on Adaptation to Climate 
Change has been developed and adopted by the International Commission for the Protection of the Danube 
River (ICPDR), as asked for in the Danube Ministerial Declaration from 2010 (ICPDR, 2010). The strategy 
is based on the research study “Danube Study - Climate Change Adaptation” (Prasch et al., 2012), which 
integrates the results from 90 research and development projects within the DRB in order to provide a solid 
scientific foundation.

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Protecting the danube river basin

Historically, human activities such as industries, agriculture and households have put pressure on ecosystems 
of the DRB, contributing to decades of decreasing water quality. Problems built up that could not be addressed 
by individual countries alone. With the fall of the Iron Curtain in 1989, a new window of opportunity opened 
for the Danube countries and the need for cooperative water management became more obvious than ever.

In 1994, the Danube countries that have territories within the DRB covering an area of more than 2,000 square 
kilometres signed the Danube River Protection Convention (ICPDR, 1994). The three main areas for action 
include the protection of water and associated ecological resources, the sustainable use of water as well as the 
management of floods and ice hazards within the DRB. Today, the Danube River Protection Convention has 15 
contracting parties: 14 countries and the European Union. Together, they form the International Commission 
for the Protection of the Danube River (ICPDR). Its permanent secretariat is based in Vienna and started its 
work in 1998.

Water policies, management plans

In 2000, the European Union (EU) adopted the EU Water Framework Directive (WFD) (European Commission, 
2000). It mandates water management according to the outlines of natural river basins rather than national 
or other administrative borders. Alongside the implementation of the EU Floods Directive (EFD) of 2007 
(European Commission, 2007), the WFD is ICPDR’s highest priority as all its contracting parties, including 
the non-EU countries, agreed to coordinate its implementation. This involved the development of a DRB 
Management Plan (DRBM Plan) in 2009 (ICPDR, 2009), based on an analysis of the main pressures, water 
uses and environmental conditions in the basin. The DRBM Plan and the Danube Flood Risk Management 
Plan, which are in need to be developed and periodically updated according to a 6-years management cycle, 
constitute the key tools for water management in the Danube basin towards healthier river environments, 
sustainable water use and the protection of citizens.

Framework conditions for adaptation to climate change

Beside several EU Directives and policies that contribute to efforts for adapting the water sector to climate 
change (e.g. WFD and its daughter directives, EU Policy on Water Scarcity and Drought), there are several 
additional activities and developments which are important for adaptation. National communications under 
the United Nations Framework Convention on Climate Change (UNFCCC) for instance, which include 
information on relevant related developments at national level, are mandatory for all countries that signed 
the Convention. The EU White Paper on Adaptation (2009) calls for a more strategic approach to climate 
change adaptation across different sectors and levels of governance, inter alia, to promote strategies which 
increase resilience to climate change. The EU CIS Guidance document No. 24 (2009) presents steps for the 
integration of climate change in the 2nd and 3rd River Basin Management (RBM) cycles. Furthermore, the 
UNECE Guidance on Water and Adaptation to Climate Change (2009) aims to support decision makers from 
the local to the transboundary and international level by offering advice on the challenges caused by climate 
change to water management and water-related activities and for developing adaptation strategies.

The more recently developed Blueprint to Safeguard Europe’s Water Resources (2012) has the general objective 
to improve EU water policy in order to ensure good water quality in adequate quantities for all authorised uses. 
It aims to ensure a sustainable balance between water demand and supply, taking into account the needs of 
both, people and the natural ecosystems they depend on. Finally, the European Climate Adaptation platform 
(CLIMATE - ADAPT) provides information on expected climate change, the current and future vulnerability 
of regions and sectors, national and transnational adaptation strategies, adaptation case studies and potential 
adaptation options and tools that support adaptation planning.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 1 illustrates the current status of adopted or planned National Adaptation Strategies. Most of the Danube 
countries have a National Strategy or are preparing one. This reflects the growing recognition of climate 
change impacts and the rising awareness of the necessity to adapt to climate change.

Figure 1: Overview of the status of National Adaptation Strategies in the DRB in January 2012. 
(Source: ICPDR Strategy on Adaptation to Climate Change)

Climate change scenarios in danube river basin

The Danube study stressed that in order to assess the future development of climate parameters, air temperature 
and precipitation, most of the projects and studies use the Intergovernmental Panel on Climate Change (IPCC) 
emission scenarios A1B, A2, B1 and B2. However, other emission scenarios are also applied in a few projects 
and studies.

Different Global and Regional Circulation Models are used as meteorological drivers, so spatial resolution 
of the simulation results varies. The future development is mainly based on single model runs, only some 
projects use ensemble model runs. Finally, different dynamical and statistical downscaling methods are applied 
to model the future development of air temperature and precipitation with a spatial resolution between 1 
km and 10 km. As reference periods mainly the periods 1961-1990 and 1971-2000 are used and most of the 
simulations are projected for the future periods 2021-2050 and 2071-2100.

With regard to temperature, in total, 59 projects and studies with statements regarding IPCC scenarios or 
trends were analysed, and all of them assume a temperature increase during this century, both annually and in 
every season, with a rising gradient from north-west to south-east in the DRB. While there are considerable 
differences in the investigated areas due to climate influencing factors like altitude, mountainous massifs and 
seas, the main future trends are similar for all areas. Also the mean temperatures of all seasons are likely to 
increase, only for winter all models show a relatively high uncertainty. Details on the expected temperature 
changes for the time periods 2021–2050 and 2071-2100 can be obtained from Figure 2.

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Figure 2: Change of mean annual and mean summer temperature in the Danube River Basin for 2021-2050 
and 2071-2100 according to A1B scenario of different model results (Source: LMU)

For precipitation, the DRB is located in the transition zone between expected increasing (Northern Europe) and 
decreasing (Southern Europe) future precipitation (Figure 3). According to the analysed projects, mean annual 
values in many countries of the DRB will most likely remain almost constant, but seasonally and regionally 
large changes are projected for the twenty-first century. A decrease in summer precipitation and an increase in 
winter precipitation in most areas are to be expected. While winter variability increases significantly, there are 
no clear trends for spring and autumn.

2021-2050 2071-2100

Figure 3: Change of mean annual precipitation in the Danube River Basin for the periods 2021-2050 and 
2071-2100 according to A1B scenario of different model results (Source: LMU)

With regard to extreme weather events, the simulations show for the DRB a future increase in intensity and 
frequency of dry spells, hot days and heat waves as well as increases in heavy rainfall, but the latter is uncertain 
in spatial and temporal allocation. Due to the warming trend fewer frost days are probable in winter. Whilst 
for the Upper Basin a general increased risk of storm-related heavy precipitation with high wind speeds is 
assumed, for the Middle Basin the amount of extreme precipitation days are expected to increase in winter and 
decrease in summer.
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Water–related impacts and uncertianities

The Danube study considers several climate change impacts on water-related issues. This includes impacts on 
water availability, supply and demand, groundwater, snow cover and runoff as well as impacts on different 
water uses, which encompasses agriculture, irrigation, forestry, land use, soils, biodiversity and ecosystems, 
limnology and water-related energy production, navigation, health and tourism.

Basically, the impacts on water-related sectors are triggered by temperature and precipitation changes. The 
main impacts in connection with water management are the availability of water, extreme hydrological events, 
the quality of water and impacts which affect the water user sectors. Temperature and precipitation changes 
may cause reduction in water availability, groundwater recharge and decreases in snow and glacier ice storage 
and soil water content. Furthermore, changes in seasonal runoff regimes, with a likely decrease in summer and 
increase in winter, are triggered by changes in rainfall distribution and evapotranspiration, as well as reduced 
snow storage. Increasing water temperature may also cause greater pressures on water quality. No clear picture 
can be provided on changes in flood magnitudes and frequencies, but more intense, longer and more frequent 
droughts, low flow and water scarcity situations are expected.

All these impacts can cause changes in ecosystems and biodiversity with shifts of the aquatic and terrestrial 
flora and fauna. Regarding water users, climate-related increases in water demand of households, industry and 
agriculture are expected, causing higher water stress in water-dependent sectors such as agriculture (irrigation), 
forestry, navigation and water-related energy production. But positive effects on different sectors were also 
observed, like the reduction of ice days on rivers or longer vegetation periods.

Despite the uncertainties in climate change impacts, which are specifically addressed in the Danube study, 
possible adaptation measures are introduced for each impact area. In order to avoid regrettable adaptation 
activities, these measures are focused on win-win and no-regret options, because measures of these categories 
minimize climate risks but also have other social, environmental or economic benefits.

Many different factors are influencing the certainty of the statements about climate projections and climate 
change-related impacts on the water sector. Figure 4 summarizes the main factors, which lead to different 
levels of uncertainty for these statements.

Figure 4: Main factors influencing uncertainty in climate change analysis (Source: ICPDR Strategy on 
Adaptation to Climate Change)

To give “uncertainty” respectively “certainty” a tangible form, three variables are used in the Study to determine 
a certainty category for climate parameters and impacts: 1. certainty of statements; 2. level of agreement 
between different statements; and 3. number of analysed studies.
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The certainty of the projections for temperature and precipitation are high and the certainty of water and 
temperature-related impacts show mostly a medium certainty. Some tend to a higher category, such as for 
agriculture, runoff and drought. For the most analysed sectors, the certainty category indicates that changes are 
to be highly expected and that adaptation measures should be required now in water management. The overall 
level of certainty should be taken into account in the development of future adaptation measures. A high level 
of certainty may allow for the preparation of adaptation measures at an early stage and/or with more detail, 
whereas a low level of certainty may lead to more general types of measures (e.g. no-regret measures or win-
win solutions).

Potential impacts are an important element of a vulnerability assessment, which defines the degree to which 
a system is susceptible to, and unable to cope with, adverse effects of climate change. There is currently 
no consistent and homogenous vulnerability assessment, neither qualitative (descriptive) nor quantitative 
(based on indicators), which exists for the Danube River Basin as a whole. However, as a first step towards a 
vulnerability assessment, the existing impact analysis creates a common understanding and knowledge base, 
and helps to raise awareness about current and future challenges connected with climate variability and change.

Possible adaptation measures

The Danube study includes a summary of possible adaptation measures for each investigated impact field, 
which can be ordered according to different categories (for example, based on the United Nations Economic 
Commission for Europe Guidance on Water and Adaptation to Climate Change ). Possible adaptation measures 
can include preparatory measures for adaptation (e.g. intensified monitoring activities to assess climate 
change impacts or forecasting and warning systems, further research to close knowledge gaps), ecosystem-
based measures (e.g. implementation of a green infrastructure to connect biogeographic regions and habitats, 
protection and restoration of water-retention areas), behavioural/managerial measures (including support for 
education, capacity-building and knowledge transfer or promotion of water-saving behaviour), technological 
measures (e.g. improvement of infrastructure such as more efficient irrigation systems in agriculture or the 
construction and modification of dams and reservoirs for different purposes like drinking water supply), as 
well as policy approaches (like support of an institutional framework to coordinate activities e.g. on flood risk 
management).

Outlook and next steps

The adoption of the ICPDR Strategy on Adaptation to Climate Change in December 2012 constitutes an 
important step towards adapting the DRB to climate change. By addressing the whole basin, it helps to generate 
a joint understanding of the issues and identify the required transboundary actions. The strategy guides the 
way to fully integrate climate adaptation in the work of ICPDR by making best use of existing structures and 
water management instruments, in particular the WFD and EFD and related management plans. Therefore, 
the 2nd DRB and 1st Danube Flood Risk Management Plan, due by 2015 and to be updated according to six-
year planning cycles, will be the key tools for implementing adaptation measures. This requires cooperation 
between different sectors and different levels of management. ICPDR will focus in this process on the issues 
that are relevant for the basin-wide scale.

For further information please get in contact with the ICPDR secretariat - http://www.icpdr.org

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Introduction

In 2000 the Water Framework Directive (WFD) established a legal basis to protect and restore clean water 
across Europe and ensure its long-term, sustainable use. The general objective of the WFD is to get all water 
— lakes, rivers, streams and groundwater aquifers — into a healthy state by 2015. The achievement of EU 
water policy goals is threatened by a number of old and emerging challenges, including water pollution, water 
abstraction for agriculture and energy production, land use and the impacts of the climate change. 

The EU’s policy response to these challenges is the 2012 Blueprint to safeguard Europe’s water resources. 
The overall objective of the Blueprint is to improve EU water policy to ensure:
• good quality water, 
• in adequate quantities, 
for all authorised uses. 

The Blueprint will encourage a move towards what we call ‘prevention and preparedness’. It will ensure a 
sustainable balance between water demand and supply, taking into account the needs of both people and the 
natural ecosystems they depend on. 

The Blueprint’s policy recommendations are be based on the results of the following ongoing assessments.
• Analysis of the WFD’s river basin management plans - giving information on how Member States have 

improved their water management  - this increase the ability of the MS for Hydrologic Monitoring to 
identify pressures and  getting in-puts of results of the implemented actions,

• Review of the 2007 policy on water scarcity and drought - including water efficiency measures – MS 
provided specific studies for Low Flows Thresholds and Geomorphological Indicators as support rules for 
water management decisions,

• The evolution of water resources: water’s vulnerability to climate change and man-made pressures such 
as urbanisation and land use – MS should provide maps for Hazard and Risk estimation  for flood, drought 
under the climate change scenarous conditions,

• Outcome of the fitness check of EU freshwater policy – including research studies for hydrologic 
parameterizations, as support for policy decision

Different research studies were conducted for getting in-puts for climate change impact on water resources at 
the large basin level, getting the following results for Romania:
• 2010 - Methodology for CC estimation on the maximum discharges (case study Mureș)
• 2011 - CC assessment on maximum discharges (case study Siret)
• 2012 - CC assessment on maximum discharges Jiu and Ialomiţa”

The financial instruments were different, research studies under FP6-FP7 financial instruments, as: CECILIA, 
http:/www.cecilia-eu.org/, CLAVIER, http://www.clavier-eu.org/, ENSAMBLES, http://www.ensembles-
eu.org/,  IS-ENES, https://is.enes.org/the-project, ECLISE, http://www.eclise-project.eu/, or the Romanian 
research Program financial instrument: CLIMHYDEX -“Climate change impact on hydrological extremes in 
Romania”,  http://climhydex.meteoromania.ro/.

At the Danube Ministerial Conference in 2010, Ministers emphasized that the impacts of climate change will 
increase and develop into a significant threat in the Danube River Basin if the reduction of greenhouse gas 
emissions is not complemented by climate adaptation measures. Also the 1st Danube River Basin Management, 
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adopted in 2009, draws first conclusions and identified future tasks in this regard. Romania is one area in the 
basin will be strong impacted by decreasing water resources. CLIMHYDEX Project is a reaction to these facts, 
and focused in particular on a better understanding of the climate change mechanism at a regional and local 
scale, identifying the main impacts of climate change on water resources and sectors, potential adaptation 
measures, challenges as well as options for coordination with regard to the different impacts.

Data and methods

Data 
- Annual and monthly values of the discharge at the 13 longest stations in Romania, on the main rivers were 
selected and analyzed for the period 1935 – 2012; 
- Annual and monthly values of precipitation and of minimum and maximum temperatures at some representative 
meteorological stations, for a similar period
- Data in a pilot basin in the most affected area at the regional level (Ialomita Basin) – figure 1,
 

Figure 1: Ialomita Basin, South –East of Romania

Methods 

The monthly precipitation data sets were used to evaluate the trends and jumps in the series of data (Man-
Kendall and Pettit Test were applied) and to calculate the value of standardized precipitation index SPI for the 
three stations.

Also, to calculate the values of standardized precipitation and evapotranspiration index SPEI at the three 
stations, these data sets, as well as, the mean air temperature sets were used. Monthly mean discharge data 
sets were used for the value calculation of standardized flow index SFI, by the same method as in the case of 
standardized precipitation index. EOF analysis was applied, looking to spatial correlation of processes at the 
Danube Basin level.

To get projection of the up to date situation, in Ialomita pilot basin was applied WATBAL Model (figure 2). 

Figure 2: Conceptualization of water balance for the WatBal model
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Three climatic models were applied for temperatures, precipitations and wind simualtion:

• E - ECHAM3/OPYC4 (Germany),
• H - HadCM3 (UK), 
• N - NCAR-PCM (USA).

for three time projection: 2025, 2050 and 2100, and for 3 climate change intensities scenarios combined 
with emissions:  LO – low (optimistic scenarios), MI – medium (mediu scenarios), HI – high (pesimistic 
scenarios), including (sensitivity 1.5 to 4.5 °C / emission sc. SRES-A1, -A2, -B1, -B2). 

Results

Analysis of the temporal evolution and trend of precipitation and air temperature for the stations situated 
in Romania and Danube Basin

Annual evolution and trends 

Annual trend of precipitations, and discharges are shown in figures 3.

Figure 3: Annual precipitation and discharge tendency 

The tendency of the mean annual discharges
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From the representation of the annual evolution of the standardized precipitation anomalies, it can be seen the 
alternation between years with high precipitation (positive anomalies) and years with normal precipitations 
(anomalies around 0) and years with low precipitation (negative anomalies), on the whole observation period. 
The annual trend of precipitation at Turnu Severin and Calarasi shows different tendencies, sometimes it is not 
significant (figures 4. 5 and 6).

SPI and SFI do not show a clear tendency for Drobeta-Turnu Severin (figure 4). In case of Calarasi, the trend 
(figures 5) shows a positive evolution for the whole analyzed period. For the early period droughts prevail on 
a wider range of years (1946 - 1954) and at the end of the observation interval wet periods are also prevailing 
(2005 - 2010). The trend is significant just only in case of climatic indices, for the observed period. The 
hydrological drought  (SFI index) periods are clearly highlighted: moderate  (-1.5 ÷ -1), severe (-2 ÷ -1.5) 
and extreme (≤ -2), but also periods of time with high discharges. In this way, the periods characterized by 
the hydrological drought have been recorded for the years: 1946, 1947, 1949, 1950, 1952, 1953 – 1954, 1964, 
1972, 1974, 1983, 1987, 1989, 1990, 1993, 1994 - 1995, 2003, 2007 and 2011.

Figure 4: Temporal evolution of the annual values of SPI for 1, 3, 6, 9,12 and 24 months at Drobeta - Turnu 
Severin station.
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Figure 5: Annual temporal evolution and the trend of SFI9 and SPEI12 indices value

As can be seen in Figure 4, for the accumulated periods from 6 to 24 months, two periods of very dry years have 
been identified (values of SPI index lower than -1), the first period between 1948 up to 1950 and the second 
period from 1983 up to 2003. Dry years have been recorded also in 1953, 1963, 2007 and 2011, respectively.

To emphasize the changes in the precipitation and temperature records at the Drobeta - Turnu Severin station, 
the temporal evolution of the standardized anomalies of the annual mean precipitation and the mean air 
temperature and their trend is presented in figure 6. From the temporal evolution of the standardized anomalies 
of the mean annual precipitation (Fig 6.b) three dry periods can be distinguished (with low precipitation and 
no precipitation at all): 1946 – 1950, 1962 – 1965 and 1983 – 2003, respectively. Dry years have been recorded 
also in 1943, 1956, 1973, 1977, 2007 and 2011, respectively. The trend of the mean annual precipitation at 
Drobeta – Turnu Severin is decreasing, but is not significant.

In the case of the standardized anomalies of the mean air temperature (Fig. 6.a) an increasing trend is observed 
for the analyzed period (1940 – 2011). For this station the period 1940 – 1943 was characterized by negative 
temperature anomalies, while the period after the beginning of the 1990’s is characterized by strong positive 
anomalies. 

a                                                                                          b
Figure. 6: Annual temporal evolution and the trend of the standardized anomalies of precipitation and mean 

air temperature at DrobetaTurnu-Severin
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To study the seasonal variability, the SFI index was computed at Calarasi station, for the period 1931 – 2012. 
The trend was also computed for this station, but is insignificant in the case of the summer and autumn seasons, 
respectively. In figure 7 is presented the temporal evolution of the SFI index for summer and autumn, for the 
accumulated periods 1, 3 and 6 months, at Calaraṣi station.

Figure 7: Seasonal evolution [summer (red) and autumn (orange)] and the trend of the SFI index for the 
accumulated periods of 1, 3 and 6 months at Calarasi station

 
For the summer season dry periods are identified for the years 1943, 1949, 1950, 1972, 1990, 1992, 1993, 
2003, 2007 and 2011, while for the autumn season dry periods are identified for the years 1946, 1947, 1950, 
1990, 1993, 2003 and 2011.

Looking at the monthly discharges on the main tributaries in South of Romania, anomalies were identified, as 
well as the droughty periods – figure 8.
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  Figure 8: Monthly anomalies (1931-2012)

Tendency was computed for each month and its significance and results are presented in table. 1.

Table 1. Tendencies of the mean monthly discharges (dry and wet periods)
I II III IV V VI VII VIII IX X XI XII AN

*** 8 5 5 0   0 2 12 10 2 5 4 53
** 8 3 6    1 2 6 7 3 5 1 42
* 6 6 2 5   2 9 7 7  8 6 58
+ 3 2 0 2   2 2 3 3 4 1 4 26

I II III IV V VI VII VIII IX X XI XII AN
***              0
**   2  1        2 5
*   2  5 1        8
+   1 2 2 5 1       11
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Semnificatia notaṭiilor din tabelul 3 sunt:

  Tendinta negativa
  Tendinta pozitiva

Iar nivelele de semnificatie sunt date de:

*** 0.001
** 0.01
* 0.05
+ 0.1

God significance of the tendency was identified during summer months, for South of Romania (19 cases) and 
for the autumn-winter, for higher altitude stations (hilly and mountainous basins).

Long term projection of hydrological tendency

Detailed analysis for the three scenarios was provided for Ialomita-Buzau Basin – see figures 9-a-c..

(a) Optimist scenario

(b) Medium Scenarious                                    (c) Pesimistic Scenarious

Figure 9:  Ialomita-Buzau Basin behavior of water resources for the three climate change scenarios
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Precipitation is not changing very much, but temperature distribution change is important, inducing changes in 
discharges hydrographs – figure 10.

 Precipitation       (a) 2021-2050                                                        (b) 2071-2100

Temperatures            (a) 2021-2050                                                        (b) 2071-2100

Figure 9: Changes in climatic parameters

Figure 10: Changes in the discharges hydrographs
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Analysis of the hydrological scenarios shows:

• Increased evapotranspiration, during the summer time especially, as a result of the increased temperature 
processes.

• Reduced quantity and period of snow cover as a result of the increased temperature during the winter time.
• Variability of the monthly discharges increase from the plain to the mountainous areas, with a uniform 

tendency  of a global decrease during the year.
• Earlier winter time flooding and reduced mix events (rain and snowmelt) occurrence by a de-phased 

between snowmelt and rain occurrence.
• The mean annual discharges decrease is higher  once the time simulation is longer.

Conclusion

• Climate change leads to changes in the frequency, intensity, extent, duration and timing of extreme weather 
and climate events, and can result in unprecedented extremes; 

• Attention to temporal and spatial dynamics of exposure are particularly important when designing risk 
management policies that may reduce risk in the short-term, but increase long-term vulnerability (e.g. dike 
systems reduce flood exposure, but encourage settlement patterns that could lead to an increase in flood 
risk); 

• There is limited to medium evidence of climate-driven changes in magnitude or frequency of floods 
at regional scales – however, there is medium confidence that projected rainfall in-creases will lead to 
increases in certain catchments; 

• There is medium confidence that droughts will intensify in the 21st century, particularly in southern Europe, 
the Mediterranean and central Europe; 

• Extreme events will have the greatest impacts on sectors with close links to climate, such as water and 
agriculture (type of vegetation); 

• There is high confidence that changes in climate have the potential to seriously affect water management 
systems, however this is not necessarily the most important driver of change at the local scale. 

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Abstract

CC-WaterS (Climate Change and Impacts on Water Supply) was a project conducted between May 2009 
and April 2012 and funded by the European Union. More than one hundred scientists from nine south- east 
European countries collaborated in this project. 

Climate change affects fresh water resources and may have significant influence on public drinking water 
supply Land use activities exert pressure on water resources and will change according to climate change. 
Climate change impacts on the availability and safety of public drinking water supply as well as on land use 
activities were identified and evaluated.  

Due to the spatial scope of the project – South East Europe - different geographical, topographical and climatic 
conditions were included. The same applies for water bodies: porous aquifers, karstic and fissured aquifers 
as well as surface water were surveyed in the Alps, along the Danube middle and lower plains and in coastal 
areas. The extent of the aquifers is between some 10 and 10.000 km².  Climate Change signals were identified 
resulting impacts on water supply and associated land use changes were evaluated. 

The risk of emerging water shortages and resulting conflicts between different users under region specific 
socio economic conditions were assessed. Catalogues of best practices for different land uses were compiled. 
Using a decision support system various management options avoiding the socio economic risks for each water 
intake area could be compared.

Precipitation and temperature are considered as the main meteorological variables for water resources 
impacts studies. Hydrological impact studies require a high spatial resolution, especially in heterogeneous 
environments, such as the Alps. Three different RCMs (Aladin, PROMES and REgCM) all with a resolution 
of 25x25 km were compared. Bias corrections in order to minimize differences between model outputs and 
observations for the control period were necessary. In CC-WaterS the quantile mapping technique based on 
local daily observations has been applied. Statistical and stochastic downscaling techniques were applied to 
achieve a higher spatial resolution. Only one emission scenario, the A1B scenario, was selected. 

22 water intake areas were assessed regarding the available water resources in the present and in the future. 
Potentially stressed areas and their respective vulnerability to climate and land use changes were identified. The 
methodology was considered as a standard frame offering comparable results and the coherent determination 
of the parameters characterizing availability of water, e.g. meteorological input, elements of the water balance, 
renewable water resources, exploitation index, ecological water demand and available water resources. 

Four land use types (cattle grazing, forestry, agriculture and urbanization) were analyzed regarding their 
compatibility with the climate scenarios. The land use type either changes to another type, if the compatibility 
is not given, or it remains. In both cases the impact on water quality was estimated. 

The possible risk in satisfying water requirements was also assessed. A failure occurs when the demand exceeds 
the supply capacity. The risk assessment methodology considers water supply, water demand and consequences 
of water shortages, all imprecisely estimated. For this purpose all three elements will be represented by a 
minimum, a maximum and a plausible value.

Adaptation measures refer to legislative and regulative decisions, economic incentives, land use changes and 
technical measures for managing both the supply and the demand side.
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The simulations from the three selected RCM models were assessed by comparing them with the observations 
in the period 1960-1991. All models show an increase in temperature until 2050 between 1 and 2.5° C depending 
on the model. Precipitation until 2050 will increase by 10-20% in Austria and Slovenia, stay the same in major 
parts of Romania, Serbia, Croatia and Hungary and decrease by about 20-30% in Bulgaria and Greece. For the 
period from 2071-2100 a decrease in precipitation must be expected in all studied regions pronounced towards 
the south were the decrease will be between 10-20%. The temperature will increase by 3 to 3.6°C in the annual 
mean. 

The exploitation index will rise differently in the studied areas. In most areas there will be no major problems. 
Problems will arise in some areas of Hungary, Croatia, Serbia and Greece.

Land use activities will have to adapt to climate change. In some areas conflicts there will be negative effects 
on water resources. But the changes in land use activities will also be driven by socio economic trends. 

In five test areas shortages in water supply are likely, especially for increasing demand scenarios. In Nyirseg 
(Hungary) water shortages can be expected for all demand scenarios. Two areas will face problems under 
exceptional high water demand. Three test areas will face no type of water supply shortage.

The most selected management options regarding water quantity are reduction of water losses and realization 
of new resources and in some areas also changes in water price. The most selected management options 
regarding water quality are the application of best practices, water treatment and the implementation of water 
protection areas.

The biggest problem is the inherent uncertainty in all parts of the investigation. To overcome this problem and 
to be able to cope with the challenge society has to invest even more efforts and resources into the improvement 
basic knowledge.
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Abstract

A large number of global and regional models have been developed recently in order to estimate future 
projections of climate. There is several global atmospheric-ocean general circulation models used to study the 
state of the basic elements of hydrologic cycle like temperature, precipitation, evaporation, water resources in 
future. 

In order to study possible changes in climate in Serbia, results of integration of a global model SX-G have been 
downscaled to the regional level associated with coupled atmospheric and ocean model EBU-POM. Integration 
covers the period 1771-2100 year, with the constant concentration of greenhouse gases in period 1771-1870, 
equal to observed values since 1870-2000, and in period 2000-2100 concentrations varied according to the 
selected IPCC / SRES scenario. From these integrations three periods of thirty years have been chosen, which 
are results of global models downscaled using the regional model, as follows: 1961-1990 as the reference 
period for the current climate and two future time periods: 2001-2030. and 2071-2100. For the period of last 30 
years of 21st century A1B scenario is selected as average, and the A2 scenario as the most extreme with extreme 
concentrations of greenhouse gases. For the first 30 years of the 21st century, the concentration of greenhouse 
gases provided for IPCC/SRES scenarios do not differ significantly, so for this period integration was preformed 
with the A1B scenario. As a result time series of monthly precipitation, air temperature, evaporation, humidity 
and vapour were obtained, for selected three periods of thirty years.

Monthly discharges in rivers in Serbia were estimated by a modified model ACR-VNC. The model is developed 
in the Institute for the development of water resources Jaroslav Cerni for the assessment of discharges in natural 
streams, based on known meteorological variables. The model ACR-VNC enables the determination of linear 
auto cross regressive dependences of standardized variables, different combinations of cause-effect relations 
between hydrologic and meteorological time series. The basis for establishing cause-resultant relationship is 
non-linear theory of standardized correlation.

This paper presents concrete results of assessing the impact of climate change on water resources in a particular 
four catchment areas (Nisava, Kolubara, Raska and Mlava) and the results are generated to the whole territory of 
Serbia. The parameters used in the model are calibrated based on monthly data in the selected reference period 
for present climate conditions 1961-1990 year. The parameters used for the model calibration are evaluated for 
the two future periods of modified climate. Possible future effects of climate change are determined based on 
changes of all involved hydro-meteorological phenomenon.
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Abstract

The region of Northern Kosovo occupies large mineral deposits and ore bodies, which have been exploited for 
centuries. In the municipality of Leposavic, lead-zinc bearing ores occur in mineralized areas of Rogozna and 
Kopaonik. Significant mineral deposits are Belo brdo, Crnac, Koporić, Žuta Prlina and Jelakce. In 1999.  The 
mineral exploitation in those mines is closed, except in the mines Belo Brdo and Crnac. By on-site investigations, 
large amounts of mining waters were found to occur from these mines, which are tributaries of the Mountain 
Rivers, a tributary of the river Ibar. In order to investigate heavy metals content in the river Ibar, the river water 
quality was monitored at two measuring sites, namely: Leposavic inflow, (LS) and Leposavić-outflow (LN). 
The first site is situated after Josanicka River, which is contaminated by the discharged Acid Mine Drainage 
from the mine Crnac, enters the river Ibar, and before the tailing waste deposit drainage discharge. The second 
site is located after the tailing waste Bostaniste is drained.  The analysis has shown that at the first site the water 
was acidic, polluted with Ferrous ions, having large electric conductivity as per high SO4

2- concentrations. On 
the contrary, the second monitoring site has showed higher concentrations of lead, zinc, cadmium and arsenic, 
as result of flotation tailing waste drainage, but lower pH value. In order to determine the impact of acid mine 
drainage, that most likely caused this situation, the analysis of acid mine waters formation, concentration and 
yield, was done.   

In the area of the mine Crnac, the fissure type of aquifers is present. By the geological analysis the rock massive 
type is determined, as well as the porosity of the water bed. Theoretical pore volume size of 2 mm, corresponds 
well to the chlorine content of 10.63 µmoles/l, as calculated by application of PHREEQC simulation software. 
This water composition represents the initial ground water quality, entering the mine. The drainage flow 
“Gnježdane” collects all waters from Crnac mine, as well as those from the old minings, which amounts were 
estimated with a maximum of 30 l/s to the minimum 0. l/s. Mine waters flow directly into Jošanička river, left 
tributary of the River Ibar. 

By comparing the heavy metals concentrations in the water, after the tailing waste deposit drainage waters 
discharge, and before and after the tributary Josanicka river enters the river Ibar, it can be observed that there 
are different relations between the highest concentrations of Ferrous ions measured with the lowest pH values, 
measured in July. These results show the relation between precipitation and water quality. Monitoring of the 
acid mine drainage, Josanicka river and river Ibar quality is done just for the limited period of time. In order 
to enable reasonable estimation of the acid mine drainage waters, Josanicka river as a recipient, and river Ibar 
as the main water body on the Northern Kosovo region, when the spot of discharge is in the distant area, with 
low approachability, the relation between the precipitation, and effective rain that actually enters the soil. The 
measurements are done just for the limited period of one year, but the agreement with the predicted values by 
the software application is evident, and it can be concluded that the acid mine drainage yield and composition 
can be estimated inside reasonable limits, so the Josanicka river and consequently river Ibar quality can be 
assessed, even if there is no access to the distant area of Kopaonik slopes. 

Keywords: Acid Mine Drainage, yield, pH value, pollution,  rock porosity, simulation
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Introduction

Ore deposit “Crnac” occupies the part of the mountain range Rogozna, covering locations Vučja Lokva, 
Gnježdane, Plakaonica, Duboka, Bare and Zminjak, around 15 km on the west from the municipality center 
of Leposavić. Some more detailed research on the area of Rogozna (localities of Crnac and Plakaonica) have 
started on 1957, and 1968. The mine starts the regular production. The mining reserves A+B+C1 the categories 
are calculated at 2 200 000 tons. The mineralization is deposited in amphibolic rocks in the form of veins. The 
average composition of lead and zinc in the ore is 9-11%. The range and form of the ore veins occurrence, 
as well as terrain configuration influenced research methodology, made by combined mining works, and 
exploration drilling [7].

In the opening and the development of the mineral deposit, there are ground waters occurring influencing 
mining works and production [5]. The chemical composition of the ground waters in the solid ore deposits, 
is determined by the ores composition, so different ore deposits are characterized by different ground waters 
compositions. The ground waters from sulfide deposits are characterized by high sulfate concentrations and 
low pH (acid waters) values as well as high heavy metals concentrations. The mining waters of sulfide deposits 
are aggressive and have impact to the environment [1]. 

The greatest consequence of AMD is water pollution. This in turn results in contaminated drinking water, 
damage to aquatic flora and fauna, and corrosion of man-made infrastructure. 

Microorganisms like bacteria and archaea significantly affect AMD. When metal sulfides, usually pyrite, that 
are contained in rock are exposed to water and air, an oxidation reaction takes place. Microbes speed up the 
decomposition of these metal ions. Microorganisms also play a huge part in the bioremediation of AMD. 
Techniques that are being researched include using metal-immobilizing bacteria, biocontrol with bacteria and 
archaea, and bioleaching [3]. 

Experiment

For the observation of the hydrogeology of the rock formations and the terrain of the Pb-Zn ore deposit 
„Crnac”, as well as the definition of the yield regime and flow direction and its impact to the deposit hydrology, 
the hydrologic mapping of the wider zone is done. The investigated area is limited on the “Gnjezdanski potok” 
adit and the water yield, temperatures and pH values are take n for the ground water chemistry determination 
[6]. 

The qualitative and semi-quantitative analyze of ore body were determined using JEOL JSM-6460 scanning 
electron microscope with energy dispersive spectrometry, EDS (Oxford Instruments). Samples are polished 
and coated with Carbon - thickness (nm): 20.0, density (g/cm3): 2.25. Thresholding has been selected: All 
quantitative results below 2 sigma have been set to zero

Mineralogy compositions of ore body samples are determined by using X-ray diffractometer for powder 
PHILIPS PW 1710 under the following conditions: wave length CuKα = 1,54178Å, within the range of 5-70o 
2θ.

Chemical compositions of the waters inflow and water drainage are determined by using AAS (Atomic 
Absorption Spectrometry) method. 

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Results and discussion

Geology forms and tectonic fabric conditioned hydrogeology characteristics of the ore field. There are 
separated the following water table types, compact spring type (sypars and slope wash), cavern water table 
type (scarns, hornfels, rhydacite, andensite, granodiorite, serpentined peridotite) and conditionaly waterless 
terrains (marled-clayed flysch sediments). From the rock massives of fissure porosity (cavern water table 
type, conditionaly waterless terrains), through the fissures, cracks, paraclases and paraclases areas, the mine 
waters penetrate in mine works of ore field. The waters from the mining works run off by gravity and now are 
appearing on the surface, the most often on the undermines.

It is very important to determine the parameters of fissuring of rocks, for they have impact to their water 
bearing, and they can be defined by different methods. For this occasion it is applied photo geology method, 
because the fact elements can be connected logically during the interpretation so the researcher’s subject 
opinion is excluded. The parameters of the water bearings of rocks with fissure porosity are taken from the 
study done by the authors [8]. The results of the hydrology mapping have showed that all formations are 
extremely physically damaged, covered by decomposed deluvial deposits. On the mapped area (Fig.1) some 
large number of springs was determined, but the yield was always under 1l/s. The adit“Gnježdane” drains 
all the waters from the “Crnac” deposit, as well from the old works. The mining waters are being directly 
discharged into Josanicka river, left tributary of the Ibar river [4].

Figure 1: The position of the ground waters discharge from the minings

The water samples previously analyzed are taken once a year, in November, at the open pit entrance, and 
represent the overall composition of the waters being drained from the Pb-Zn „Crnac” showing great anomalies 
in the heavy metals content, as they are collected from the different places, mixing with industrial waters and 
its aggressive reactions with the tools in the pit. For this study the following parameters of the water on the 
entrance are monitored: temperature, pH and yield. The temperature values were within the limits of 180C to 
190C, the yield was between  0,1 l/s and 31 l/s, and the pH value was within the interval of 6.6-7.5.

For the modeling and simulation of the ground waters composition and yield the following  initial data from 
the Table 1. are used:

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Table 1. Chemical composition of the water and acid mine drainage 
Parameter Water inflow the open pit Acid mine drainage
pH value 7.50 2.6
Electric conductivity (μS/cm) 880 28,400
Chlorides Cl- (mg/l) 10.63 2.7
Sulfates SO4

-2 (mg/l) 0 18947.2
Calcium Ca (mg/l) 160.32 412
Potassium K (mg/l) 0 0.04
Magnesium Mg (mg/l) 187.26 3446
Manganese Mn (mg/l) 0.01 971
Iron Fe (mg/l) 0.02 701
Sodium Na (mg/l) 0.02 2.61

After that according to the rock porosity and precipitation the yield of ground waters is calculated. For this 
purpose, the geological mapping is done and according to geographical rossete [8], the rock porosity at this 
site is 2 mm. 

The results are obtained by PHREECQ simulation, and presented on Fig.2.

Figure 2: Surface water penetration into the „Crnac“ mine

The calculated results have shown reasonable agreement with measured values of Cl, Ca, Na concentrations. 
This proves the validity of the pore size observation, as well. In the case of this region (Southern slopes of 
Kopaonik), the amount of water entering the ground waters is limited by the precipitation, as it is defined that 
the ground waters come from the surface waters penetrating the rock massive through unconfined bed. The 
precipitation data are taken from the nearest meteorological stations and calculated to average. The results for 
the last years show the following (Fig.3)
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Figure 3: Annual precipitation and PET at the given location
Red line –precipitation

Green line –Precipitation-Evapotranspiration

The amount of water from precipitation available for penetrating into the ground is calculated by NewLocClim 
FAO programme, as the amount of water that actually enters the soil [9]. With the Precipitation Deficit of -2371 
mm/year, and the effective rain ratio of 43%, we get to conclusion that the precipitation affects the amount 
of ground waters in the mine, and accordingly the pH value of the discharged waters, as well as the sulfate 
concentration. There is strong relation between the effective precipitation and the quality of the water in the 
Josanicka river, as well as Ibar as a consequence (Fig.4, 5)

Figure 4: pH value of the river Ibar waters

Figure 5: Sulphate concentration in the river Ibar waters
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Conclusion

From the charts above it can be concluded that the sulphate concentration and pH value does not vary with the 
distance from the tailing waste deposit located between LS and LN measuring point, but with precipitation. 
More precipitation will dilute the sulphate concentration, and lower the pollution of the river Ibar. For the more 
accurate and detailed study, the flow measurements are needed in the longer period of time, but reasonable 
agreement between predicted and measured values suggest the PHREECQ model application for ground water 
quality assessment.
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Climate models indicate that there will be an increase annual temperature(+3,8oC) and decrease (- 10-15%) 
rainfall in Central part of Serbia on the end of this century. This changes may result in warmer condition, 
increasing the frequency of extreme weather events such as heavy precipitations with emphasize the extent to 
which extreme events under climate change raise special concerns about soil erosion, late season of frost and 
droughts. This weather conditions will impact on soil and water resources. Warmer maximum and minimum 
temperatures, particulary a drier, hotter summer, combined with heavy rainfall in the spring and summer, will 
challenge in this area to adapt. 

In this study, the dynamical downscaling approach was applied. The Coupled Regional Climate Model (CRCM) 
EBU–POM (Eta Belgrade University – Princeton Ocean Model), that may generate useful regional climate 
scenarios for the part of Europe where Serbia is located. Three CRCM runs were considered: 

• a climate simulation of the 1961–1990 period with realistic historical radiative forcing (experiment 20c3m);
• a climate simulation of the 2001–2030 period according to the SRES A1B emissions scenario;
• a climate simulation of the 2071–2100 period according to the SRES A2 emissions scenario. 

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Abstract

Drought indices are used for drought identification and description of its intensity. There have been a number 
of drought indices such as Standardised Precipitation Index, Standardised Precipitation Evapotranspiration 
Index, Palmer Drought Severity Index, and Reconnaissance Drought Index. In this study, the Standardised 
Precipitation Evapotranspiration Index (SPEI) and Reconnaissance Drought Index (RDI) are applied. SPEI 
and RDI are based on a precipitation and reference evapotranspiration. The FAO–56 Penman–Monteith (FAO–
56 PM) reference evapotranspiration is estimated using web services.

These indices were analyzed using meteorological data from 12 meteorological stations in Serbia over the 
period 1980–2010. The main objective of this paper is to investigate the drought in Serbia between 1980 and 
2010. Two main drought periods were detected (1987–1994 and 2000–2003), while the extremely dry year was 
recorded in 2000 at all stations. 

Keywords: Standardised Precipitation Evapotranspiration Index; Reconnaissance Drought Index; drought; 
Serbia

Introduction

Significant changes in air temperature and precipitation because of global warming and greenhouse gas 
emissions cause changes in the magnitude and frequency of drought (Dai et al., 2004; Loukas et al., 2008; Li et 
al., 2009). In addition, they will affect the planning and management of future water resources and agricultural 
production. For instance, Gocic and Trajkovic (2013c) indicated the increasing trends in both annual and 
seasonal minimum and maximum air temperatures’ series in Serbia, while the relative humidity decreased 
significantly in summer and autumn. 

In the European region, Bradford (2000) and Fleig et al. (2006) highlighted several extensive drought events 
(i.e. 1976, 1988–1992, 1997 and 2003). In Serbia, Gocic and Trajkovic (2013a) identified two main drought 
periods (1987–1994 and 2000–2003) during the period 1980–2010 which is in a good agreement with the 
previously mentioned results.

The Standardised Precipitation Index (SPI) is selected as the reference index to better understand the possibility 
of drought characterization by using the Standardised Precipitation Evapotranspiration Index (SPEI) and the 
Reconnaissance Drought Index (RDI) indices based on 12-month time scale.

The objective of using SPEI and RDI was to consider the drought based only on assessment of precipitation 
with that based on the combined effects of precipitation and reference evapotranspiration.
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Materials and methods

Study area and data collection

Serbia is located in the central part of the Balkan Peninsula and has temperate continental climate, with a 
gradual transition between the four seasons of the year. Its central and southern areas consist of highlands and 
mountains, while the northern part is mainly flat. 

Series of monthly meteorological data of precipitation, maximum and minimum air temperatures, maximum 
and minimum relative humidities, actual vapour pressure and wind speed were collected from 12 synoptic 
stations from Serbia (Fig. 1) for the period 1980-2010. 

Figure 1: Spatial distribution of the 12 synoptic stations in Serbia map

The geographical descriptions of the synoptic stations used in the study are given in Table 1.

Table 1. Geographical descriptions of the synoptic stations used in the study

Station name Longitude 
(E) 

Latitude 
(N)

Elevation 
(m a.s.l.)

1. Belgrade 20°28’ 44°48’           132
2. Dimitrovgrad 22°45’ 43°01’          450
3. Kragujevac 20°56’ 44°02’           185
4. Kraljevo 20°42’ 43°43’           215
5. Loznica 19°14’ 44°33’           121
6. Negotin  22°33’  44°14’             42
7. Nis 21°54’ 43°20’           204
8. Novi Sad 19°51’ 45°20’             86
9. Palic 19°46’ 46°06’           102
10. Sombor 19°05’ 45°47’             87
11. Vranje 21°55’ 42°33’           432
12. Zlatibor 19°43’ 43°44’         1028
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FAO–56 Penman–Monteith Equation

The FAO–56 Penman–Monteith (PM) equation (Allen et al., 1998) was used to estimate reference 
evapotranspiration (ET0):
    

  (1)

where ET0 = reference evapotranspiration (mm day-1); Δ = slope of the saturation vapor pressure function (kPa 
oC -1); Rn = net radiation (MJ m-2 day-1); G = soil heat flux density  (MJ m-2 day-1); γ = psychometric constant 
(k Pa oC -1); T = mean air temperature (oC); U2 = average 24-hour wind speed at 2 m height (m s-1); and VPD = 
vapor pressure deficit (kPa).  

Drought Indices Based on Evapotranspiration and precipitation

Drought indices are used for drought identification and description of its intensity. In this study, we selected 
two meteorological indices based on evapotranspiration and precipitation (i.e. the Standardised Precipitation 
Evapotranspiration Index and the Reconnaissance Drought Index). 

Standardised Precipitation Evapotranspiration Index

The standardised precipitation evapotranspiration index (SPEI) (Vicente-Serrano et al., 2010) is based on 
a precipitation and a potential evapotranspiration (PET). According to Beguería et al. (2010), the PET was 
estimated from the FAO-56 PM equation (Eq. 1). A water balance (D) is obtained as the difference between the 
monthly precipitation and the PET.

The SPEI is estimated as:

        (2)

where W is determined as                            for               and P                         is the probability which exceeds 
the determined D. If               then P is replaced by 1 - P. Coefficients c0, c1, c2, d1, d2 and d3 have the same 
values as for the SPI. F(x) is the probability distribution function of the D series and is given by 

         (3)

where α, β and γ are obtained following Singh et al. (1993):

      

   (4)

ws (s = 0, 1, 2) is the probability-weighted moment of order s calculated as 
  
  (5)

where Fi is a frequency estimator calculated as

           (6)
where i is the range of observations arranged in increasing order and N is the number of data points.
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Reconnaissance Drought index

The Reconnaissance Drought Index (RDI) (Tsakiris and Vangelis, 2005; Tsakiris et al., 2007) is the 
meteorological index for drought assessment based on a precipitation and a reference evapotranspiration. The 
initial value of the index (ak) for the reference period of k months is calculated as:

           (7)

where Pj and PETj are the precipitation and potential evapotranspiration of the j-th month of the hydrological 
year.

The Normalised RDI (RDIn) is computed as

          (8)

The Standardised RDI (RDIst) is computed as

          (9)

where y is the lnak,      is its arithmetic mean and      is its standard deviation.

Drought severity can be categorised as mild (-0.5 ≤ RDIst < 0), moderate (-1.0 ≤ RDIst < -0.5), severe (-1.5 ≤ 
RDIst < -1.0) and extreme (RDIst < -2.0).

Results and Discussion

Summary of Statistical Parameters

The FAO-56 PM ET0  values were estimated by using the software based on service-oriented paradigm 
(Gocic and Trajkovic, 2011). The ET0 values were ranged from 1.98 to 2.55 mm day−1, while the mean annual 
precipitation data varied between 553.09 mm and 964.76 mm. The highest coefficient of variation (CV) of the 
precipitation values was observed at Novi Sad station located in the north Serbia at the rate of 24.32%, while 
the lowest CV of 14.79% was found at Zlatibor. The CV values of ET0 were ranged from 6.65% to 8.96%. 
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a)        b)
Note:  No available data

Figure 2: Spatial distribution of mean annual a) precipitation and b) reference evapotranspiration in Serbia

The spatial distribution of mean annual precipitation and ET0 is shown in Figure 2. Dry areas with precipitation 
below 600 mm are in the north (for instance, Palic and Sombor). The south area of Serbia has the precipitation 
to 650 mm during the year. Larger and more compact area to the west and southwest is the wettest region of 
Serbia, which precipitation may rise up to 1000 mm per year. It should be noted that the greatest part of Serbia 
has the precipitation between 600 and 700 mm. 

The central and the west Serbia have the mean annual ET0 values between 700 and 800 mm year-1, while the 
north and the east parts of Serbia have the ET0 values between 800 and 900 mm year-1. The regions round the 
Belgrade and in the south have the highest values of ET0.

Drought Indices Analysis

Three stations (Negotin, Palic and Sombor) are selected for drought indices analysis as the stations with the 
significant trend in annual FAO-56 PM ET0 (Gocic and Trajkovic, 2013b). The obtained SPI-12 data during the 
study presented in Gocic and Trajkovic (2013a) are used in this study to compare drought indices based on ET0. 

Time series of SPI-12, SPEI-12 and RDI-12 at the selected synoptic stations during the period 1980-2010 are 
illustrated in Figure 3. It is evident that the extreme drought year was the 2000 year. Besides, two main drought 
periods were detected (1987–1994 and 2000–2003).  

 

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 3: Time series of SPI-12, SPEI-12 and RDI-12 at the selected synoptic stations during the period 
1980-2010

Percentage of Serbia affected by drought during the period 2000-2010 is shown in Figure 4. Approximately 
70% of the frequency distribution belongs to the near normal drought category (mild drought plus mild wet 
periods). Both the RDI-12 and SPEI-12 indicated that the 2000 year was the year with the extreme drought. 
The drought was found during the period 2000-2003 which is in agreement with the results presented in Gocic 
and Trajkovic (2013a, 2013d).

Figure 4: Percentage of Serbia affected by drought, 2000–2010
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Conclusions

The main objective of this work was to study the drought based on SPEI-12 and RDI-12 indices. For this 
purposes, the monthly series of precipitation and estimated reference evapotranspiration were used from 
12 weather stations in Serbia during the period 1980-2010. The FAO–56 Penman–Monteith equation was 
estimated by using the software based on service-oriented paradigm.

Two main drought periods were detected (1987–1994 and 2000–2003), while the extreme drought year was 
the 2000 year. Approximately 70% of the frequency distribution belongs to the near normal drought category 
during the period 2000-2010. The obtained results can be included in an adequate water resource planning and 
improve a management of water resources in the area.
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Abstract

The lack of water from the atmosphere that circulates in the water cycle causes different types of drought. The 
drought that is of the utmost importance for water resources management is the hydrologic drought. To assess 
this type of drought more effectively, a number of indices have been developed. One of the simplest hydrologic 
drought indices to estimate is the Standardized Streamflow Index (SSFI). 

In the initial study of the 3 months timescale SSFI, we obtained the SSFI-3 based on the runoff data from 
seventeen hydrologic stations in the Southeast Serbia for the period 1961-2011. The results show that the wet 
periods prevail from 1973 to 1979, and the dry periods from 1985 to 1996. 

Because the SSFI is similar to the Streamflow Drought Index (SDI), we continue the research by enlarging 
the number of timescales, and comparing the SSFI and SDI results. We also use the results of the Mann-
Kendall trend test from the previous research. The SSFI and SDI magnitudes are compared for the following 
timescales: 1, 3, 6, 9 and 12 months by two goodness-of-fit indicators.

The analysis of the results shows the insignificant differences in the hydrologic drought magnitude between the 
SDI and SSFI, match of the dry periods classified by both indices, and points out to the direction for the further 
research that should lead to the identification of the drought homogeneous regions.

Keywords: hydrologic drought, Standardized Streamflow Index, Streamflow Drought Index, the Južna Morava 
river basin

Introduction

The hydrological drought is a result of the deficiency in the precipitation for supplying surface and ground 
waters, which results in low water levels in rivers and a small influx to ground and surface water reserves and 
lakes. Although the lack of precipitation is a primary cause of hydrological drought, there are other factors 
that boost the intensity, duration and spatial distribution, including land use, land degradation and human 
interventions in the basin. Therefore, the most severe hydrological droughts do not always appear in the areas 
with the lowest precipitation (EEA, 2001). 

The meteorological drought identification, classification and spatial monitoring by the meteorological drought 
indices have shown effective results over the past two decades. The most widely used drought indicator is 
Standardized Precipitation Index (SPI) (McKee et al., 1993). 

The appearance of hydrological drought is usually phase-shifted, i.e. it appears with a lag compared to 
meteorological drought. Namely, it takes longer for the effect of precipitation deficiency to manifest itself on 
the elements of the hydrological system.  These manifestations include a humidity content reduction in the 
soil, reduced flow in the rivers, and reduced surface and ground water storage. For this reason, the economic 
effects of hydrological drought of all spheres are noticeable after the ones caused by meteorological drought. 
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Due to many manifestations of precipitation deficiency on the runoff cycle, many hydrologic drought indices 
have been developed so far, taking in the account different hydrologic variables. The hydrologic drought 
indices that are the most similar to the SPI in the terms of a singe input data type and calculation procedure 
are the Standardized Streamflow Index (SSFI) and the Streamflow Drought Index (SDI) (Modarres, 2007; 
Hosseinzadeh Talaee et al., 2012; Nalbantis, 2008; Nalbantis and Tsakiris, 2009; Yang, 2010). The former is 
characterized by a simplified calculation procedure, while the latter uses the same estimation procedure as SPI. 

This paper compares the SSFI and the SDI results at the timescales of 1, 3, 6, 9 and 12 months at seventeen 
hydrologic stations in the Južna Morava river basin. The study aims are: 1) to understand differences and 
similarities in the results, 2) to decide upon one index for hydrologic drought identification for operational 
purpose, and 3) to provide base for regional drought research.
 
Material and methods

Study area and collected data

The Južna Morava river is formed by the connection between the Binačka Morava and the Preševska Moravica 
rivers. The basin area is 15,469 km2. The most significant tributaries are the rivers Toplica and Nišava. The 
other tributaries are mostly torrential rivers. There are several gorges and plains along the Južna Morava 
river flow.  The plains are mostly used for agriculture, and the rural population of the Southeast Serbia is 
predominantly agricultural. The development perspective for the region is the agricultural production, since it 
plays a significant part in the overall foreign trade, with 21% share in total exports (Jevtić et al., 2011). In order 
to provide for stable water supply to increase agricultural yields, a number of irrigation systems are planned. 
   
The surface water observation network in the Južna Morava river basin comprises of 38 active stations, six 
of which are on the Južna Morava river, while the others are on the tributaries (Figure 1). The research is 
performed on the mean monthly runoff data issued by the Republic Hydro-meteorological Service of Serbia 
for the period 1961-2011. 

Figure 1: The basin of the Južna Morava river with the hydrological station (HS) network (Blagojević et al., 
2013). The runoff data is processed for the underlined HS 
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Methodology

Two hydrological drought indices are analyzed in the paper. The Standardized Streamflow Index (SSFI) 
(Modarres, 2007) of a given period is estimated from the following equation 

where     = mean streamflow,     – standard deviation and

                              ,  i = 1, 2, …,   j = 1, 2, …,12,   k = 1, 2, 3, 4

        – cummulative streamflow,         – monthly streamflow

The SDI (Streamflow Drought Index) (Nalbantis and Tsakiris, 2009) is estimated according to the same 
methodology as SPI (McKee et al., 1993) using two parameter gamma distribution. The reference period for 
distribution parameters is 1961-2005.

In order to evaluate differences between the SSFI and SDI, SSFI was considered modeled value and SDI 
observed. Two goodness-of-fit indicators were applied (Krause et al., 2005; Harmel et al., 2010): the Nash-
Sutcliffe Coefficient of Efficiency (E) and the Index of Agreement (d). 

Results and discussion

The SSFI and SDI at different timescales were calculated for 1961 to 2011 period, while 1961 to 2005 period 
was used as the reference period for distribution parameter estimates for SDI.

The SSFI and SDI values are considered for all HS regardless of the trend test results. Trend detection is 
performed by the Mann–Kendall non-parameter test at the 0.95 confidence level (Blagojević et al., 2013). The 
HS that do not have trend in the processed mean monthly runoff series are: Korvingrad, Grdelica, Tupalovce, 
Trnski Odorovci, Stazimirovci, Doljevac, Pepeljevac, Visoka and Donja Selova. 

The values of the SSFI and SDI index were obtained with the application of software shown in Figure 2 
(Blagojevic et al., 2013).

Figure 2: The screenshot of the software application for the calculation of the SSFI and SDI index
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The drought intensity classification is the same for both indices (Nalbantis, 2008; Hosseinzadeh Talaee et al., 
2012) (Table 1). 

Table 1. Qualitative and quantitative classes of hydrologic drought intensity

Description SSFI, SDI
Mild drought -1.0 ≤ SSFI,SDI < 0.0

Moderate drought -1.5 ≤ SSFI,SDI < -1.0
Severe drought -2.0 ≤ SSFI,SDI ≤ -1.5

Extreme drought SSFI,SDI < -2.0

The values of the SSFI and SDI index are estimated for 1, 3, 6, 9 and 12 months timescale. The results are 
shown for the SSFI 3 and SDI 3 at HS Mojsinje, Donja Selova and Dimitrovgrad in the graphic form (Figure 
3). The three months timescale is selected for presentation of results and discussion, due to its suitability for 
the SDI prediction based on the SPI in the previous research (Blagojević et al., 2013).

HS Mojsinje is the most upstream HS in the studied basin (15,390 km2). According to the results for 3 months 
timescale (Figure 3) the droughts prevail in the period from 1987 to 1995. The SDI 3 has greater values than 
the SSFI 3 in 1968, 1972, 1993 - 1995, and 2001, which represent the periods of extreme drought.  The highest 
obtained SDI 3 value of -2.47 is in 2001, while according to SSFI 3 the most extreme drought occurred in 1972 
(SSFI 3= -2.29). 

Figure 3: SSFI 3 and SDI 3 in the period 1961-2011 at selected HSs in the Južna Morava river basin
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At the HS Donja Selova, according to the SDI 3, the extreme dry periods occurred in 1968, 1972, 1983 and 
2001, the 1968 drought being the most extreme of all, estimated by the value of -2.62. According to the SSFI 
3 the most extreme drought has the value of -1.79 obtained for 1972. 

According to the SSFI 3 and SDI 3 at HS Dimitrovgrad, the severe drought periods occurred in 1968, 1972, 
1983, 1989, 1991 - 1995, 2000 - 2002, 2007 and 2011. The extreme drought was recorded in 2001, 2007 and 
2011. The SDI 3 in 2001 was -2.64 representing the most extreme drought, while according to SSFI it occurred 
in 2007 and equaled -1.36. This HS is the one with trend identified in the series of mean monthly runoff.

Table 2 shows the values of the goodness-of-fit indicators (E, and d), obtained for the SSFI and SDI for the 
timescales 1, 3, 6, 9 and 12 months, in the period 1961 - 2011. Indicators are shown for three HS: Mojsinje 
(covers the largest area of the basin), Donja Selova (due to the future dam location) and Dimitrovgrad (due to 
the poorest results).

Table 3 shows the values of two goodness-of-fit indicators for the isolated periods of all drought periods 
according to the SDI index values.  

Table 2. Goodness-of-fit indicators between SSFI and SDI for HSs Mojsinje, 
Donja Selova and Dimitrovgrad

Indicators Time 
series Mojsinje Donja Selova Dimitrovgrad

E

1 0.94 0.94 0.89
3 0.95 0.96 0.90
6 0.96 0.97 0.91
9 0.97 0.97 0.91
12 0.98 0.98 0.91

d

1 0.98 0.99 0.97
3 0.99 0.99 0.97
6 0.99 0.99 0.97
9 0.99 0.99 0.97
12 0.99 0.99 0.97

Table 3. Goodness-of-fit indicators between SSFI and SDI for HSs Mojsinje, Donja Selova and Dimitrovgrad 
in the hydrologic drought periods according to SDI values

Indicators Time 
series Mojsinje Donja Selova Dimitrovgrad

t

1 0.78 0.81 0.59
3 0.85 0.87 0.65
6 0.89 0.90 0.70
9 0.91 0.91 0.71
12 0.93 0.93 0.73

t

1 0.92 0.93 0.82
3 0.95 0.95 0.84
6 0.96 0.96 0.87
9 0.97 0.97 0.88
12 0.98 0.98 0.89

Based on the obtained values of selected goodness-of-fit indicators shown in table 2, the results are qualitatively 
rated very good (E > 0.75) meaning that SDI and SSFI correspond to each other in the processed period 
1961-2011. However, the results are slightly poorer when the drought periods are isolated, concatenated and 
compared (Table 3). The HS that holds the poorest result in goodness of fit indicators for SSFI and SDI for the 
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studied basin is HS Dimitrovgrad. Still, these results are good (E>0.65) and satisfactory (E>0.5) for different 
timescales.

The drought periods identified by the SSFI and SDI correspond to each other very well. The differences are 
found in the cases of extreme droughts regarding the estimated values. The differences decrease with the 
increase of timescale. 

Conclusion

Two indices of hydrologic drought were calculated for the area of Southeast Serbia represented by the Južna 
Morava river basin. The results show the most prominent drought periods in 1968, 1972, 1983, 1991 - 1995 
and in 2001. The comparative analysis of the SSFI and SDI index shows that, during the extreme dry periods, 
SDI is more sensitive than the SSFI. According to the E and d values, SSFI and SDI match very well. 

Although the SSFI calculation is not complex, and as such, it is preferable for operational purposes, the 
decision upon one index for hydrologic drought identification cannot be made yet. For further research, the 
other probability distributions should be considered for SDI estimation, and the indices should be compared 
and analyzed. Nalbantis (2008) and Shukla and Wood (2008) concluded that it is better to apply a log-normal 
distribution for the calculation of the SDI index, while Yang (2010) applied both the log-normal and gamma 
distribution and observed that the accuracy of the calculation depends on the timescale.

With the available data and obtained results, the base for the regional drought research is provided. In order 
to be able to continue the drought studies in the sphere of the ungauged basins, drought homogeneous regions 
should be identified. 

The significance of this research lays in an attempt to identify both reliable and appropriate hydrologic drought 
index for operational purpose i.e. the hydroinformation system for drought warning in the Southeast Serbia.
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Abstract 

The production and consumption of water in a water supply system depend on different factors. One of the 
interesting aspects, especially with regard to climate change, is daily temperature. The average daily production 
of water as a function of average daily temperatures is analyzed in the paper based on available data, with 
reference to two large water supply systems, those of the cities of Belgrade (for the period from 2011 to 2013) 
and Niš (2003 to 2010). The warmer part of the year, from May to October, is analyzed. Given certain specific 
features of each of these months (varying use of water for irrigation, summer holidays, etc.), they were grouped 
into three periods that are analyzed and presented separately: (1) May and June, (2) July and August, and (3) 
September and October.

The results show a distinct correlation between the two parameters. In addition to quantifying the correlation, 
the paper discusses noted differences between the considered water supply systems as well as differences by 
month. The impact on water supply security in the future and anticipated adaption measures are also generrally 
addressed.

Keywords:  average daily temperature; daily water production; water supply system; climate change, adaptation 
measures 

Introduction and Methodology

It is well-known that water production by a water supply system is comprised of water consumption and 
water losses. In general, consumption is made up of consumption for household needs and watering of 
gardens, consumption by industry, public consumption and authorized unbilled consumption. It would have 
been interesting to look into different types of consumption as a function of temperature, but the needed data 
were not available. As a result, only the dependency of total consumption on temperature was analyzed with 
reference to the water supply systems of Belgrade and Niš. The first part of Section 2, “Results”, contains brief 
descriptions and presents the main characteristics of the two systems for general insight.

Consumption (or production) rates depend on the consumer structure and habits, industrial demand, time of 
year, water pricing, water losses and a number of other factors. The paper analyzes and presents daily production 
rates as a function of daily temperatures during the warmer part of the year—May through October. This period 
was divided into three parts: (1) May and June, (2) July and August, and (3) September and October, because 
of differences in water demand. Only daily averages were assessed. A linear trend was determined for each plot 
and the respective equation and coefficient of determination graphically represented. Then the percent change 
in water production for 1°C and 2°C was computed. Section 3, “Discussion and Conclusion” considers what 
the correlation means in light of future policies.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Results

A. Belgrade Water Supply System 

Belgrade is one of the most remarkable and oldest cities in Europe, dating back to the time of ancient Athens 
and Rome. Even then Belgrade had drinking water supply, as evidenced by the remains of a system running 
from Mali Mokri Lug via Terazije to the Kalemegdan Fort. Within the city core there is a “Roman Well” that 
dates back to the beginning of the first millennium. Since then, over the centuries, water supply has relied on 
groundwater abstraction from dug wells and springs. 

Public water supply began around 1892 with some 40 l/s withdrawn from springs within the city and its 
environs, for the then 50,000 inhabitants of Belgrade. Today, the Belgrade Groundwater Source is comprised 
of some 100 radial wells and about 50 tube wells, as well as river water withdrawal and treatment plants. The 
rate of groundwater abstraction peaked in 1986-1987, when the average annual production rate was 5.7 m3 of 
groundwater per second (JČI, 2010). Since then, 

Figure 1: Location map of the Belgrade Groundwater Source 

the capacity of the groundwater source has declined as a result of well ageing and destruction of a large 
number of well laterals, which were not replaced on time due to spending cuts. In consequence, less than 4 m3 
of groundwater per second is currently abstracted for drinking water supply. In the meantime, surface water 
has increased its share in the water supply from 20% to 40%, with production peaking at the beginning of 
the 21st century at an overall annual average rate of 7.5 m3/s. The efficiency of the system has been upgraded 
considerably over the past ten years (Figure 2), such that the annual average consumption rate is up to 6.5 m3/s. 
Today, the Belgrade Water Supply System produces about 200 million cubic meters of water (originating from 
groundwater and surface water), which is processed by six water treatment plants. A distribution network that 
is some 3500 km long delivers water to about 1.5 million inhabitants and numerous industries and businesses. 

Figure 2: Annual water production of the Belgrade Water Supply System from 2002 to 2012.

Figures 3 through 5 show the correlation between total water production and recorded daily temperatures for 
May/June, July/August and September/October 2011-2013 for the Belgrade Water Supply System. 
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Figure 3: Belgrade Water Supply System: Correlation between average daily water production and daily 
temperatures in May and June 2011-2013 (Taver. = 20.2°C)  

Percent variation in production rates for 1°C and 2°C (Belgrade, May-June): 

Figure 4: Belgrade Water Supply System: Correlation between average daily water production and daily 
temperatures in July and August 2011-2013 (Taver. = 25.0°C)

Percent variation in production rates for 1°C and 2°C (Belgrade, July-August): 
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Figure 5: Belgrade Water Supply System: Correlation between average daily water production and daily 
temperatures in September and October 2011-2013 (Taver. = 20.2°C)  

Percent variation in production rates for 1°C and 2°C (Belgrade, September-October): 

The highest average water production rate in Belgrade was recorded, as expected, in the warmest summer 
months, July and August (6577 l/s), followed by September and October (6499 l/s). The lowest was registered 
in May and June (6358 l/s) of the study period. The variation in production rates as a function of temperature 
was similar in May/June and July/August, while it was much lower in September/October.

B. Niš Water Supply System (NIVOS)

The City of Niš and parts of the Bela Palanka and Babušnica municipalities (total population about 260,000) 
receive their drinking water supply from the regional water supply system NIVOS. NIVOS comprises the 
following water sources: the artificially-recharged groundwater source Mediana, the karst spring systems of 
Studena and Ljuberadja-Niš, and the alluvial source Moravska. NIVOS operates about 30 pumping stations, 
some 30 water reservoirs and breaking chambers whose total volume is about 40,000 m3, roughly 100 km of 
water mains and approximately 800 km of service pipes.

Water production and delivery have been continuously metered since 2003 (Figure 6). The data are representative 
and highly reliable. Based on these data, over the past ten or so years NIVOS has provided about 1,190 l/s on 
average. 

Year 2003 2004 2005 2006 2007 2008 2009 2010
Average production (l/s) 1268 1219 1201 1250 1203 1156 1158 1166

The water supply has generally been stable in terms of quantity and quality (drinking water standards). Since 
2003, water losses have varied from 36 to 43%. The proportions by consumer category were: households 41%, 
industry and public consumption 19%, and unbilled consumption 40%.
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Figure 6: NIVOS: Annual production and billed consumption rates by user category,  2003-2010.

NIVOS is characterized by karstic water sources that exhibit considerable discharge fluctuations. The lowest 
rates were recorded in 1994 and 1993. On the other hand, the capacity of the artificially-recharged source is 
relatively stable and it contributes to water supply security during dry periods when spring yield declines. 
Figures 7 through 9 show the correlation between total water production and recorded daily temperatures for 
May/June, July/August and September/October 2003-2010 at NIVOS. 

Figure 7: NIVOS: Correlation between average daily water production and daily temperatures 
in May and June 2003-2010 (Taver. = 19.4°C)

Percent variation in production rates for 1°C and 2°C (NIVOS, May-June): 
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Figure 8: NIVOS: Correlation between average daily water production and daily temperatures 
in July and August 2003-2010 (Taver. = 23.0°C)

Percent variation in production rates for 1°C and 2°C (NIVOS, July-August):

Figure 9:  NIVOS: Correlation between average daily water production and daily temperatures  
in September and October 2003-2010 (Taver. = 14.8°C)

Percent variation in production rates for 1°C and 2°C (NIVOS, September-October): 
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The highest average rate of water production at NIVOS was also recorded in the warmest summer months, 
July and August (1260 l/s), followed by May and June (1211 l/s). The lowest was registered in September and 
October (1199 l/s). The variation in production rates as a function of temperature was similar for May/June and 
July/August, while it was again much lower in September/October.

Discussion and Conclusion

The warmer part of the year was divided into three periods: (1) May and June, (2) July and August, and (3) 
September and October, because of slight differences in consumption ratios between these months. The third 
period (September-October) differed from the other two because less water was used to water plants, while 
the second period (July-August) was different because the number of active consumers decreased (summer 
holiday period). 

In July/August both systems recorded the highest average rates of water production despite temporarily reduced 
populations. This is attributed to higher temperatures during this period relative to the other two. For the same 
reason NIVOS recorded higher production rates in May/June than in September/October, to which watering of 
gardens was a contributing factor during this period. Belgrade reported higher production rates in September/
October than in May/June as a result of a higher population count, while the average daily temperatures were 
the same for the two periods (20.2°C). 

The slopes of the trend lines show that both systems exhibited a greater dependency of production on 
temperature during the first two periods, May/June and July/August. As previously suggested, this was due 
to watering of gardens and other green surfaces to a much greater extent than in the third period, September-
October. For the first two periods it appears that a temperature increase of 2°C causes an average increase in 
the rate of water production of 1.5 to 2.0%. According to predictions (IPCC, 2007; Đurđević, 2012), such an 
average increase is to be expected as early as the first decades of the second half of the 21st century. Due to the 
stochastic component (climate variations from year to year), summers of this type are possible even at present 
(e.g. the year 2012). The resulting increase in water demand can easily be neutralized in Serbia by economic 
pricing of water (price increase) and optimization of certain water supply systems. 

However, the situation with water resources is much more difficult. An average temperature increase of 2°C, 
on an annual basis, is expected to cause an average decrease in river discharge in Central Serbia of some 50% 
(Dimkić, 2012). The average decrease in the case of alluvial sources is somewhat lower (CCWaters, 2012), but 
it ranges from rather small (Belgrade alluvial source) to extreme in the case of certain water supply sources 
associated with small rivers that can dry out, primarily due to other factors compounded by climate change 
in certain parts of Serbia, such as declining precipitation levels, increase in human consumption of water for 
various needs upstream from a given water supply source and changes in land use patterns.

Apart from water price increases and optimization of water supply systems, adaptation measures need to 
be sought through a comprehensive water sector strategy, which will eventually require a geographical and 
temporal redistribution of water resources. This applies to Serbia and most of South East Europe, as well as 
many other parts of the world, particularly in places where climate change will lead to reduced precipitation 
levels.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Abstract

Srem region, an important agricultural area, is positioned to the northwest of Serbian territory. Around 60% 
of territory is agricultural land and the rest is covered by settlements, nature reserves and forests. Mostly 
favourable conditions led to fast agricultural development, but recent drought events affected it severely. Water 
deficit during drought periods makes a limiting factor in agricultural production. Consequences of drought are 
not as big as in other parts of Serbia, still drought impact is proved through correlation of drought index, SPI 
and average yields in the recent past (1997-2010). 

Values of Pearson product-moment correlation coefficient (r) confirm linear dependence between SPI 
for growing season (SPI-6, adapted to growing season of each crop) and yields of following crops: maize 
(0.60), sugar beet (0.65), beans (0.63), potato (0.64) and alfalfa (0.51). Pearson’s r for grapes shows negative 
correlation (-0.47), and for wheat and sunflowers, the correlation is weak (around 0.1). Calculated correlation 
coefficients indicate at what extent the irrigation is developed at studied area. Without irrigation, correlation 
coefficients would probably be significantly higher. 

Irrigation is not just measure for drought mitigation, but for sustainable agricultural production as well. 
Irrigation development may influence an increase of water requirements, and consequently it can make a 
seasonal pressure on water resources in the future. For irrigation of approximately 50% of estimated 
agricultural land, an amount of 297M m3 is needed to fulfil water requirements in 4 out of 5 years. In case if the 
economic viability of the system has to be ensured (probability of 90%) water requirements are 350M m3. If 
the occurrence of extreme climate events rises, as IPCC’s assumed climate scenario foresees, water needs for 
domestic use and all economic sectors will certainly escalate. Numerous scenarios can be developed; anyhow 
the key word is planning.

Keywords: SPI, extreme climate events, yield decrease, correlation, irrigation requirements

Introduction

We have witnessed recent extreme climate events, severe droughts and flooding, worldwide. IPCC’s (2007) 
climate scenario foresees that future brings us often occurrence of severe drought and heavy precipitation, 
followed by flooding, which will certainly affect several economic sectors. Climate change impact assessments 
are necessary because they offer different aspects of the effects that future changes could have on human 
activities and the natural world, especially when they are coupled with the identification and assessment of 
possible adaptive responses to a changing climate (UNEP/IVM, 1998). Subsequently, impacts of climatic 
change on water resources have gained considerable attention among scientists in different fields.

Unlike floods, droughts are not clearly defined. Moreover, flood damage is easily observable, while drought 
can have prolonged effect, and can make an impact of different severity. Drought impact is usually spotted first 
by those most reliant on rainfall. Hence, we focus on drought when it is upon us or when the damage is already 
done. In drought management, making the transition from crisis to risk management is difficult because little 
has been done to understand and address the risks associated with drought (Knutson et al., 1998).
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Different quantitative measures of drought have been developed, depending on discipline and particular 
application. Drought indices combine various indicators of drought into a single index to help in identifying 
the onset as well as the severity of a drought; therefore different indices have been proposed and are used 
for different purposes (Loucks and van Beek, 2005). Standardized Precipitation Index (SPI) recognizes the 
importance of time scales and quantifies the precipitation deficit for multiple time scales that reflect the impact 
of drought on the availability of different sources of water (Loucks and van Beek, 2005; Guttman, 1999). 

When water supply does not meet crop water requirements, water stress will develop in the plant which will 
adversely affect crop growth and ultimately crop yield. The effect of water stress on growth and yield depends 
on the crop species and the magnitude and the time of occurrence of water deficit. A “normal” condition 
for plants, which will provide good yield, is not an average condition, but a condition above average giving 
promise of more than an average crop (Kelly and Kirkbride, 1964). This concept varies from one locality 
to another. Strong relations between drought conditions and yield are already proved through correlation of 
twenty-year series of annual SPI values and yield reduction values of the most frequently cultivated crops 
estimated by CROPWAT model (Djurovic et al., 2008). Irrigation becomes a necessary measure not just for 
achieving high yields, but for providing stable agricultural production. If rain-fed crops are converted to 
irrigated crops, producers’ vulnerability to drought shifts from local (the field) to regional (the watershed), 
bringing in competitive users for the irrigation water (UNEP/IVM, 1998). 

The aim of this paper is to show correlation between drought (SPI) and actual yields, and furthermore potential 
influence of water consumed by agriculture (irrigation) on current water resources in particular region. Studied 
area is the Srem region, an important agricultural area, which is not heavily affected by drought like some other 
parts of Serbia, although the drought impact has been registered. However, with irrigation development, along 
with the general increase of water consumption during dry periods, water usage can make a significant pressure 
on water resources. The Danube and the Sava are both international rivers, hence there are some restrictions 
concerning water usage. Although it seems there is enough water for irrigation from mentioned rivers, assumed 
climate changes will affect water consumption in most sensitive periods, when lack of water occurs widely 
(Rudic et al., 2013).

Srem region is positioned to the northwest of Serbian territory, between the Danube River, eastern and northern 
border, the Sava River, southern border, and the border with neighbouring Croatia, to the west. Around 60% 
of territory is agricultural land and the rest is covered by settlements, nature reserves and forests. Mountain 
Fruska Gora stretches from the east to west, separating Srem’s territory into northern, smaller and narrow part 
and southern, larger plain area. Hence, the watershed of Fruska Gora separates the Srem into two drainage 
basins: northern that belongs to the Danube and much bigger southern part that belongs to the Sava. The Srem 
region and the whole Vojvodina Province, as a part of the Pannonian plain are surrounded by mountain range 
which affected their basic climate traits. The exposure towards north and west causes stronger influence of 
the air currents and weather changes from foregoing directions. Consequently, more distinct characteristics of 
continental climate (precipitation and temperature) occur than expected by geographical location. The Srem’s 
climate conditions are spatially and temporally very variable. 

Material and Methods

Standardized Precipitation Index (SPI) is developed by McKee, Doesken and Kleist, in 1993. SPI calculation 
for any location is based on long-term precipitation monitoring, and to be specific monthly rainfall and 
cumulative series for 2, 3, 4 and more months are used. Precipitation amounts for shorter periods are adjusting 
to gamma distribution, which is then transformed in normal distribution in the way that average SPI value for 
studied area and period is equal to zero, and standard deviation is equal to 1; conceptually, the SPI represents 
the number of standard deviations above or below that an event is from the mean (Edwards, 1997). The SPI 
values and categories, following McKee et al. (1993), are shown in table 1 (Loucks and van Beek, 2005). After 
experienced drought impacts, US Drought Monitor prompt new categories, with slightly changed category 
values (US Drought Monitor, web-site). 



163

Table 1. SPI values and categories
Values Category Values Category

more than 2.0 extremely wet
1.50 to 1.99 very wet
1.00 to 1.49 moderately wet - 0.5 to - 0.7 abnormally dry

- 0.99 to 0.99 near normal - 0.8 to - 1.2 moderate drought
- 1.00 to - 1.49 moderately dry - 1.3 to - 1.5 severe drought
- 1.50 to - 1.99 severely dry - 1.6 to - 1.9 extreme drought
- 2.00 and less extremely dry - 2.0 and less exceptional drought

(Loucks and van Beek, 2005) (US Drought Monitor)

Precipitation deficit has different influence on groundwater, water resources, soil moisture and watercourses, 
consequently SPI is developed in the manner to assess deficit for different time intervals. Time scale reflects 
drought influence on the availability on different water sources. Soil water regime corresponds on precipitation 
anomalies in relatively short period; therefore it is enough to present SPI-3, for interval of three months. 
Negative SPI values are indicators of under average precipitation and drought. Hence, a drought period is 
determined by its beginning (when SPI turns to be negative) and ending (when SPI turns to be positive again) 
and intensity for each month that is equal to calculated value.

Crop evapotranspiration is calculated by multiplying reference evapotranspiration with crop coefficients. 
Reference evapotranspiration, ETo, is calculated according recommended FAO Penman-Monteith method 
(Allen et al., 1998). Irrigation water requirements are calculated as a difference between actual evapotranspiration 
and effective rainfall (Avakumovic, 1994), where effective rainfall is obtained using United States Department 
of Agriculture’s Soil Conservation Service (USDA) method (Avakumovic 1994; Dastane, 1978).

Pearson product-moment correlation coefficient is used as a measure of the strength of a linear association 
between drought index (SPI) and achieved yield (1). 
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where ρx,y  is a coefficient of correlation between the random variables x and y, mx, my and σx, σy,  are their mean 
values and standard deviations, respectively. The analysis presented in this paper assumed that the random 
variable x was a SPI-6 index and y was actual yield. 

Hazen method is often used for determination of the probability of occurrence of natural phenomena as 
precipitation or flooding, for various engineering and industrial purposes (Harding, 1949). In this paper this 
method will be used for getting a probability of occurrence of water requirements, to assess potential water 
consumption in the future. This parameter depends on numerous data, among which the most dominant is 
precipitation. It is assumed that since it is inversely proportional to precipitation, the distribution of the data 
set in initial step should be reversed, i.e. high probability of occurrence will have low precipitation and high 
water requirements.

Data for calculation, meteorological and agricultural, is obtained from the official sources. For calculation 
of SPI is used precipitation data for representative weather station Sremska Mitrovica, time series 1961-
2010. Meteorological data used for calculation of SPI and evapotranspiration is provided from the Republic 
Hydrometeorological Service of Serbia. Annual yield is obtained from statistical yearbooks of the Statistical 
Office of the Republic of Serbia, for the period 1997-2011.
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Results and Discussion

Annual SPI for the period 1982-2010 is used as an overall indicator for weather conditions of the studied 
region. SPI-12 reveals meteorological characteristics of separate years and accordingly which year was 
the most critical one (Figure 1). Year 2000 was extremely dry, years 1988, 1992 and 2003 were severely to 
moderately dry, according to original drought categorization. If the drought severity is assessed using current 
USDM classification, weather in mentioned years would be categorized as severe to exceptional drought. 
Additionally weather in years 1990 and 1993 can be labelled as severe drought, then in years 1983, 1999, 2002, 
2008 and 2009 it can be considered as abnormally dry. 

Figure 1: SPI-12 for the period 1982-2010

Several scatter plots have been done initially, because they tend to be a helpful tool in determining the strength 
of the relationship between two variables. Scatter plots indicated possible association between the proposed 
variables, SPI and yield. Figure 2 represents the dependence of SPI-6 and yields for several representative 
crops in Srem region. Crops are chosen in regard to significance to agricultural production at the state level. 
Linear equations that fitted to given data confirm the linear association, which is further quantified by the 
correlation coefficient. 

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Figure 2: Scatter plots with linear regression line Yield=f(SPI_6)

Values of Pearson product-moment correlation coefficient confirm linear dependence between SPI for growing 
season (SPI-6, adapted to growing season of each crop) and yields of following crops: maize (0.60), sugar beet 
(0.65), beans (0.63), potato (0.64) and alfalfa (0.51). Pearson correlation coefficient for grapes shows negative 
correlation (-0.47), and for wheat and sunflowers, the correlation is weak (0.35 and 0.15, respectively). 
Calculated correlation coefficients may indicate at what extent the irrigation is developed at studied area. 
Without irrigation, correlation coefficients would probably be significantly higher, i.e. closer to 1, since values 
close to 1 or -1 indicate perfect correlation. 

Some crops are more sensitive to rainfall than the others that have been assessed. Irrigation, better adjustment 
of cultivars to dry conditions or different crop needs in particular phenophase are possible explanations for this. 
A positive correlation for most crops indicates a positive association between the variables (increasing values 
of SPI correspond to increasing values of yield), while a negative correlation, as for grapes, indicates a negative 
association between mentioned variables (increasing values of SPI correspond to decreasing values of yield). 
Unlike industrial, fodder or field crops, grape production has specific water requirements. Excess rainfall or 
intensive irrigation worsens yield quality of grapes. Too much water can cause delay of grape fructification or 
along with high air humidity it may influence berry skin break, increased microbial activity and appearance of 
pathogenic fungi. Orchards and vineyards are intensively grown, with irrigation implemented, as high-value 
crops, therefore less influenced by drought, but more by other weather events, like hailstorms. 
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Water requirements are calculated for the period 1982-2010 for a typical crop pattern, which consists of field 
crops 65%, industrial crops 18%, fodder crops 5%, vegetables 9% and vineyards and orchards 3%, according 
statistical data. Reached maximum and minimum monthly water requirements, along with annual maximum 
and minimum and calculated average values are displayed in Table 2. Annual water requirements are in average 
221.8 mm, although the average conditions are not “normal” conditions for crops. The “normal” condition of a 
crop indicates conditions that come between the average and the possible maximum and this concept obviously 
varies from one locality to another with difference in soil and climate (Kelly and Kirkbride, 1964). 

Table 2. Minimum, maximum and average water requirements in Srem
JAN FEB MAR APR MAY JUN JUL AVG SEP OKT NOV DEC Year

MAX 0.4 10.8 18.6 48.3 61.3 98.5 126.2 111.5 35.4 8.3 0.2 0.0 432.4
MIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 85.7

Average 0.0 1.0 3.1 10.8 30.6 39.4 71.8 53.6 10.6 0.8 0.0 0.0 221.8

The amount of water that represents crop needs in 4 of 5 years in studied area is 297 mm, or one can assume 
in the same manner that an amount of 350 mm can be expected in 9 of 10 years. An area of roughly 200000 ha 
of agricultural land is suitable for irrigation (Institute “Jaroslav Cerni”, 1996). The expectations that the entire 
area will be irrigated are probably unrealistic. For irrigation of approximately 50% of estimated agricultural 
land, an amount of 297M m3/year is needed to fulfil water requirements in 4 out of 5 years. In case if the 
economic viability of the system has to be ensured (probability of 90%) water requirements are 350M m3/year.

Conclusion
Generally, drought represents example of severe climate change that is crucial for water balance of every 
area, and consequently for economic sectors that are dependent on water abundance, as agriculture. Drought 
consequences are confirmed in the Srem area through correlation of drought index, SPI-6, and average yields 
in the period 1997-2010. High-quality soil potential for intensive and heterogeneous agricultural production 
is limited mostly by weather conditions. Rainfall is often insufficient or unlikely distributed year by year, but 
also during the year. During the growing season, in several years, longer or shorter periods of water deficit 
occurred, which caused drought of various intensity. Drought usually occurs in July or August, when the 
water requirements for most crops are highest. The yield response to water deficit can vary among varieties 
of the same crop. High producing varieties are more sensitive in their response to water, fertilizer and other 
agronomic inputs.

Irrigation eliminates unfavorable water conditions for crops, regulates soil water balance and makes better 
conditions for high and stable agricultural production. Irrigation development increases economic efficiency, 
effectiveness and profitability of all subjects that are linked to agricultural production. Analysis of drought 
occurrence in the Srem, water requirements and potential effects of irrigation on increase and stabilization 
of yield and improvement of agricultural production lead to several conclusions. Need for irrigation across 
the territory of the Srem is rather high, due to often dry periods, yield decrease and yield dependence on 
weather conditions. Irrigation tends to increase and stabilize yields regardless the onset, duration or intensity 
of a drought. Increasing productivity per unit of area, caused by irrigation or improving agricultural practise, 
is often accompanied by an expansion of resources, notably capital, information, and alternative sources of 
income; therefore the farmer could become less vulnerable to climate change (UNEP/IVM, 1998). 

Water requirements increase remarkably with the growth of irrigation area, although it represents just a potential 
pressure on water resources, since the agriculture - irrigation doesn’t have a priority in water consumption. If 
there is a lack of water in potential water sources, irrigation is first to be stopped. Institute “Jaroslav Cerni” 
(1996) has already conducted research that shows that despite the abundance of water in big rivers that surround 
this region, proper water management and planning is obligatory. Today, irrigation is still underdeveloped in 
Srem and water requirements are likely to be satisfied. Future expansion and further development of agricultural 
production, together with extreme climate events may significantly influence water resources. 
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Abstract 

Across the Earth, in everyday professional and scientific debates, climate changes are referred as a 
multidimensional global threat that represent a multiplier of various tensions over access to basic life resources 
which wane. Thus, in this paper we analyze the phenomenology of climate change that is brought into direct/
indirect relationship with endangering the safety of human, material and cultural resources and the environment 
at the national and global levels. The paper also analyzes the impacts of climate change on increasing disaster 
risk, that every day increasingly destructive endangers the safety of people both by work and by nature of 
created value. At the end of the paper, the effects of climate change on water resources are presented.

In conclusion, the authors point out that climate change is a reality that presents a significant security risk and 
a challenge, which have caused: the reduction of energy access, food availability, increased frequency and 
intensity of catastrophic natural disasters, population displacement, increasing public health problems, and 
lack of health safe drinking water. In addition, they actualize the idea that climate change poses a serious threat 
to national security and defense of the country, which was matter dealt mostly by activists and environmental 
experts in the field. However, lately climate change is beginning to be a subject of interest of politicians and 
security officials around the world.

Keywords: climate change, predictions, security, natural disasters, and water resources

Introduction

The idea that climate change poses a serious threat to national security is subject dealt mostly by environmental 
activists and experts of educational and scientific-research institutions in the field. However, lately climate 
change is beginning to be a subject of interest of politicians and security officials around the world. 

In a discussion of the United Nations Security Council in 2012, The Secretary-General Ban Ki-moon said, 
climate change does not encourage only threats to peace and international security, but it  itself is a serious 
threat to peace and international security (Barnett, Adger, 2007:102). In addition to Ban Ki-Moon and his 
predecessor Kofi Annan, addressing to the twelfth Conference of the Parties of the United Nations in Nairobi 
2006, said, climate change is not just a problem for global warming. It is a comprehensive health and safety 
threat to countries around the world. It can threaten food supply around the world and the land from which 
half the world’s population lives (Happer, 2012:31). In addition, the British Admiral Neil Morissette, who is 
in charge for climate issues and energy security in the British Ministry of Defense, was not indifferent and at a 
conference in London he emphasized the importance of considering the nature and reasons of migration of the 
population that lost its land due to climate change (Ball, 2009:23). In addition, he pointed out the fact that the 
mass migrations of people caused by climate change will produce conflicts around the world, which will have 
negative implications for different segments of defense, security and protection.

1  This paper was realized as a part of the project “Studying climate change and its influence on the environment: impacts, 
adaptation and mitigation” (43007) financed by the Ministry of Education and Science of the Republic of Serbia within the framework 
of integrated and interdisciplinary research for the period 2011-2014.
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Thus, this paper analyzes the climate change as a contemporary security threat in the context of their impacts 
on increasing the risk of natural disasters as one of everyday forms of security threats, material, cultural 
resources and the environment where among other health safe water has an important place.

Phenomenology of climate change

According to the U.S. Environmental Protection Agency - EPA it is stated that climate change is a significant 
change in climatic conditions, such as temperature, precipitation and winds that last for a decade or longer, 
and may result from: natural processes within the climate system (changes in ocean circulation), the change 
in the intensity of solar radiation, or human activities that affect the composition of the atmosphere (through 
the burning of fossil fuels) and the land surface (deforestation, urbanization, desertification) (Dimitrijevic, 
2010:67). In addition, unlike climate change, the term „global warming” means that tropospheric temperature 
increase that contributes to changes in global weather patterns, and they are caused by increased emissions of 
so-called greenhouse gases, mainly carbon dioxide and methane (Environmental Protection Agency, 2007:78). 
The signatories to the UN Convention on Climate Change and the Kyoto Protocol in 1997, accepted that 
climate change carries many potential hazards, such as sea level rise, increased frequency of natural disasters, 
the spread of infectious diseases, decline in biodiversity and reducing the availability of food and water (Parry, 
2007:11).

Given the extensive work on climate change, it can be said that the scientists agree that climate change is 
very likely caused the increase in sea level in the second half of the twentieth century; probable changes in 
wind patterns, affecting the directions of non-tropical storms and temperature patterns; probable increased 
temperatures of extreme hot nights, cold nights and cold days; rather than not increased the risk of heat waves, 
areas affected by drought since 1970s, and the frequency of heavy rainfall; warming that is the greatest over 
land and at the highest latitudes, and the lowest over the Southern ocean and parts of the north Atlantic; 
contraction of the area covered by snow, increased thaw depth in most areas and the reduction of sea ice; very 
likely increase in precipitation at high latitudes.

Thus, in general climate change has affected all natural processes, changing their many features that will have 
different effects on people, and one of them is certainly the increasing frequency of natural disasters.

Effects of climate change on national security

Generally speaking, the problem of climate change has not been emphasized enough nor it has not been given 
the importance it deserves because of its direct impact on the population and the environment (Center for 
Naval Analyses, 2007:79). From the standpoint of safety, it may be given too little and too much importance 
to human, political and economic consequences, as well as to the environmental consequences that could be 
caused by climate change. Among those who warn of the possible consequences of climate change, now are 
experts who are directly/indirectly involved in safety sciences (Executive Office of the President, 2010:31). 
The working meetings at national or international level, as well as within the United Nations Convention 
on Climate Change, as a rule, have been exclusively within domain of national Ministries of Environment. 
However, as knowledge on the subject is growing, it is clear that climate change cannot be limited only to the 
aspect of environmental protection. Therefore, over time it becomes clearer that climate change does not only 
affect the environment, society and economy, but also the global stability and national security.

Nonetheless, they generally were given too little importance, but that is slowly changing. In this regard, we 
can say that climate change is attracting increasing attention of successors of theories of human, sustainable 
and national security, and not necessarily only in the context of humanitarian aid in the event of a disaster 
(Ibarraran, Ruth, 2009). Unfortunately, as was the case with the adoption of the law on environmental protection 
in general, most of the new agreements, laws, regulations and strategies for the reduction and adaptation to 
climate change as well as the recognition of their importance for security will have to wait new even worse 
crisis than those caused by global warming.
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Climate change increases the pressure on countries that already have problems with health of people, 
electricity supply, health drinking water and that struggle with severe demographic problems, says Admiral 
Neil Morissette, special envoy of the British government’s climate and energy security (Schwartz, Doug, 
2003:24). In addition, he believes that if the food supply - due to floods, droughts and other extreme weather 
events - become lower, it will strongly affect the political stability of the entire region, says Morissette. At the 
same time, he emphasizes that this is not only a problem of the poor, but of every country of the globalized 
world.

“Secret Pentagon report on climate 2008” states possible military consequences of climate change. Thus, for 
the period since 2010 to 2020 following predictions were given: Europe (2015:conflict within the EU over food 
and water supplies lead to skirmishes and strained diplomatic relations, 2018: Russia joins the EU, providing 
energy resources; 2020: migration from northern countries such as the Netherlands and Germany to Spain and 
Italy; Asia (2015: strategic agreement between Japan and Russia over Siberia and Sakhalin energy resources 
in 2018: China intervenes in Kazakhstan to protect a pipeline that regularly is attacked by rebels and robbers, 
the United States (in 2015: European migration to the United States; 2016: conflicts with European countries 
over fishing rights; 2018: concerned for North America, the United States formed an alliance with Canada and 
Mexico; 2020: Defence Ministry opens borders to refugees from the Caribbean and Europe (Official Journal, 
2008:50).

The deputy head of the UN Environment Programme Achim Steiner said that climate change will pose a major 
threat to peace and security in the future (Bernauer, Tobias, 2012). At the same time, Germany has published 
the first report in which climate change is link to global peace and security issues. On that occasion, it was 
expressed concern about the possible negative consequences of climate change which in the long term may 
exacerbate existing threats to international peace and security”(Mazo, 2010:37).

In a new four-year report to Congress, the Pentagon planners classified climate change into security threats 
(Lee, 2009:21). This was preceded by the establishment of the Centre for climate change research  at the 
Central Intelligence Agency – CIA. One intelligence official who follows the climate change said that he is 
always looking at the worst case scenario, and whether it is on global warming or the prospects of Country 
A invading Country B, he says that he only evaluates the most likely outcome, which is the worst, too (Lane, 
2008:21). Military officials, trained to prepare detailed plans for a wide variety of contingencies, have similar 
opinion. Vice Admiral Lee Gunn, Navy veteran with 35 year of service at the same time he is President of 
the American Security Project, said that “Americans expect that military haveplan for the worst” (George, 
2008:31). He added that it was, according to him, kind of thinking that has convinced most of the military 
leaders that climate change is a real threat and that the military plays an important role in dealing with it.” In 
addition, climate change could affect the shipbuilding and aircraft construction because it must be taken into 
account that in 20, 30 or 50 years ships will sail and airplanes will fly in very changed circumstances. Among 
the scenarios that concern security planners is the melting of ice masses in the Himalayan mountain range. 
According to this theory, the rivers fed by the Himalayan glaciers will first flooded low-lying areas, and then 
dry up, with the disappearance of glaciers. That would jeopardize tens of millions of people in the lowlands of 
Bangladesh, causing mass migration, and then wars, according to military experts from the U.S. and the Indian 
subcontinent (Podesta, Ogden, 2007:116).
  
In theory, there are a number of different predictions, however, we should definitely mention this gloomy 
prediction that could very much affect the updating of defense plans worldwide (Busby, 2007:71): the wars in 
the future will be waged in order to survive, not because of religion ideology, or national honor; devastating 
storms will destroy the defensive coastal fortifications, so that large parts of the Dutch land will not provide 
conditions for housing, average annual temperature will drop to minus 13°C, climate in Britain will be colder 
and drier, while climate type will become similar to the Siberian, the number of deaths due to war and famine 
will grow in millions, population will decline, unrest and international conflict will torn apart India, South 
Africa and Indonesia; access of safe drinking water will become the main basis for the conflict, and the area 
around the Nile, Danube and Amazon are mentioned as high risk; significant drop in capabilities of the planet 
to serve population will become apparent over the next 20 years; rich areas, like America and Europe will 
become  “virtual forest” that will stop the migration of millions of land submerged after sea level rise or the 
land that became infertile,  waves of sailors will cause significant social problems; huge increase of nuclear 
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weapons will be inevitable; climate will become an “economic problem”, while storms, floods and heat hits 
will inflict great damage to farmers, more than 40 million people in subtropical regions are major risk factor, in 
Europe, internal conflicts caused by mass migrations from flooded coasts, immigrants from Scandinavia will 
seek warmer climes on the south, southern Europe will be flooded with refugees from the most affected African 
countries; massive flooding hit the main barns, including the American Midwest, where strong winds affect the 
fertile land; China will be especially vulnerable due to the large population and food needs; Bangladesh will be 
almost uninhabitable due to rising sea levels that pollute ground water supplies, and so on.

The most dramatic of these assessments is a report of the Ministry of Defense, which claims that climate 
change may potentially destabilize the geopolitical environment, leading to skirmishes, battles, and even war 
due to limited resources “(Lee, 2009:45). It identifies lack of food, water and disrupted access to energy as 
key influences that start the war, and talks in terms of “sustainability”, “ancient hostilities”, and the “fight for 
access”.

There is a growing fear that the climate change that is already taking place, will have an even more terrible 
consequences in the future and cause instability and disorder at the national, regional and international levels, 
which could lead to armed conflict (Klare, 2001:31). In addition, the most violent conflicts are expected around 
regions that could become uninhabitable due to, for example, desert drought, rising sea levels, lack of safe 
drinking water (Tertrais, 2011:25).

Taking all into consideration, it can be said that climate change is not a reason for another conventional arms 
race, but the use of force (defense) is the part of 3D strategy (Trondalen, 2009:13). 

Based on our current knowledge about climate change, security risks and threats that it might make in the 
future, climate change is just as important for the state as well as individuals, and will probably remain so 
until the end of this century, if not longer. Announcement of climate change as security risk is necessary and 
irreversible, and now is the right time for that to happen before the outbreak of a major ecological disaster.

The consequences of climate change on increasing the risk of natural disasters as threatening appearance 
of security

Climate changes increasing the average temperatures of the atmosphere, hydrosphere and lithosphere in 
various ways affect the increase in the frequency and intensity of natural disasters. Moreover, global warming 
is particularly affects hydrologic and meteorological disasters as they are in the closest relationship with the 
consequences of climate change.

In general, the overall increase in temperature leads to an increase in the number of hot days and decrease in 
the number of cold days, worldwide. In the middle and upper parts of the northern hemisphere, observations 
indicate an increase in precipitation, which contribute to the development of different types of floods and 
landslides and soil erosion (Wisner, 2004; Milojković and Mladjan, 2009). In some parts of the world, such 
as Africa and Asia, the frequency and intensity of droughts have increased in recent decades. Such changes 
are consistent with the intensification of the hydrological system. From 1900 to 2005  precipitation increased 
significantly in eastern parts of North and South America, northern Europe and northern and central Asia, 
but declined in the Sahel, the Mediterranean, southern Africa and parts of South Asia (Clifford, 2011). At the 
global level, the area affected by the drought is likely to increase since 1970s and it is very likely that over 
the past 50 years, cold days, cold nights and frost have been less frequent over most land areas, and that the 
hot days and hot nights have been more often (Sheffran, Battaglini 2011). Also, it is likely that heat waves are 
more common in most land areas, that in most areas there is increased frequency of heavy rainfall and that 
since 1975 frequency of extreme sea level rise has increased worldwide. There is also evidence, obtained by 
observing, on increase in the intensity of tropical cyclone activity in the North Atlantic, approximately since 
1970 with limited evidence of an increase in other places. Predictions for the next century indicate that the 
number of hot days and very hot days will continue to grow, and that the number of cold and very cold day 
will drop in almost all regions of the world (Edward, 2005). In addition, the intensity and frequency of extreme 
precipitation will very likely increase in many areas, which will cause many floods   and landslides. Moderate 
continental areas will be mainly dry, which will increase the risk of droughts and fires.



172

 While the extreme temperature changes are quite expected, and in many areas, changes in the frequency 
of rainfall or drought can be foreseen with certainty, some small atmospheric changes are subject to greater 
uncertainty. This means that no reliable predictions for smaller phenomena, including thunderstorms, tornado, 
hailstorm, thunder and lightning. Taking all factors into consideration, we can say that global warming raises 
the temperature of the oceans and seas, which causes a variety of changes, and one of them is that warmer 
water increases the amount of moisture in the hurricane, as the warmer air contains more moisture. In addition, 
under appropriate conditions, most of the moisture is released in the form of large one-off rains and snowfalls, 
causing the flooding and the snowstorm. Partly because of this, a number of major floods on all continents have 
increased from decade to decade.

In many parts of the world, global warming raises the percentage of annual precipitation in the form of rain 
rather than snow, causing major flooding in the spring and early summer. Year 2005 in Europe was marked 
by unusual natural disasters. In the same year, a series of strong hurricanes unprecedented took place in the 
United States. In 2005, the news agency, “UPI”, summarized the feelings of many Europeans when it reported 
that: Nature in Europe gone mad. Floods in Asia were also more frequent. In Mumbai (India), height of water 
sediment reached 94 cm in 24 hours (Arnett, 2011: 51). It was verily the greatest rainfall ever recorded in an 
Indian city. Record floods were recorded in China as well, which as one of the oldest civilization possesses the 
best record of flooding than any other country in the world. On the other hand, paradoxically, global warming 
causes not only more frequent floods, but also more droughts. Global warming, on the one hand leads that the 
ocean evaporates more water that accumulates in the atmosphere as hot vapor, and on the other hand, it drags 
out more moisture from the ground (Rajib, Sharma, 2011). Partly because of this, deserts have spread from 
decade to decade worldwide. One reason for this paradox is the fact that global warming not only increases the 
amount of rainfall causing severe flooding around the world, but it partially diverts them.

Therefore, it is quite clear that the rise in temperature is accompanied by a rise in natural disasters because 
of the processes that we have indicated. Of course, given that natural disasters result from a combination of 
natural processes and their consequences to people, it is clear that the violation of the natural process that is 
reflected in temperature changes, affects the natural disasters that are part of the same process in nature. Over 
the past decade, the disasters that were associated with the weather were the cause of up to 90% of natural 
disaster, 60% of deaths and were responsible for 98% of cases of the decline in the quality of life in the 
populated areas (Hyndman, et al., 2011:65).

Effects of climate change on water resources

Water with all its physical and chemical properties, is of great importance for life. It represents an existential 
basis of life and is the main ingredient of all living beings. Historically, the water drove development or limited 
the progress of each community from family to civilization. In addition, water has multiple functions, which 
can be clearly seen through its functions such as habitat for many organisms, important function in reactions 
of photosynthesis; solvent for all of the nutritional elements of the land; foods for the majority of living 
organisms, in its biogeochemical cycle it is the important transmission of energy; due to process of evaporation 
and condensation, and a relatively high heat capacity it is an important climatic factor in the heat balance of the 
Earth (Podesta, Ogden, 2007:118).

Therefore, without sufficient amounts of safe water, one country can not function properly. Its use and the need 
for it are so important that the term “water security” came into use,  as the term for water use in negotiating and 
making a lasting peace based on international cooperation.

Widespread water shortages, reduction of arable land, reduced food supplies and fish, increasing number of 
floods and prolonged droughts are already happening in many parts of the world (Trondalen, 2009:46). In 
addition, climate change will certainly change rainfall patterns and further reduce the availability of safe water 
in some regions, leading to serious security conflicts.
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Problems related to the lack of water resources and the absence of cross-border cooperation can lead to tension 
and conflict over water resources in any region of the world. If there is a depletion of water resources in certain 
regions of the planet, it will lead to serious security problems (Piguet, 2008). For example, sea level rise would 
erase some countries could from the world map, while other neighboring states could experience a major 
political, economic, military and social stresses (Barnett, 2011). The population of the affected territories, 
which would be faced with a lack of safe drinking water or sea-level rise would massively migrated into the 
dry, water-rich areas, leading to serious conflicts that would cause tremendous consequences for both the 
national and international security as a whole. On the other hand, the countries that would not have felt the 
direct effects of sea-level rise, in some cases, could get some parts of the sea or ocean territory, which would 
affect the development of certain elements of the defense system (Cvetkovic, 2013).

Conclusion

By studying the climate change as a contemporary security threat, we came to the following conclusions:

• Climate change is beginning to be a subject of interest of politicians and security officials around the 
world, while at the national and international levels, discussion on the security implications of climate 
change becomes increasingly serious;

• Predictions on international conflicts arising from climate change are premature, but not unfeasible, 
because climate change is recognized as a threat multiplier worldwide;

• Climate change to a large degree increases the risk of natural disasters that pose a serious non-military 
challeng, risk and threat at national and global levels;

• Climate change is likely to cause: loss of territory and border disputes, migration, worsening living 
conditions, tensions over energy supplies and strategic resources, and the potential conflicts for health safe 
water;

• Defense, security and protection systems all over the world, including our country, are not yet sufficiently 
adapted to the changed security environment;

• Climate change directly affects the quality and quantity of safe water, which wanes and will become the 
reason for future serious conflicts that will often be justified by various pretexts packaged in context of 
“humanitarian operations”.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 



174

References

1. Ball, R. (2009). Climate Change and Sustainable Futures. Syst. Prac. Act. Res., 22: 139-148. 
2. Barnett, J., (2011). Dangerous Climate Change in the Pacific Islands: Food Production and Food Security, 

Reg. Environmental Change, 11: 229-237. DOI: 10.1007/s10113-010-0160-2.
3. Barnett, J., Adger, N. (2007). Climate Change, Human Security and Violent Conflict. Poli. Geog., 26: 

639-655. 
4. Bernauer, T., Tobias S. (2012). Climate Change and International Water Conflict in Central Asia. Journal 

of Peace Research 49, no. 1: 227-239.
5. Busby, J. (2007). Climate Change and National Security: An Agenda for Action. New York: Council on 

Foreign Relations.
6. Center for Naval Analyses (2007). National Security and the Threat of Climate Change. Washington, DC: 

Center for Naval Analyses.
7. Clifford, O. (2011). Catastrophic Disaster Planning and Response. United States: Taylor and Francis 

Group, LLC.
8. Cvetković, V. (2013). The impacts of climate changes on the risk of natural disasters. Makedonia: 

International Yearbook of the Faculty of Security, In Press.
9. Edward, B. (2005). Natural Hazards, Second Edition. Cambridge, University Press.
10. Environmental Protection Agency, U.S. Enviromental Protection Agency (2007). Nanotechnology White 

Paper, Washington.
11. Executive Office of the President. (2010). National Security Strategy. Washington, DC: The White House.
12. George, C. (2008). Climate Issues and Questions. Washington, DC: George C. Marshall Institute. 
13. Happer, W. (2012). No Need to Panic About Global Warming. New York: Wall Street Journal. 
14. Hyndman, Donald; Hyndman, David. (2011). Natural Hazards and Disasters: Third Edition. Canada: 

Brooks-Cole, Cengage Learning.
15. Ibarraran, E., Ruth, S., (2009). Climate Change and Disasters: Microeconomic Performance and 

Distributional Impacts. Londond, Environ. Dev. Sustain, 11: 549-569. DOI: 10.1007/s10668-007-9129-9.
16. Klare, M. (2001). Resource Wars. New York: Metropolitan Books.
17. Lee, J. (2009). Climate Change and Armed Conflict. New York: Routledge.
18. Mazo, J. (2010). Climate Conflict. New York: Routledge, 2010.
19. Parry, L. (2007). Climate Change 2007: Impacts, Adaptation and Vulnerability. In: Contribution of 

Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 
Parry, M.L. (Ed.). Cambridge University Press, Cambridge, pp: 976. 

20. Piguet, E. (2008). Climate Change and Forced Migration. New Issues in Refugee Research-UNHCR 
working pp: 153. www.bvsde.paho.org/bvsacd/cd68/new issue153. pdf.

21. Podesta, J., Ogden, P. (2007). The Security Implications of Climate Change. Wash. Quar., 31:115-138
22. Rajib, S., Sharma, A. (2011). Climate and Disaster Resilience in Cities. United Kingdom: Emerald Group 

Publishing Limited.
23. Scheffran, J., Battaglini, A. (2011). Climate and Conflicts: The Security Risks of Global Warming. Reg. 

Environ. Change, 11: 27-239. 
24. Schwartz, P., Doug, R. (2003). An Abrupt Climate Change Scenario and Its Implications for United States 

National Security. New York, Oxford Press.
25. Tertrais, B. (2011). The Climate Wars Myth. Washington Quarterly 34, no. 3: 17-29.
26. Trondalen, M. (2009). Climate Change, Water Security and Possible Remedies for the Middle East. Paris: 

UNESCO.
27. Wisner, B. (2004). At Risk: Natural Hazards, People’s Vulnerability and Disasters. London: Routledge 

2004.
28. Димитријевић, Д.: Трендови еколошке безбедности у XXI веку. Универзитет у Београду: Факултет 

безбедности, 2010. године.
29. Мilojković,  B., Mlađan D. (2010). Adaptivno upravljanje zaštitom i spasavanjem od poplava i bujica-

prilagođavanje poplavnom riziku, Bezbednost, 52(1): 172-237.
30. Tajni izveštaj Pentagona o klimi, scenario nagle klimatske promene i njene implikacije po bezbednost 

Zemlje. Beograd: Službeni glasnik, 2008.



175

Place-baSed PedagOgy: Water reSOurceS, climate change 
and architectural educatiOn1

Ana Nikezić, PhD, Assisting Professor, Dragan Marković, PhD student, 
Teaching Associate

Faculty of Architecture University of Belgrade, King Alexander Boulevard 73, Belgrade, Serbia
ana.nikezic@gmail.com

Keywords: climate change, water resources, place-based pedagogy, architectural education, students’ work, 
Vojvodina 

Extended Abstract

Over the past decade, the theme of protection of water resources shifted from theoretical to practical discourse 
focusing on the effects of climate change. In architectural schools all around the world the issue of climate 
change has been set as an essential goal in faculty teaching. Regardless of the all-encompassing agenda of this 
project, the implementation of these ideas in architectural education is coming about in a different way than 
expected. 

The main problem lies in the inefficiency of faculty curriculum to methodically implement the proclaimed 
objectives. One of the seductions of modern architectural education is that it can be understood as context-free 
activity. The knowledge students acquire in architectural schools is generally unrelated to their place – it is 
universal expertise of no-place. Architectural education happens far away from the real problems and issues 
such as protection of water sources in the context of new housing construction. Such a narrowly focused surely 
contributes to the low general quality of the built environment that we inhabit.

In recent years many publications have argued the need to replace traditional patterns of architectural education 
with the more flexible models. Some authors argue that architecture cannot and should not be taught in the 
abstract only, but knowledge and skills must be shaped though students’ participation in development.

As a reaction to these conditions, the goal of this paper was not to describe how architectural education can 
respond to the issues of climate change impacts on water resources in general terms, but to examine the 
relationship between men and nature, climate change and water recourses via architecture in the context of 
agrarian landscape and irrigation channel network in Vojvodina, Serbia.

Starting from the widely recognized need of learning with deep understanding, learning for sustainability 
and the increased interest in contextualized knowledge, this paper analyzes the teaching principles of place-
based pedagogy and its impact on the practice of architectural education. The aim is to critically examine the 
perspectives of place-based learning, and point to its pedagogical values. The starting premise of this case 
study was that place-based pedagogy represents effective teaching strategy for exploring the issues of climate 
change impacts on water resources.

1  This paper was realized as a part of the project “Studying climate change and its influence on the environment: impacts, 
adaptation and mitigation” (43007) financed by the Ministry of Education and Science of the Republic of Serbia within the frame-
work of integrated and interdisciplinary research for the period 2011-2014. 
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The “place based” pedagogy is a response against a conventional education that keeps students in classes 
and thinking about reality in the abstract sense. It is manifested in the research on how learning and school 
communities are conditioned by the natural environment. Gruenewald (2003a, 2003b) thinks that this idea 
is radical because current educational discourses seek to standardize the experience of students from diverse 
geographical and natural backgrounds. David Sobel (2004) thinks about “place-based” education as a paradigm: 
more as a mindset then as a specific kind of curriculum. According to this autor, “place-based“ education is 
„the process of using the local environment as a starting point to teach concepts“ (Sobel, 2004, 7). “Place-
based” education is not just motivated by a desire to overcome the divide between conceptual knowledge and 
lived experience – it seeks to address some of the varied ways in which we are connected to our places. 

By consciously blending approaches from this teaching approach, further in this paper we will review changes 
made by displacing architectural education from classroom surrounding to the natural environment settings. 
Drawing on our teaching experience, we explored the practical possibilities of “place-based” pedagogy for 
critical reflection on significant issue of protection of water resources. This idea is analyzed through various 
approaches to connecting the artificial, natural and human environment, biophysical and anthropological 
features of the landscape, environment, as well as contemporary approach to the design principles of sustainable 
development.

This paper reports the results of 15 first year students of master studies carried out during the 2012/2013 school 
year at the Faculty of Architecture University of Belgrade. Students have had the task to examine the position 
of housing in the context of the agricultural landscape and irrigation channel network of Vojvodina. The task 
was consisted of three steps. The first step was the examination of the agricultural landscape with the aim to 
provide different requirements for the new program framework of modern living. The second step was the 
formation of spatial and program basis for re-defining the role and character of the residential function in terms 
of the agricultural landscape and protection of water resources. The third step was the spatial interpretation of 
the previous two steps through the preliminary architectural project.

During the semester, students were expected to find new possibilities and limitations of networking nature and 
architecture by researching the impact and prospect that various housing models have on degradation of the 
Vojvodina agrarian landscape in the context of climate change. The aim of this design studio was to explore 
how various architectural program/spatial concepts harmonized with the environment can contribute to the use 
of management strategies in minimizing negative impact of built structures on the water resources.

None of the designs should be considered only for the picture it represents, but for the spectrum of various 
events it offers, which bears relation to the inherited structure, degree of animation of natural scenery, and the 
importance of establishing dialogue between the need for protecting the shore. The main direction throughout 
all phases of students` research was to determine the extent to which newly created architecture could be 
imposed upon a protected landscape, to create both a sustainable environment and a vibrant space of diverse 
social activities.

When curriculum mimics education in the surrounding environment, the boundaries between schooling and 
life become more obscure; and therefore, more integrated. This type of research contributes not only to solving 
of problems concerning the water resources of irrigation channel network in Vojvodina and contemporary 
architectural intervention, but it also participates in raising appropriate general awareness on the subject 
of adaptive quality of places seen in the prospect of global climate change. As architecture has ability to 
communicate with the environment, the article concludes that sustainable architectural design means reaching 
a higher quality of life and active involvement of people and their everyday life through agrarian landscapes in 
which changes in their relations are adaptive and transparent. 

Results of this study reveal that place-based pedagogy has elements that enable teaching of context-specific 
knowledge, skills and abilities that are essential for facing with the issues of climate changes impacts on water 
resources. The research pointed the necessity for introducing the concept of place-based pedagogy and issue 
of climate change at the lower levels of faculty education, and that it is necessary to implement goals of this 
teaching approach into all aspect of the architectural curriculum. 
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Anyone who teaches architecture knows that educating students to become architects involves more than just 
inculcating the knowledge, skills and abilities reified in the school curriculum. On the other hand, university-
based architectural education is essential for the development of future architects. The responsibility of 
architecture, as professional and pedagogical practice is to create conditions for greater integration between 
built environment and natural landscape. In the end, this paper suggests that it is necessary to initiate future 
professional study of the potentials and possibilities for the protection of similar sites in Vojvodina region, as a 
basis for preventing further degradation of protected landscape in the time of climate change.
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Introduction

Climate change is one of the key challenges facing European countries and whole world today. Climate change 
refers to a change in the state of the climate that can be identified by changes in the mean and/or the variability 
of its properties, and that persists for an extended period, typically decades or longer. It refers to any change 
in climate over time, whether due to natural variability or as a result of human activity (IPCC, 2007). Human 
activities result in emissions of four long-lived greenhouse gases (GHG): carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O) and halocarbons (a group of gases containing fluorine, chlorine or bromine). Global 
increases in GHGs concentrations are due primarily to fossil fuel use, with land-use change providing another 
significant but smaller contribution. 

It is widely acknowledged that climate is being affected by policies, plans and programs that are implemented 
in all sectors. According to European Directive 42/EC/2001 on strategic environmental assessment (SEA 
Directive, 2001), climatic factors are one of the substantive aspects to be considered in SEA report, along 
with biodiversity, population, human health, fauna, flora, soil, water, air, material assets, cultural heritage 
including architectural and archaeological heritage, landscape and the interrelationship between the above 
factors. Therefore, the integration of the wider aspects of climate into strategic environmental assessment 
provides the climatic factors with an opportunity to take on a stewardship role and gives considerable scope 
for preventing actions to  promote proactive approach to climate changes.

Published literature on SEA and climate change relationship has remained quite sparse.  There is no single 
article that has climate change and SEA as its main focus, but together the articles suggest that climate change 
should be considered in SEA in relation to alternatives, greenhouse gas emissions reduction and monitoring, 
and in relation to stakeholder involvement and biodiversity conservation. (Posas, 2011).

European Union SEA Directive was transposed into the legislation of Serbia through the “Law on Strategic 
Environmental Impact Assessment” (SEA Law, 2004). This law represents a strategic tool for environmental 
management, as it involves consideration of environmental problems and analyze impacts of proposed 
strategies, plans and programs to various sectors of the environment, ensuring that the issues of environmental 
protection and sustainable development are taken into consideration at the highest levels of decision making. 
SEA report, similar to the EU Directive, contains an explicit requirement that the climatic factors be taken into 
account when assessing the impact, as well as in determining significant impacts. Also, overview of  baseline 
conditions of environment could include areas that have the potential to be exposed to significant influence. 
This, applies to the climate factors, and if are significant, they should be treated also in other chapters of the 
SEA report.

The climate change as well as various meteorological and hydrological events in Serbia in the past decades 
has led to significant changes in the climate characteristics. In the second half of the 20th century on the 
territory of Serbia recorded on the rise in air temperature, about 0,6°C/100yrs, while the annual precipitation 
trend was slightly negative on the average level, but with different spatial distribution: positive (around +10 ÷ 
+15%/100yrs) on the west to negative (around -15 ÷ -20%/100yrs) on the east Serbian boundary (D. Dimkić 
et. al., 2012). The flow of water in rivers of Serbia over the past 50-60 years shows a trend to decrease. Based 
on the analysis of existing data likely average decreasing trend of  flow is about 30% /100 years.
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It should be noted that this is average level, and that there are many rivers and monitoring stations which often 
exhibit significant trend variations (both up and down), as a result of different factors, such as the transfer 
of water (if any, between catchments upstream form a given hydrological station), the volume and the way 
of water used by man in a given watershed, land use changes, and climate change (including differences 
associated with geographic locations within Serbia). The large river basins of Sava and Danube downward 
trend is about 10-15% /100 years (D. Dimkić et. al., 2011).

Different regional climate model predict different Climate projections for the future, especially for the distant 
future (second part of the XXI century). But each of them predict an acceleration in temperature rising 
(Djurdjević, V., 2012). Practically everybody who consider this subject agree that the problems related to 
the scarcity of water will become one of the greatest challenge in this century, especially in the region where 
decreasing precipitation trend is expected, such as central and east Serbia are.

The purpose of this paper was to explore how climate change is being addressed in SEA  regulation in European 
Union and in Serbia, and how  SEA reports in  practice handles climate change within the Serbian planning 
system. To do this, a preliminary analysis of twenty SEA reports as results of assessment various types of plans 
has done.

Analysis of climate change issues addressed in sea reports in Serbia

Currently in Serbia, the practice of integrating climate change considerations into environmental impact 
assessment is mainly concentrated on strategic level, e.g. on the strategic environmental assessment. The 
influences of plans on climate change were identified in the field of regional development, urban development, 
energy production and consumption, transport corridors, and  waste management. Because of a lack of related 
technical guidelines and practical experience, the climate change considerations that have been selected and 
the evaluation methods that have been applied are quite different. 

The reviews were conducted with aim to identify shortcomings in consideration of climate change issues in 
SEA reports in Serbia. A web-based search of SEA systems in Serbia was conducted. Regarding the time of 
publication, first SEA report was published in 2006, while a majority of reports are from 2010 to 2012. The 
reason is that a very few reports were published in the first years after SEA became mandatory in Serbia since 
2005. Planning system in Serbia is formally organized in tiered manner, with responsibility being distributed 
among three administrative levels, including national, regional and local level. In accordance with the planning 
system, preparation of SEA’s was organized at the same administrative levels. 

Twenty representative SEA reports were gathered and analyzed in terms climate change. According to the type 
of plans, following types of plans were subjected to strategic assessment: (1) national plan; (2) the regional 
plans, including plans of special purpose, (3) waste management plans; and (4) local spatial and urban plans.
 
A set of review areas and main criteria were  developed using requirements from the SEA regulations of Serbia 
(SEA Law, 2004). On this basis, five review areas were defined, as follows: 

(1) baseline data, (2) objectives and indicators, (3) impact assessment, (4) mitigation and adaptation measures, 
and (5) monitoring. A simple checklist has been developed taking into account inclusion of climate factors or 
climate change in each of five review area (Table 1.) 

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Table 1. Results of reviewing SEA reports of assessed plans 

Type of plan

No. of
plans Baseline Objectives/

indicators
Impact 

assessment

Mitiga-
tion/ adap-

tation
Monitoring

Number of SEA’s addressed climate change

Spatial Plan of Republic of Serbia* 1 0 0 0 0 0
Regional  spatial plans 3 2 2 2 0 0
Spatial plans of special 

purpose of water objects 3 1 0 0 0 0

Spatial plans of special 
purpose of transport corridors 2 1 1 2 0 1

Special purpose spatial plans-other 2 1 2 2 0 0
Waste management plans 3 3 2 3 2 3
Local spatial/urban plans 6 3 3 4 1 1

Total Number 20 11 10 13 3 5
% 100 55 50 65 15 25

The results in Table 1. show that 19 of 20 SEA reports, include some kind of considerations of climate factors 
or climate change. The results also show that main elaborated topics are impact assessment (65%), baseline 
climate conditions (55%), and definition of objectives and indicators (50%). On the other hand, mitigation 
measures (15%) and monitoring (25%) are not adequately represented. 

With regards to the type of plan, the analysis shows that the climatic factors are significantly represented in the 
SEA reports of waste management plans (13 cases or 87%) and reports of local spatial / urban plans (12 cases 
or 80%). On the other hand, in the SEA report of the Spatial Plan of Republic of Serbia climate change is not 
addressed, as this topic is specifically addressed in the Spatial Plan. Also, in SEA reports of three Spatial plans 
of special purpose of water objects climate change is not addressed, except baseline data in one case. A further 
analysis of the Table 1., shows that the SEA reports for the other three types of plans include climate factors 
with 40% and 33%.

The results indicate there is much greater awareness of climate change in SEA reports of waste management 
plans particularly in the area of mitigation and adaptation measures. Contrary, in all other types reviewed SEA 
reports the awareness about necessity to include mitigation and adaptation measures is very weak. And, it is 
also clear that in the SEA is not being used in either case to actively contribute to CO2 reduction. That means, 
from a climate change perspective, SEA is passive rather than active.

Conclusions

This paper discussed and examined how climate change is being addressed in SEA regulation in European 
Union and in Serbia, and how  SEA reports in  practice handles climate change within the Serbian planning 
system. The SEA legislation in EU and in Serbia include climatic factors are one of the substantive aspects to 
be considered in SEA report. But, requirement for consideration climatic factors in the SEA of plan or program 
has not precisely defined, and as consequence various approaches take place in practice.

In this preliminary study twenty  strategic environmental assessment reports of six types of strategic plans 
and three levels of planning were reviewed. The results show that climatic factors are relatively satisfactory 
represented in the SEA reports of waste management plans and of local spatial / urban plans, while assessment 
of other types of plans fail to consider climatic aspects on proper way. In terms of individual SEA topics 
successfully are treated impact assessment, baseline climate conditions, and definition of objectives and 
indicators. On the other hand, mitigation measures, adaptation and monitoring are not adequately represented. 
It is clear that in the SEA is not being used in either case to actively contribute to CO2 reduction. That means, 
from a climate change perspective, SEA is passive rather than active.
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For climate change, in particular, it will be important to consider early in the SEA process not just the 
impacts of the PP on climate and climate change, but also the impact of a changing climate on the PP and 
its implementation (European Commission, 2013). The integration of climate change into strategic planning 
through the application of the SEA  on correct way should lead to better informed, evidence-based planning 
that are more sustainable in the context of a changing climate, and more capable of delivering progress on 
human development.
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Flood predetermination is a prerequisite for the construction of hydraulic structures such as bridges and dams. 
In West Africa, flood and flow are usually determined by using FAO (1996) methods developed by ORSTOM 
and CIEH researchers, after experiments in the years 1960 - 1965 on an hundred watersheds in Africa.

Although 1970s and 1980s centuries were characterized by severe droughts, a slight recovery in rainfall was 
observed in the 1990s. In the Sahelian zone, given the strong impact of human activities, watersheds undergo 
a large increase in runoff coefficients, leading to an increase of flowing in many sahelian rivers despite lower 
rainfall amounts. Recent studies on extreme rainfall in the middle Niger showed that heavy rainfall are more 
frequent and more intense in some rainfall stations since the 2010, although no regional trend of this raise in 
frequency and intensity of heavy rainfall appear.

In addition, since the beginning of the decade 2010 an increase of flood events was observed in West Africa, 
and according to Descroix (2013), this can partly due to the increase of heavy rainfall events. In this context, 
the relevance of conventional methods of  flood  estimation  like FAO (1996) may be questionable, and those 
methods might be revised for West African watersheds.

In this work, we analyze the trends of the ten-year return period stream flow and  rainfall events for several 
watersheds in the Sahelian and Sudanian regions. Watersheds have Area between 1000 km2 to 10000 km2. The 
methodology consists in computing the decennial values on sliding periods in the long-term time series. Our 
goal is to identify trends that occur in maximum flood and rainfall and to classify watersheds according to the 
changes.

 

internatiOnal cOnference - climate change imPactS On Water reSOurceS



183

hiStOrical OvervieW and different methOdOlOgieS aPPlied in 
climate change StudieS

Branislava Vasiljević1, Dejan Dimkić1 and Vladimir Djurdjević2

1Institute for development of water resources “Jaroslav Cerni”, Belgrade, Serbia branislava.
vasiljevic@jcerni.co.rs, dejan.dimkic@jerni.co.rs
2Institute of Meteorology, Faculty of Physics, University of Belgrade, Serbia, vdj@ff.bg.ac.rs 

Abstract

One of the most serious concerns today is climate change, its influence on the future changes in variables of 
interest, and as a consequence impacts on human society. Given that climate is definitely changing through the 
centuries, there is rationale for assessment of the climate change phenomena through the history of the Earth 
and its causes. Widespread opinion in scientific literature on climate change indicates anthropogenic influence 
as a main trigger due to increase in greenhouse gasses concentrations (GHGC) that have influence on climate 
and hydrologic variables. On the contrary, opinion that climate change is exclusively natural phenomena exists 
within a part of the scientific community. During last decades the tremendous number of studies evaluates 
and asses climate change phenomena by application of many different methodologies and approaches that 
would reduce uncertainties and provide basis for the human society adoption. To provide synopsis on climate 
change presumptions, especially in water resources management, this paper presents an historical overview 
and recent developments on this topic, with no intention to favor particular methodology or theory. The paper 
demonstrates that different level of uncertainty is associated with methodologies and approaches commonly 
applied in climate change studies due to different drivers that influence changes and their interconnection. 
Key words: climate change, 

Background

Naturally occurring greenhouse gases such as nitrous oxides, water vapor, carbon dioxide, ozone and methane 
have a critical function for Earth’s temperature - controlling system. The role they provide is responsible 
for maintaining the temperature of the Earth as 20˚C to 30˚C warmer than it would be without this natural 
greenhouse blanket. 

Figure 1: Schematic view of the components of the global climate system (bold), their processes and 
interactions (thin arrows) and some aspects that may change (bold arrows). Source: IPCC, 2001.
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Prevailing opinion among scientific community worldwide is that anthropogenic activities influence the 
concentrations of greenhouse gases within the atmosphere, and consequently are the main reason for the 
recent climate change. One of the most reliable sources of information on climate change and its causes, 
the Intergovernmental Panel on Climate Change (IPCC), endorse in their reports that the observed increase 
in anthropogenic contributions in greenhouse gas concentrations has witnessed increased temperatures since 
the mid 20th century. Based on current bodies of knowledge, it is likely that the origins of these changes are 
anthropogenic more than natural during the last century (IPPC, 2007).

Figure 2: Comparison of observed continental- and global-scale changes in surface temperature with results 
simulated by climate models using either natural or both natural and anthropogenic forcing.  Source: IPCC 

2013 

Schematic in Figure 2 presents decadal observation averages for the period 1906-2005 (black line) plotted 
against the centre of the decade and relative to the corresponding average for the period 1901-1950. In case 
where the spatial coverage is where spatial coverage is less than 50% lines are dashed. Simulation results that 
use only natural forcing that results from solar activity and volcanoes are presented by blue shaded bands 
that show the 5 to 95% range for 19 simulations from five climate models .Modeling findings based on for 58 
simulations from 14 climate models using both natural and anthropogenic forcing are displayed as red shaded 
bands that manifest the 5 to 95% range. 
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As a result of changes in GHGC  and temperatures, the climate and water- related variables may be driven by 
influences of them. Increase in global temperature is affecting the hydrological cycle (Houghton et al., 1996) 
and influencing water resources (Brent and Yu, 1999). Consequently, the hydrologic cycle is likely to intensify 
due to increases in greenhouse gases concentration in the atmosphere and temperature. Furthermore, changes 
in hydrological regime that do occur as a result of changes in both precipitation and evapotranspiraton are not 
expected to be equally distributed during the year (Burn et al., 2002).

During the past few decades, increases in the concentrations of the greenhouse gases accompanied with increases 
in global temperature have arisen as a major scientific issue worldwide. The IPCC First Assessment Report 
was published in 1990 but the potential sensitivity of Earth’s climate to the concentrations of greenhouse gases 
had been evaluated more than a century ago by different scientists (e.g., Mariotte, 1681; Benedict de Saussure, 
1760; Fourier, 1824; Tyndal, 1861). In 1895, Arrhenius described what is now known as the greenhouse effect 
in which a 40% increase or decrease in the C02 might provoke the glacial advances and retreats (Fleming, 
1998). One century later, it would be confirmed that the initial studies predicted climate change phenomenon 
very well (IPCC, 2007).

Diverse tools and methodologies are applied in climate change studies with main goal to minimize uncertainties 
related to climate change at the global, regional, and local level. Namely, General Circulation Models 
(GCMs) and Regional Circulation Models (RCMs), and various statistical analyses (e.g. Gamma distribution, 
Generalized Extreme Value I distribution, various methodologies for trend detection, etc). Many of studies 
combine findings on climate change evaluation with information on population growth, land use practices, 
GDP, etc, to provide comprehensive judgment of interest for decision makers, stakeholders and policy makers.

Approaches and methodologies 

Climate change refers to a statistically significant variation in either the mean state of the climate or in its 
variability, persisting for an extended period (typically one decade or longer), and it may be due to natural 
processes, or to continuous anthropogenic change in land use, or in the composition of atmosphere (IPCC, 
2001). All procedures applied in climate change studies employ information and data from following categories: 
paleoclimate data, Milankovitch Theory, observed data (continuous time series and satellite images) and 
climate models. The subsequent encompasses the brief overview of categories and their specificities with 
respect to climate change studies.  

The study of past climates Paleoclimatology is multidisciplinary field that combines history, anthropology, 
archaeology, chemistry, physics, geology, atmospheric, and ocean sciences. Indications about past climate 
conditions are obtained from proxy indicators (a proxy is a “substitute”), which are indirect forms of evidence 
that can be used to infer climate. Paleoclimate implications for Human-Made Climate Change comprehensive 
study (Hansen and Sato, 2012) emphasized use of paleoclimate information in assessment of the dangerous 
level of human interference with the atmosphere and climate, with focus on long-term Cenozoic Era (65.5 
million years ago to present) climate trends since significant  diverse climate conditions are incorporated in 
this geological era. Hence, relevant information from this historical period of the Earth is fairly solid base for 
the assessment of the natural climate change and study of GHGC. Figure 2a exhibits evaluation of the deep 
ocean temperatures and summarizes observations and quantitative information   for Cenozoic Era, Pliocene/
Pleistocene and last half million years, in a given order. Carbon dioxide (CO2) concentration changes happens 
over million of years as a result of alter in volcanic activities, weathering sink and volume of carbon buried in 
organic matter. 

One of the most significant theories that verify correlation between Earth motions and long-term climate change 
is established by Milutin Milankovitch who developed a mathematical theory of climate based on the seasonal 
and latitudinal variations of solar radiation received by the Earth. Now known as the Milankovitch  Theory, it 
states that as the Earth travels through space around the sun, cyclical variations in three elements of Earth-sun 
geometry combine to produce variations in the amount of solar energy that reaches Earth, namely, variations 
in the Earth’s orbital eccentricity (the shape of the orbit around the sun), changes in obliquity (changes in the 
angle that Earth’s axis makes with the plane of Earth’s orbit) and precession (the change in the direction of the 
Earth’s axis of rotation). Together, the periods of these orbital motions have become known as Milankovitch 
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cycles (Figure 2b). Although of the great significance for the science, this theory should not be used as an 
isolated reference in present climate change studies.  

Figure 2: Paleoclimate data on deep ocean temperatures changes (2a) and schematic of Milankovitch
 cycles (2b) 

The first measured data sets refer mainly to temperature and precipitation and at some localities in Europe 
observation periods are longer than two century like in Prague (Czech Republic) with data sets for temperature 
and precipitation records from 1775 and 1804, respectively. At many localities the data sets with more than 60 
years exist for temperate and precipitation across the Globe. Besides the difference with respect to length in 
time series, the gauging stations densities vary from region to region. Additionally at some locations data are 
observed on daily basis and at some countries data are observed on sub-daily basis (e.g., short –term heavy 
rainfall). Finally, quality control in data series might be neglected. 

However, despite some issues with observed data, the incipient studies on climate change are based on these 
data. The majority of studies that evaluate changes in observed data include application of selected statistical 
distribution (e.g., Normal, Gumbel, Poisson, Log-Pearson III, etc) to fit raw data. These analyses include 
trend assessment (regression analyses, Mann –Kendall test, etc) to study magnitude of changes in variable 
of particular interest. In addition to statistical analyses hydrological parameters assessments might include 
water balance estimations (hydrologic modeling) and its calibration for the particular river basin. The number 
of studies that address changes in hydrological variables and their triggers ((JČI, 2012) suggest that water 
use quantities and practices (Fujihara et al., 2008) and land use practices (Juckem et al. 2008) have influence 
hydrological variables significantly, even more than climate change. 

The change in magnitude of precipitation is of great interest among the scientific community since it is important 
input in water management policies and infrastructure development. Diverse methodologies are applied in the 
assessment and modeling (trend analyses, climate models). With respect to spatial scale, projections of the 
future precipitation magnitude refer to local, regional, continental and global scale.  According to the available 
literature precipitation amount, magnitude, and temporal distribution are changing. Observed and detected 
changes and associated influence on hydrological cycle affect water management and human society in many 
ways.   

It is noteworthy to mention that understanding of data sets, methodology applied, and associated constrains are 
prerequisite for the reasonable findings
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Figure 4: Observed precipitation data annual trends evaluation in Serbia by Smailagic (left Figure) and 
Dimkic (right Figure) Source: Smailagic (2009) and Dimkic et al. (2012).

Despite that results depicted in Figure 4 origin from different methodologies applied for trend assessment in 
individual studes they exhibit similarities with respect to trends in observed precipitation data across the Serbia. 
Furthermore, the findings from majority of GCM and RCM demonstrate decrease in average precipitation in 
Serbia, with more significant trend in eastern part of the country. According to results of trend evaluation in 
average precipitation data by Dimkic et al.(2012) the lowest  negative trend is from -5% to  0% /100 yr in 
Central Serbia with gradual trend decrease in average precipitation in Eastern Serbia. These trend projections 
agree very well with observed data. 

At the global level, either if the spatial scale refers to continent or particular region, e.g., South Eastern Europe, 
The Nile River Basin, The Great Lakes, there is no uniform pattern that can be attributed to any variable of 
interest for water resources management. 

The change in temperature is assessed from different perspectives, e.g., human health, low flow conditions, 
flooding, water use, extreme events, ice caps melting, etc. Figure 5 presents summary of the Greenland and 
Antarctic ice mass and Greenland melt area (The Copenhagen Diagnosis, 2009). Passive microwave satellite 
data assessment demonstrated that Greenland ice sheet total melt area increased by 30% between 1979 and 
2008, According to authors, 33-55% of the total mass loss from the Greenland ice sheet is caused by surface 
melt and runoff.  The most extreme melt happened in 2007 with area experiencing melt of around 50% of 
the total ice sheet surface. Steffen et al. (2008) concluded that the low melt year, i.e.,  in 1992 result from the 
volcanic aerosols from Mountain Pinatubo that created a short-lived global cooling. 

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 5: Changes in Ice Mass (Figure 5a) and total melt area over time. Source:
 The Copenhagen Diagnosis, 2009

Observations in a form of satellite images are one of the data sources used in climate change studies. Although 
they can’t be used in trend analyses the comparison of images from different observation periods are useful in 
evaluation. Since the climate change influence water resources should include diverse information in addition 
to and hydrological variables and parameters e.g., population growth, change in land use practices, economical 
conditions, etc, satellite images can provide additional data that contributes to evaluation. In Figure 7 presents 
Elephant Butle Reservoir (New Mexico largest reservoir fed by Rio Grande) lake area shrinkage over years. 
The right hand- image of shows about 3% full lake, while left-hand image displays lake full by approximately 
89 %. According to the NASA (October 2013). According to NASA the spring runoff was bellow average 
accompanied with anemic rains that generate exceptional drought with lake lowest level in 41 years.
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Figure 7: Comparison of Satellite images in New Mexico for June 2, 1994 (left-hand) and July 8, 2013 (right- 
hand). Images taken by Operational Land Imager onboard Landsat 8. Source: NASA Earth Observation 

The first generation of global climate models was developed in 1960, as a coupled system of atmosphere and 
ocean general circulation models (AOGCM) with basic idea to provide estimation of possible changes in 
global climate system forced by prescribed possible future CO2 concentration. The scenarios considered only 
specific increase (two or four times) in CO2 concentrations. One of the first climate change studies (Charney 
et al.,1979) used outputs from these earliest models. Since then, complexity and numerical techniques in these 
models are improved significantly, with continuous increase in models capability to mimic complex climate 
system more accurately. Significant improvement in data resolution is accomplished by downscaling methods 
development, namely, dynamical and statistical, with main purpose to enable possible climate change impact 
assessments on small scales for different sectors (e.g., water resources, agriculture, forestry etc). Dynamical 
downscaling assumes introduction of regional climate model (RCM) defined over area of interest with higher 
resolution in comparison to global models, but forced on lateral boundaries by results from global model 
integration. Statistical downscaling assumes development of statistical relations between large scales climate 
characteristics, e.g. 850mb temperature, and local variables like a near surface air temperature, on the particular 
locality. These relations are based on the long observed time series of large scale and local variable and applied 
to the global models results, to predict future local climate conditions. 

Main disadvantages of statistical downscaling are assumption that relations between large and small-scale 
variables will remain unchanged in the future and establishment of the relation among the variables of interest 
is not possible at the locality  that are not covered with observation network. For the dynamical downscaling 
the main weakness are long computational time and demand for high technical resources. Despite this, regional 
climate modeling and application of regional climate models for different impact studies become very popular 
since early 1990s (Dickinson et al., 1989; Giorgi and Bates 1989). Widespread acceptance of this approach is 
followed by constant improvements of regional models, in a way similar to global models improvement.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 8: Schematic of climate models development from the mid-1970’s to the present date.  
Source: IPCC, 2001

The measured time series are used in the evaluation of empirical data for different meteorological and 
hydrologic variables (Karl et al., 1995; Groisman et al., 1999; Brunetti et al., 2000; Dimkic et al., 2012, 
Vasiljevic et al., 2012), while the climate models are mainly used in prediction of future climate scenarios 
based on meteorological data archives 

Climate change studies confidence and uncertainties

During the last decades tremendous effort is maid by scientific community in the field of climate change 
studies to generate relevant data and information that would increase adoption capacities worldwide. However, 
the dealing with uncertainties is still one of the biggest concerns for the future projections and effects on the 
human society and natural resources. Some of the main issues and concerns with respect to uncertainties are 
displayed in this section.   
   
Hydrologic variables are assumed to come from continuous random processes and hence theoretically, almost 
all existing continuous frequency distributions may be applied in frequency analyses to fit historical time series. 
However, based on experience, only a limited number of probability distributions are applied successfully to 
empirical data, i.e. Gaussian (normal), lognormal, Gamma ( with two parameters, and Pearson III type), and 
simple and double exponential distribution (Yevjevich, 1971).

Detection of trends in hydrometeorological variables is very important in climate change studies. Although 
various authors had used data with different record length, sometimes it is very difficult to detect significant 
trends in either longer or shorter time series. 

Regardless the objectives, measured data of good quality and fairly long period of observation are prerequisite 
for climate change studies. The majority of water resources infrastructure development is associated with 
frequencies, the shorter time series of measured data result in lower confidence for les frequent events. 
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Statistical confidence limits characterize an interval that there is a specified degree of probability (1- α) that 
the variable such as rainfall, flood, etc, will be subsumed into the confidence intervals (McBean and Rovers, 
1998). The joint confidence intervals graphical method described by Yevjevich (1972) for mean and standard 
deviation in rainfall time series is exhibited in Figure 10. 

Figure 10: Separation of 80% confidence intervals for the data from 1970 to 2003, for Waterloo, Ontario for 
1-hr duration storm. Source: Vasiljevic et al.2012.

Despite significant climate models improvements horizontal resolution is still too low to depict accurately 
regional and sub-regional climate characteristics, e.g., a few models, have horizontal resolution close to 
100 km, but majority still have approximately 200 km resolution. As a result,  many local climate features 
influenced by small-scale processes and determined by local characteristics ( complex topography, proximity 
to the sea, local vegetation and soil characteristics and distribution) are  not be well characterized by global 
climate models. 

In addition to estimate future climate condition one of the main tasks in area of climate modeling is assessment 
of uncertainty in the projections of the future climate. On the first place uncertainty of future climate can 
be assessed by definition of different climate scenarios Last set of scenarios, so-called Representative 
Concentration Pathways (RCP) was developed for the 5th IPCC report (Moss et al., 2008.). Four representative 
scenarios define plausible future concentrations of greenhouse gasses following future socio-economic and 
other relevant developments. Since scenarios cover period up to 2100 and that overall future developments 
in global society are highly uncertain, four scenarios spans over range from about 450 ppm to 1200 ppm of 
CO2-eq at the end of 21st century. Running a single climate model using predefined scenarios a spread of 
different future climate condition will be assessed, giving us level of future climate uncertainty. Other sources 
of uncertainty are incorporated in model it self. Since climate system is characterized by high complexity 
it is impossible to represent all relevant processes with a highest possible accuracy, and many processes 
are parameterized following some assumptions introducing some level of model error and uncertainty in 
final results. To assess this type of uncertainty a single climate model can be run in different configuration, 
depending on an assumption in some process. This kind of integration is known as ensemble integration, 
giving us as a result an ensemble of realization of future climate. Ensemble of integrations can be also achieved 
thru the definition of the initial fields of integration, since observed values of some variables (which are used 
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for constriction of initial fields) are observed with more or less uncertainty. Finally, different models can be 
designed using substantially different numerical approaches. Collecting results of different models from each 
of which has its own collection of ensemble runs of same scenario is possible to create so-called multi model 
ensemble on selected scenario. This approach of multi model ensemble has become a common procedure in 
preparation of comprehensive climate reports using both global and regional climate models. 

Finally, important aspect of climate modeling is to understand and handle models error. As we considered 
earlier because of imperfection of climate models, due to parameterization and other numerical approximation 
of climate system, each model run over period in the past for which we have observed climate condition have 
some level of bias (error) in comparison to observations. This bias can vary from region to region or from 
season to season, but it can be precisely estimated thru the model verification using standard model verification 
scores (Krzic et al., 2011). Today there are several statistical methods in removing of climate model errors and 
one of the most popular is so-called bias correction or quantile mapping. This method proved to be especially 
successful for removing model bias from time series of daily climate variables, temperature and precipitation 
(Ruml et al., 2012; Stanojevic et al., 2013.). 

Spread in results of future climate obtained by multi model ensemble present valuable information in assessing 
uncertainty in results of selected future scenario. It is important to underline here that projections of different 
variables have different level of uncertainty. A projection of near surface air temperature with different models 
shows much smaller spread and therefore less uncertainty in comparison to precipitation projections by 
different model.

IPCC propose two approaches for the degree of certainty (IPCC 2013, Summary for Policymakers):

• Qualitative Confidence according to type, amount, quality, and consistency of evidence (e.g., mechanistic 
understanding, theory, data, models, expert judgment) and the degree of agreement. 

• Quantified measures of uncertainty in a finding expressed probabilistically (based on statistical analysis of 
observations or model results, or expert judgment). 

This newly published document (Guidance Note for Lead Authors of the IPCC Fifth Assessment Report on 
Consistent Treatment of Uncertainties, 2013) clarifies gradation of uncertainties in findings that contributes 
to scientific understanding improvement. However, if different aspects are assessed for some extremes direct 
comparison is inappropriate.

According to the guideline each key finding result from author team’s evaluation for associated evidence and 
agreement. The confidence metric provides a qualitative synthesis of an author team’s judgment about the 
validity of a finding, as determined through evaluation of evidence and agreement. If uncertainties can be 
quantified probabilistically, an author team can characterize a finding using the calibrated likelihood language 
or a more precise presentation of probability. Unless otherwise indicated, high or very high confidence is 
associated with findings for which an author team has assigned a likelihood term. Table 1 summarized terms 
used in certainty assessment. 

Table 1. Terms Indicating the assessed likelihood:

Term* Likelihood of the Outcome
Virtually certain 99–100% probability

Very likely 90–100% probability
Likely 66–100% probability

About as likely as not 33–66% probability
Unlikely 0–33% probability

Very unlikely 0–10% probability
Exceptionally unlikely 0–1% probability

*Additional terms that were used in limited circumstances in the Fourth Assessment Report (extremely likely: 
95–100% probability, more likely than not: >50–100% probability, and extremely unlikely: 0–5% probability) 
may also be used when appropriate 
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Conclusions

As detailed above, scientists worldwide have applied different approaches and methodologies to examine 
diverse meteorological and hydrological variables, to evaluate their effects on water resources, human health, 
economy, and environment and to predict future climate change scenarios that would provide governments, 
local authorities, and public with vital information for adoption on possible climate change impacts

Despite the significant improvement of climate models and observed data quality the great level of uncertainty 
associated with climate change studies exists, in particular for distant future predictions. The assessments at the 
regional level provide useful findings, however for many localities and variables the local level studies might 
be more suitable.

Longer datasets might decrease uncertainties associated with climate change studies and hence employing 
these in analyses would have great value.

Multidisciplinary approach and good understanding of methodology limitations capability to mimic the natural 
processes at the present and in the future might increase certainty of climate change studies.Relevant information 
on land use, population growth, water use requirements might reduce uncertainties. There is no uniform pattern 
of changes that is applicable within the regions, for different seasons and variables. Uncertainties of the future 
projections are still remain as the challenge.
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Introduction 

The importance of measured data and the verification of different events against series of observed values of 
temperature (T), precipitation (P) and river discharge (Q) are discussed in the paper.

Apart from global climate and climate-hydrological models, many regional models based on various scenarios 
have been developed in South East Europe (SEE), including Serbia. Numerous papers also address hydrological 
events in a river basin and many discuss model development and calibration, prediction of future climate (and 
other) developments under different scenarios, and forecasting of future hydrological occurrences by means of 
a calibrated model. This is likely the most appropriate approach to a river basin. 

However, the impact of human activity in a river basin is often very important and the data coming from 
the river basin are quite often different from those which characterize the entire region. The objective of 
this research is to present various claims associated with assessments of climate and climate-hydrological 
developments in the SEE region, including Serbia, using observed data from a large number of temperature, 
precipitation and hydrological stations.  Data are analyzed on an annual, seasonal, monthly and daily basis. The 
seasons are: winter – December, January, February (DJF); spring - March, April, May (MAM); summer – June, 
July, August (JJA); and autumn - September, October, November (SON).

Assessment of the spatial distribution of one of the three parameters (T, P, Q) required a sufficient data density, 
such that the selected period for analysis in this case was from 1949 to 2006. This period was convenient 
because it was relatively long (58 years), data were available from numerous monitoring stations, and they 
exhibited a close similarity to estimated long-term temperature and precipitation trends, and particularly river 
discharge trends in Serbia. For analysis of daily values, nearly all stations that recorded daily data over long 
periods of time (generally 1951-2010 for T and P, and 1931-2010 for Q of larger rivers) were chosen.

Some of the findings will be discussed here with reference to Serbia, including:

1. Annual temperatures are increasing.
2. Summer temperatures exhibit the greatest increase. 
3. There is a minor annual precipitation decrease in Serbia and the negative trend increases to the east.
4. Summer precipitation exhibits the greatest decrease and winter precipitation levels the greatest increase.
5. Annual river discharges in Serbia are declining and the negative trend increases to the east.
6. Extremes are escalating. 

1. Annual temperature increase 
    
All IPCC reports speak of temperature increases worldwide, of some 0.74°C over the past 100 years. The 
increase is somewhat greater on the mainland than over the oceans.  

An average annual increase in T of about 0.6°C/100yrs was derived for Serbia. The spatial distribution is 
shown in Figure 1. The greatest increase was noted in mountainous regions and in the north of the country, and 
the smallest increase in the southeast of the country.
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2. Summer temperatures exhibit the greatest increase

Virtually all global and regional models (GCM and RCM) anticipate the greatest 
increase in T over the summer. In Serbia, the greatest increase has been recorded 
in the spring (some 1.5°C/100yrs), followed by the summer (1.0°C/100yrs) and 
winter (0.5°C/100yrs), while the autumn exhibited a negative trend of about 
-0.7°C/100yrs (Dimkić, 2012; Dimkić and Milovanović, 2012). If the seasons 
were assessed by calendar month instead of groups of three months, the claim 
about the greatest T increase over the summer months would become increasingly 
questionable.     

3. Minor annual precipitation decrease in Serbia, negative trend increases 
to the east

The majority of GCMs and RCMs predict a decrease in precipitation levels in 
Serbia, with the negative trend increasing to the east. 
                          Figure 1
A minimal average decrease in P (of the order of -5% to 0% /100yrs) was derived 
for Serbia. The spatial distribution is shown in Figure 2. This finding seems to be 
totally in line with observed data.      
       
4. Summer precipitation levels exhibit the greatest decrease and winter 
precipitation levels the greatest increase

Nearly all GCMs and RCMs predict a decrease in precipitation levels in Serbia 
during the summer and an increase in the winter. Exceptions include the latest 
results of the Climate Change Center in Belgrade (Djurdjević, 2012), which 
allow for a potential increase in precipitation over the late summer in the near 
future.

An opposite trend has in fact been recorded: increase in precipitation totals in 
the late summer and early autumn, and the greatest decrease in the winter. The                     Figure 2  
spatial distribution by month is shown in Figure 3. 
          

W I N T E R S P R I N G

S U M M E R A U T U M N
Figure 3: Spatial precipitation trend distribution by month.
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5. Annual river discharges in Serbia are declining and the negative trend increases to the east

The global model of the A1B scenario (IPCC, 2007) shown in Figure 4 predicts a decrease in river discharges 
in SEE, with the negative trend increasing to the east. It is well-known that a river discharge trend is governed 
by a number of factors, the most important being:

1. The size of the river,
2. The transfer of water, if any, between catchment areas (C.A.) upstream form a given hydrological station,
3. The volume of water used by man in a given C.A.,
4. The presence or absence of river reservoir(s) in the C.A., 
5. Any land use changes in the C.A., and 
6. Climate change.

Contrary to climate parameters, it is difficult to spatially generalize here because all these factors affect 
hydrological trends. An approximate geographical distribution of the downward average annual river discharge 
trends for central and eastern Serbia is shown in Figure 5. It should be noted that within all river discharge 
trend isolines there are rivers and monitoring stations that often exhibit significant trend variations (both up and 
down), as a result of Factors 1, 3, 4 and especially 2.

Figure 4: Large-scale relative changes in annual runoff (water 
availability, %) at the end of the 21st century relative to 1980-1999. 
Values represent the median of 12 climate models using the SRES 
Scenario A1B [IPCC, 2007].

Figure 5:  Isolines of the 
downward average annual 
river discharge trend in 
Eastern Serbia

Figure 5 was compiled based on the trends recorded at 18 selected river monitoring stations across Serbia, 
where Factors 3 and 4 were assessed as having an acceptable degree of impact, and where Factor 2 was either 
absent or negligible. 

A method has been developed for predicting future hydrological developments (Dimkić and Despotović, 2012; 
Dimkić et al., 2012), which refers to rivers in Central Serbia and analyzes the average correlations between: 
average annual river discharges and average annual temperatures (relative values: average discharge = 1.0; 
average temperature = 0.0°C). The findings for Central Serbia are shown in Figure 6.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 6

Figure 6 shows that an average change of 1°C affects the average river discharges in Central Serbia by 20% 
(inversely proportional, of course), and that a change of 2°C can be expected to result in 40-50% less water in 
Serbia’s rivers on average. An extremely high coefficient of determination, R2, is apparent. 

These findings of actual and potential river discharges in Central Serbia compare very well with the diagram 
shown in Figure 4.

6. Extremes are escalating

The question first raised is what the term “extreme” encompasses: Values of a certain parameter on a monthly, 
daily or shorter time basis, or all together? Or only the intensities of certain parameters or their frequency and 
duration or all together? 

This section will first define what is being considered and against which criteria, and then the trends of such 
“extreme” events will be discussed in terms of T, P and Q, where a time scale of under one day is not taken into 
consideration. All data are daily averages (T and Q), and daily maxima (P).

River discharges (criteria):

1. Absolute annual daily minima and maxima
2. Periods longer than ______ days with an average daily discharge less (greater) than the flow whose 

frequency of occurrence is ______ for the given time series.  
The following was adopted:  
Low flows: (10, 20, 25/30 and 40/50) and (Q97%, Q95% and Q90%). 
High flows: (5, 10, 20/30 and 30/50) and (Q03%, Q05% и Q10%).

Temperature (criteria):

1. Absolute annual daily minima and maxima.
2. Periods longer than _______ days with an average daily temperature ______ °C lower (higher) than the 

average for the given time of year during the considered period.  
The following was adopted: 
Warm periods: (5, 10, 15/20 and 20/30) and (+2°C, +4°C and +6°C). 
Cold periods: (5, 10, 15/20 and 20/30) and (-2°C, -4°C and -6°C).
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Precipitation (drought criteria): 

1. Not a drop of rain for more than ______ days. Adopted: 10, 20, 30.
2. Precipitation total less than ______ mm for more than ______ days. Adopted: (2, 5, 8) and (20, 30, 40). 

Precipitation (criteria for rainy seasons):

1. Absolute annual daily maxima.
2. Precipitation total greater than _____ mm during a period of ____days. Adopted: (20, 40, 60) and (1, 2).
3. Precipitation total greater than ____mm for more than ____ days. Adopted: (100, 150, 200) and (20, 40). 

Method applied to assess extreme events on a daily basis

In the case of Criterion 1—absolute annual daily minima and maxima—the values were computed and plotted 
for all the years and the trend was determined.

In the case of the other criteria, the number of days that comply with a given parameter was determined for 
every year of the considered period, a graphic plotted for all the years, the trend identified and assessed, and 
then the stochastic component also determined and its trend identified for the given period. Five ranks were 
used to assess the trend:   

ZO  - significant downward trend (less than -50% per 100 years),
O     - downward trend (between -50% and -15% per 100 years), 
NT  - unclear trend/no trend (between -15% and 15% per 100 years),
R     - upward trend (between 15% and 50% per 100 years),
OR  - significant upward trend (greater than 50% per 100 years).

Additionally, if only a few data provided by a given station complied with a certain criterion, then such 
data were shaded (in orange for temperature and peach for precipitation—not shown here, and dark blue for 
river discharge), indicating that the trend assessment was unreliable. Such data should be taken under great 
reservation, regardless of the fact that they are often correct.

The following results were derived:

Temperature

While all stations reported a significant temperature increase (trend) for daily maxima, the daily minima 
exhibited from no distinct trend to a negative trend in the southeastern part of the country (consistent with 
annual trends); in the remainder of the country it was positive but much lower than that of the daily maxima. 
Nearly all stations recorded a downward stochastic trend, indicating relative consistency of the described 
temperature trends (Criterion 1). In the case of the other criteria (2), in accordance with the total temperature 
increase, nearly all the criteria related to the days with sub-average temperatures on a given day of the year 
recorded a downward trend, while the days with above-average temperatures for the given day of the year 
exhibited an upward trend (Table 1 – criteria for cold days, and Table 2 – criteria for warm days).

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 



200

Table 1

Criterion    → 5 days with Т< 10 days with Т< 15/20 days with Т< 20/30 days with Т<
Temperature station, period 2 ºC 4 ºC 6 ºC 2 ºC 4 ºC 6 ºC 2 ºC 4 ºC 6 ºC 2 ºC 4 ºC 6 ºC

1 Vranje, 1951-2010 ZO ZO ZO ZO O O ZO O O ZO O O
2 Niš,  1951-2010 O ZO ZO O O O ZR O O NT O O
3 Zaječar, 1951-2010 ZO ZO ZO ZO ZO O ZO ZO O ZO ZO O
4  Vel. Gradište, 1951-2010 O ZO ZO ZO O O O O O ZO O O
5 Belgrade, 1951-2010 ZO ZO O ZO O O ZO O O ZO O O
6 Sombor, 1951-2010 ZO ZO ZO ZO ZO O ZO ZO O ZO ZO O
7 S. Mitrovica, 1951-2010 ZO ZO ZO ZO ZO O ZO ZO O ZO ZO O
8 Zlatibor, 1951-2010 O ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO

Table 2

Criterion    → 5 days with Т> 10 days with Т> 15/20 days with Т> 20/30 days with Т>
Temperature station, period 6 ºC 4 ºC 2 ºC 6 ºC 4 ºC 2 ºC 6 ºC 4 ºC 2 ºC 6 ºC 4 ºC 2 ºC

1 Vranje, 1951-2010 R ZR ZR - R ZR - R ZR - R ZR
2 Niš,  1951-2010 ZR ZR ZR O ZR ZR O ZR ZR  - ZR ZR
3 Zaječar, 1951-2010 R ZR ZR - R ZR - R ZR - R ZR
4  Vel. Gradište, 1951-2010 R ZR ZR R R ZR - R ZR - R ZR
5 Belgrade, 1951-2010 ZR ZR ZR R ZR ZR R ZR ZR R ZR ZR
6 Sombor, 1951-2010 R ZR ZR R R ZR R R ZR  - R ZR
7 S. Mitrovica, 1951-2010 R ZR ZR - R ZR O R ZR  - R ZR
8 Zlatibor, 1951-2010 O O R - O R - - R - - R

Precipitation

To a large extent in line with the annual distribution of the precipitation trend, daily maxima exhibited an 
upward trend in the western and northern parts of the country (albeit with an upward stochastic trend, suggesting 
increasing unpredictability), while there was a downward trend of daily maxima in the southeastern part of the 
country, in parallel with a declining stochastic component (Criterion 1). The other criteria (2 and 3) reflected 
largely varying research results; investigations need to be conducted using additional stations to come up with 
a relatively reliable comment.

River discharge

Daily maxima exhibited distinct downward trends for nearly all rivers (except the Danube and the Tisa that 
had a slight upward trend), along with a variable stochastic trend, while the daily minima showed a changeable 
trend whose stochastic component was also unclear (Criterion 1). With regard to the other criteria (2), large 
rivers generally recorded a downward trend against all criteria (excluding the Tisa for the high flow criterion), 
while small rivers exhibited varying results that suggest the need for a detailed study of each catchment area 
(Table 3 – criteria for high flows, and Table 4 – criteria for low flows). 

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Table 3

Criterion    → 5 days with Q> 10 days with Q> 20/30 days with Q> 30/50 days with Q>
Hydrological station, period 10 % 5 % 3 % 10 % 5 % 3 % 10 % 5 % 3 % 10 % 5 % 3 %

1 Danube-Bezdan, 1931-2008 ZO ZO ZO ZO ZO ZO ZO ZO O ZO ZO O
2 Sava-S. Mitrovica, 1931-2008 ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO
3 Tisa-Senta, 1931-2010 R NT R NT NT R NT NT ZR NT O ZR
4 Drina-Bajina Bašta, 1931-2011 ZO ZO ZO ZO O O ZO O  - ZO O  -
5 Vel.Morava-Ljub.Most,1931-2010 ZO ZO ZO ZO ZO R ZO ZO NT ZO O R
6 J.Morava-Grdelica,1965-2009 O O ZO ZR ZR O ZR ZR O ZR ZR  -
7 Studenica-Ušće, 1954-2010 ZO O ZR O ZR R O ZR R ZO ZR R
8 Jadar-Lešnica, 1960-2011 ZO ZO O ZO O R ZO O  - R O  -

Table 4

Criterion    → 5 days with Q< 10 days with Q< 15/20 days with Q< 20/30 days with Q<
Hydrological station, period 97 % 95 % 90 % 97 % 95 % 90 % 97 % 95 % 90 % 97 % 95 % 90 %

1 Danube-Bezdan, 1931-2008 ZO ZO ZO ZO ZO ZO O ZO ZO O ZO ZO
2 Sava-S. Mitrovica, 1931-2008 ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO
3 Tisa-Senta, 1931-2010 ZO ZO ZO ZO ZO ZO ZO ZO ZO O ZO ZO
4 Drina-Bajina Bašta, 1931-2011 R R ZO O O ZO NT ZR NT R R NT
5 Vel.Morava-Ljub.Most,1931-2010 ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO ZO
6 J.Morava-Grdelica,1965-2009 ZO ZO ZR O O ZR O NT ZR R ZO R
7 Studenica-Ušće, 1954-2010 O ZO ZO O O ZO R ZO NT O O NT
8 Jadar-Lešnica, 1960-2011 ZR ZR R O ZR ZO NT ZR O ZR ZR ZO

There is an apparent decrease in extremes (for both low and high flows) against Criterion 2 for the Danube and 
Sava rivers, as well as most other rivers, particularly large rivers. 

Discussion

Some claims in Serbia seem to virtually mirror registered data (3 and to a large extent 1 and 5), some come 
rather close (2), while others do not match or are debatable or highly debatable (4 and 6).

It would be very useful to apply the same method to produce the maps from Sections 1, 2, 3 and 4 for the 
SEE region. This would improve the reliability of the isolines of recorded values in border regions. Due care 
needs to be taken, however, to ensure that the data and time period selected for analysis are representative. The 
number of stations is also an important factor for reducing the stochastic component, which is always present 
when the number of analyzed stations is small.

It follows from the above that all the measured data and an integrated analysis of such data are extremely 
important.

Future prediction, reliability and probability

In general, if predictions were divided into those pertaining to the near future (up to about 30 years), the 
distant future (some 100 years) and the very distant future (one century or longer), there are three approaches 
to predicting future climate-hydrological developments: 
 
1. Analysis of events from the very distant past (paleoclimate and other events measured in thousands of 

years) can provide a potential range of changes that apply to the very distant future; however, it is difficult 
to use this approach to predict developments over the next 100 years.

2. Analysis of developments recorded in the relatively near past (100-200 years) and direct projections onto 
the future; this approach can be followed to predict possible developments in the near future and in cases of 
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certain parameters and averages it is perhaps the most reliable approach. However, due to global changes 
it can hardly be used to predict developments in the distant future and particularly the very distant future.

3. Use of climate and climate-hydrological models, based on different global climate and social developments 
and scenarios; future climate or availability of water resources is predicted depending on the selected set 
of circumstances. This approach “covers” all time periods, is the most widely recognized and probably the 
only acceptable approach for medium-term (100 year) forecasts. 

Uncertainty is inherent in any prediction and as the distance in the future increases, so does the degree of 
uncertainty (i.e. the range of possible developments expands while the probability of occurrence of each one 
of them decreases). However, it should be noted that, in general, predictions for the near future under different 
scenarios and through interpolation of observed data do not differ to a large extent. On that scale the reliability 
of such predictions is high.

Conclusion

The following is emphasized in closing:

• Observed data are extremely important, as is continued systematic monitoring in the future.
• Regional integration is extremely important (SEE or the Danube River Basin in the case of Serbia), as is 

the use of the same approach to produce various maps.
• Exchange of knowledge, experience and ideas between countries and regions that share the same problem 

is important (e.g. regions that record upward or downward precipitation trends, or sub-arid regions, etc.).
• It is extremely important to apply various methods to assess past and predict future climate and hydrological 

developments.
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Abstract

Climate change has been exploited as a reason for numerous changes that are occurring in nature. The changes 
in runoff regimes undoubtedly depend on the changes in rainfall and climate regimes, but they are not the sole 
influence on the runoff regime change. More often than not, they have less influence than the human factor – 
the use and management of water resources, as well as subsequent changes in land cover.

Terrain, soil, land use, erosion and other processes all have significant influences on the water regime change. 
The terrain and soil characteristics are practically constant in time, while land use is a dynamic category which 
is managed in order to achieve significant modifications in river basins and consequently changes in runoff 
regimes. When land management is carefully planned, these changes can be balanced in such a way as not to 
cause major changes in the runoff regime.

This paper presents the observed relation between extensive erosion control works in Serbia in the past 60 
years (which have been built to reduce the intensity of erosion and runoff) and rainfall. The restoration of 
forests is an important part of erosion control works, mostly undertaken in eastern and southeastern regions 
of Serbia. It is in these regions that runoff regime changes have been observed that can be associated with the 
impact of forests. Although the topic is familiar, very little numerical methods exist, which is why the authors 
have attempted to quantify the effect of forests on the water regime.

Keywords: climate change, runoff, erosion, torrents, torrent control and erosion control works 

Description and layout of constructed erosion control measures in the past 60 years

Over the course of its history, Serbia has experienced the complete denudation of forests in the central and 
eastern part of the country several times, mainly due to wars that spanned multiple centuries. Every denudation 
of forests, coupled with particular vulnerability of Serbian soils to erosion, led to extensive erosion processes. 
(Gavrilović Z., Stefanović M., Milovanović I., Milojević M 2009.)

During the first half of the 20th century, erosion processes had reached extreme proportions in a large percentage 
of the area of Serbia. Denuded forests, destroyed pastures and fields caused runoff regime changes and a 
frequent occurrence of torrents and related damages.

It is for this reason that the Kingdom of Yugoslavia passed the first law of its kind in the world, which unified 
the problems of torrent and erosion control. The results were excellent and this principle has remained in 
legislation and accompanying regulations in the field of torrent and erosion control. Most of the torrent and 
erosion control works were carried out during the second half of the 20th century, when numerous methods 
were developed for the management of highlands. As an example, the comparation of the same area from 1950 
and 2007 is shown in Figure 1.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 1: View of Kunovo village near Vladičin Han from 1950 (left) and 2007 (right)

The success of applied works is obvious. Short-term observations of runoff from the basins protected by erosion 
control works have shown that the runoff regime has been significantly changed. Previously, runoff was quick 
and intense after rainfall due to bare ground, while observations showed that after the implemented measures 
runoff was more consistent. Another benefit was that long-forgotten springs were revived. (Z. Gavrilović, M. 
Stefanović, M. Milojević, J. Čotrić, I. Milovanović 2007.)

Along with the large amount of implemented works, numerous non-structural erosion control measures were 
undertaken. Figure 2 shows the clearly visible trends of increased implementation of erosion control measur

Figure 2: Graphical representation of the trend of implementation of erosion control works in Serbia

Most changes were conducted in forested areas where large areas have been afforested. Figure 4 shows the 
coverage of erosion control works in Serbia. At first glance, it can be seen that most changes have been 
achieved in the eastern and southeastern regions of Serbia.
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Figure 3: Coverage of erosion control works in Serbia

The implemented works and measures drastically lowered the intensity of erosion processes, which created 
the belief that the risk of erosion is over. For this reason, the term „erosion area“ was coined to define the 
natural susceptibility of soil to erosion that cannot be modified with erosion control measures. Any transgress 
of these natural characteristics intensified the erosion processes that took so long to mitigate. (Stefanović M., 
Gavrilović Z., Milojević M., Milovanović I. 2011.)

Erosion areas are identified and displayed on maps. Detailed views are presented on maps of scale 1:25,000 
while overview maps of smaller scale show the percentage of erosion processes (shown in Figure 4).
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Figure 4: Proportion and distribution of erosion areas in Serbia

The problem occurring in areas with erosion is not the current erosion intensity, which is the result of applied 
erosion control measures, but respecting the restrictions set by land management in erosion areas. A significant 
part of erosion control measures is comprised of afforesting erosion areas by applying a set of technical and 
biotechnical measures. Today, the once barren ravines and slopes have been replaced by high quality forests. 
Unfortunately, the newly grown dense forests have created the illusion that the risk of erosion and torrents has 
disappeared, leading to construction and development in the erosion areas without much attention being paid 
to this phenomenon.
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Figure 5: Gully on the ski slope near Babin Zub, July 2007

Figure 6: The same gully as Figure 5 after a strong torrential rain, August 2007

As an illustration, the case of the development of the ski center on Stara Planina (headwaters of the Trgoviški 
Timok River) is presented. This erosion area is covered by weathered red sandstones. The forest has been 
completely cut down on the ski slope and ski lift areas, without any erosion control measures. After the first 
snowmelt and subsequent heavy rainfall event, the thin layer of soil was washed away and the weathered 
sandstone was exposed. Figures 5 and 6 show the exact same site in July and August of 2007. Only one 
torrential rain was enough to deepen the existing gullies by almost two meters.
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The cost of repairs at the damaged ski slope and application of appropriate antierosion measures was several 
times greater than the cost of the timely implementation of erosion control measures. A similar situation has 
occurred on the roads leading to the ski center; the recovery works are still ongoing.

It goes without saying that similar runoff regime changes occur elsewhere with similar changes in forest cover. 
Fortunately there are only a few cases such as this one in Serbia, mostly restricted to small areas, but all had the 
same result of increased flooding on smaller rivers and streams. (Gavrilović Z., Stefanović M., Milovanović 
I., Milojević M., Jurišić S. 2010.)

Observed changes in rainfall and runoff patterns

Selected period for analysis of precipitation and runoff changes in Serbia is from 1949 to 2006. This period is 
convenient because it is relatively long (58 years), data are available from numerous monitoring stations, and 
they exhibit a close similarity to estimated long-term precipitation and particularly runoff trends in Serbia. 

To assess past precipitation trends, 34 precipitation stations were selected (JCI, 2012 ; Dimkić et al., 2012). 
The annual average precipitation trend in Serbia was found to be slightly negative and the spatial distribution 
is shown in Figure 7.

Figure 7: Recorded annual precipitation trends and runoff trends in Serbia (1949-2006).

Serbia, especially its eastern part, experiences a downward river discharge trend (expressed as a percentage of 
the discharge per 100 years). Although human water use has risen in eastern and southern parts of Serbia, the 
extent is less than in western and especially central parts of Serbia, which is the reason for the downward runoff 
trend only for this part of Serbia. However, contrary to climate parameters, it is difficult to spatially generalize 
because several factors affect these trends. The most important factors are:

1. The size of the river,
2. The transfer of water, if any, between catchments upstream form a given hydrological station,
3. The volume and the way of water used by man in a given C.A.,
4. Land use changes, and 
5. Climate change (including differences associated with geographic locations within Serbia).

An approximate geographical distribution of the downward average annual river discharge trends for central 
and eastern Serbia is shown in Figure 7. It should be noted that within all river discharge trend isolines there 
are rivers and monitoring stations which often exhibit significant trend variations (both up and down), as a 
result of Factors 1, 3, 4 and especially 2. Figure 7 was compiled based on the trends recorded at 18 selected 
river monitoring stations across Serbia (8 in eastern and south Serbia), where Factors 3 and 4 were assessed as 
having an acceptable degree of impact, and where Factor 2 was either absent or negligible. 
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Quantitative indicators

The large extent of afforestation that was carried out in a short time period allows for a somewhat more precise 
estimation of the effect of forests on runoff regimes

Table 1 shows the trend on 8 rivers in eastern and southern Serbia for the period 1949-2006, in areas where, 
in addition to the observed decrease of precipitation (Figure 7), most afforestation works in Serbia have been 
carried out (Figure 3). The table shows the actual trends on the yearly, minimum and maximum monthly level.

Table 1

No. River - gauging station

Mean yearly 
discharge  

(m3/s)

Trends (%/100 year), period 1949-2006

Тaver.
years Тmin.

months Тmax.
months

1 Timok River – Tamnič 27.3 -69 -5 -94
2 Beli Timok River – Knjaževac 8.0 -58 -46 -49
3 Južna Morava River – Aleksinac 88.2 -52 0 -56
4 Nišava River – Niš 29.0 -64 -48 -84
5 Pek River – Kusići 8.9 -44 11 -46
6 Veternica River – Leskovac 4.1 -56 123 -75
7 Toplica River – Donja Selova 3.5 -23 -22 -14
8 Crnica River – Paraćin 3.4 -16 -30 -31
Average trends -48 -2 -56

The past 60 years have been characterized by changes in runoff regimes on the analyzed rivers. It should be 
noted that the obtained trends are higher than the average annual trends obtained for Serbia, about -30% per 
100 years (JCI, 2012 ; Dimkić et al., 2012). The reduction of river discharge must be explained by factors such 
as climate change, changes in the management of human water use and changes in the forest cover. The real 
issue is: which of these is dominant? Researchers worldwide have shown that Land use change is most often 
the dominant factor in runoff regime changes (Juckem et al., 2008). Given the climate predictions on significant 
temperature rise in this century, any future management plans must take into account that a temperature rise of 
1°C may lead to a decrease in annual river flow by 25% (Dimkić and Despotović, 2012).

At the upstream areas, climate change and forest cover are dominant factors for the reduction in mean annual 
runoff, while downstream areas are affected more by human water use activities. In the eastern and southeastern 
parts of Serbia, it is certain that the reduction of precipitation as well as the needs of the forest cover for water, 
are more dominant factors that human water use.

Table 1 shows that the decrease in low flows is much less significant compared to the decrease in average flows 
and flood flows. The increase and more balanced low flows are a direct result of the retention of water in forests 
and artificial reservoirs in the basin.

The decrease in flood discharge is somewhat larger than the decrease of mean annual discharge, which is 
mainly due to the forest cover.

Conclusion

Natural forests have long ceased to exist in Europe due to systematical management over the centuries. Planned 
forestry seeks to preserve forests and achieve revenue by logging, which is limited by the characteristics of 
tree species, soil, terrain and climate. Therefore, it is difficult to see runoff regime changes that are caused by 
the forest cover.

The runoff regime depends on many variable and constant factors. Anthopogenic influence is often marginalized 
and insufficiently documented, especially concerning forests. The focus is mainly on the changes caused by 
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unplanned and uncontrolled denudation of forests in large areas, which causes the occurrence of erosion and 
torrents, with major economical damages.

A reverse process occurred in Serbia when a large portion of denuded areas of the country were restored with 
forests. This change was carried out during a relatively short period, which made it possible to observe runoff 
regime changes which cannot be liked to global and climate change, but solely to the effect of forests.

The effect of forests on the runoff regime should be studied further, because they cover significant portions of 
the European continent, and even minor changes in the management of this important resource can increase or 
decrease the available usable water that are exploited directly or from underground sources.
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Introduction

Effects of global warming on human life are of most important issues. Climate change by increasing of mean 
temperature can affect the climatic or thermal comfort index causing decrease in quality of human life and 
increasing in climatic-related illness such as Malaria. There is no absolute standard of thermal comfort, humans 
can and do live in a range of climates from the tropics to high latitudes. An internationally-accepted definition 
of thermal comfort is ‘that condition of mind which expresses satisfaction with the thermal environment’. 
Composite climate index can well determine thresholds of human climatic comfort index (Vanekova et al., 
2011). Computed bioclimatic human comfort index over Gilan mountainous area of Iran using geostatistics 
method during 1971-1991, shows that the best comfort index in this area occurs in March (Ramazani, 2010). 
Climatic human comfort index over Tehran area determined by Ahmadi (2010) using eight weather stations 
during a 23 year period. 

In this paper, climatic human comfort index over Khorasan Razavi province under global warming phenomenon 
is modeled using Beiker comfort index.

Data and Methodology

Observed data of temperature and wind velocity over 10 weather stations of Khorasan Razavi province 
including Mashad, Sabzevar, Torbat-heydarieh, Sarakhs, Ghuchan, Neyshabur, Kashmar, Gonabad, Golmakan 
and Torbat-jam are used to compute the climatic comfort index in the observation period using Beiker index 
as bellow:

                                                        
0.672(0, 26 0,34 )(36,5 )CP V t= + −

Where CP, V and t are Beiker comfort index, wind velocity and temperature at 2 meter height. In the same 
period General Circulation Models (GCMs) outputs are used to compute the modeled CP index in observation 
period. Then we calibrated CP indices retrieved from GCMs using Multiple Linear Regression (MLR) method 
over each sites. The MLR equations are applied to future GCMs outputs of temperature and velocities to 
simulate climatic human comfort index under climate change during 2011-2100.

Table 1 shows the four General Circulation Models, which are used to simulate the future human comfort index 
over Khorasan-Razavi, Iran.

Table 1. General Circulation models which are used in this study
GCM name Abbreviation Country Resolution

Geophysical Fluid Dynamics Laboratory GFDL USA 2×2.5
Institute Pierre Simon Laplace IPSL France 2.5×3.75

Model for Interdisciplinary Research on Climate MIROC Japan 1.9×1.9
National Center for Atmospheric Research NCAR USA 2.5×3.75
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Discussion and Results

Figure 1 shows the future time series of the climatic comfort index from 2010s to 2090s. Decreasing of CP is 
showing the poor conditions in human comfort index in the period of 2010-2100. 

Figure 1: Climatic comfort index over Torbat-Heydarieh site of Khorasan province. Box plot shows the 
uncertainties of simulation of the CP. Dashed horizontal bold lines represents the historical CP.

Figure 2: Climatic comfort index over Torbat-Jam site of Khorasan province. Box plot shows the 
uncertainties of simulation of the CP. Dashed horizontal bold lines represents the historical CP.

CP index in the Torbat-Jam site in the period of 2009-1994 (baseline) is 24.5, while it will be decreased down 
to 12 in 2091-2100. It means that human comfort index will be reduced about 50 percent in the end of 21st 
century.
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Introduction

In this study spatial and temporal variations in dry and wet spells in Croatia are analysed. The maximum 
length in dry and wet spells belong to the core set of indices of precipitation extremes defined by the Joint CCI/
CLIVAR/JCOMM Expert Team on Climate Change Detection and Indices (ETCCDI, Peterson et al., 2001). 
Cindrić et al. (2010) analysed spatio-temporal features of different categories of dry spells in Croatia during 
1961-2000 period. The results gave the climatology of dry spells and time trends. However, it is evident that 
the first decade of 21st century was a decade of extreme weather events in Europe, such as floods and droughts 
(WMO, 2013). The main goal of the present study is to investigate the spatial pattern of time trends in wet and 
dry spells in Croatia extending the number of stations and time period. 

Data and methods

Daily precipitation data from 137 stations evenly distributed across Croatia have been used in the present study. 
They span the time period 1961-2010 and belong to the meteorological station network of Meteorological and 
Hydrological Service of Croatia. A total number of stations are due to the recent homogenisation process that 
has been undertaken by Zahradníček et al. (2013).

Daily precipitation data have been separated into four seasons: winter (DJF), spring (MAM), summer (JJA) and 
autumn (SON). Dry/wet days were classified according to two different precipitation thresholds: 1 mm and 10 
mm. The dry and wet spells are defined as consecutive dry/wet days (CDD, CWD) having daily precipitation 
less/higher than the given threshold. Thus, the next abbreviations are used for different categories of dry and 
wet spells: CDD1, CWD1, CDD10 and CWD10. The first two are proposed by the World Meteorological 
Organisation (WMO, 2009) and the additional two indices are created in order to obtain insight into the 
duration of dry spells which are not disturbed by the low daily precipitation amounts. Spells beginning in one 
season but extending to the next one are accounted for in the season in which they started. 

Trends in seasonal and annual maximum length of dry and wet spells have been estimated by means of a 
simple linear regression model. The trends are quantified as changes per decade, expressed as percentages of 
the associated 1961-1990 means. The statistical significance of the obtained trend is estimated using the non-
parametric Mann-Kendall test (Gilbert 1987). The field significance test based on Monte Carlo simulation has 
been used to assess whether the obtained local trend pattern had occurred by chance or not (Zhang et al., 2004).

Results and discussion

The trend results for dry and wet spell are presented in Figure 1. Blue colour depicts tendencies which indicate 
wetter conditions and orange the tendencies to drier conditions (see the text below the Figures). Thus, the 
opposite colours are used for dry and wet spells.
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The most prominent feature of time trend is found for CDD1 and CDD10 during autumn (SON) when a spatially 
consistent statistically significant negative trend is found. The field significant trend affirms the significance of 
the trend in both dry indices during autumn. However, during winter (DJF), spring (MOM) and summer (JJA) 
trends in dry spells of both categories are less consistent in magnitude and direction. Increase in their lengths 
is particularly expressed in spring at northern Adriatic and highlands; while in summer this feature is extended 
to the southern Croatian coast. Seasonal trend patterns of CDD1 result with a heterogeneous distribution 
of the associated annual trend; however, annual maximum dry spell durations of CDD10 reveal apparent 
positive trend along Adriatic coast and highlands and negative trend in the continental inland. These results 
are consistent with the prevailing positive trend in autumn precipitation amounts and negative tendencies in 
summer and spring precipitation amounts found by Gajić-Čapka et al. (2013). Although in the same study the 
significant increase in annual number of dry days (with daily precipitation < 1mm) was found, it is reflected in 
dry spells duration increase only at the southern Adriatic coast. 

Regarding the wet spell trends there is not found some regular spatial feature in signs as for CDD. There is yet 
a positive trend in CWD1 found for summer and autumn in the eastern lowland, and for winter in the north 
western inland. Trends in CWD10 show positive significant changes in autumn in the continental lowland and 
in summer at the very southern coast. Significant negative trends in CWD1 are present over northern Adriatic 
coast and its mountainous hinterland in summer and autumn; and for CWD10 in summer over the western 
highlands. Generally, there is a high spatial heterogeneity found in trend signs of CWD10.

Conclusions

The sustainability of economic development and living conditions depends on our ability to manage the risks 
associated with extreme events (WMO, 2009). The obtained results in the present study perform an extension 
to the studies that deal with precipitation indices of extremes in Croatia as well as to the obtained results in 
dry and wet spells found for Europe. They should find the place in national report on climate changes with the 
purpose of building the strategies for assessing drought and flood risks. It is apparent that the spatial variability 
in dry and wet spells is very large due to the diversity of climate regions in Croatia. Positive trends in dry spells 
are not necessarily accompanied by the associated negative trend in wet spells. It implies that parallel attentive 
insight in other precipitation indices of extremes is obligatory in order to obtained appropriate conclusions on 
dryness or wetness of the region.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Figure 1: Trend results for maximum dry and wet spell durations for 1 mm and 10 mm thresholds (CDD1, 
CDD10, CWD1, CWD10), for four seasons (upper four rows) and for  whole year (bottom row). Circles denote 
positive trends, triangles the negative one, whereas filled symbols depict statistically significant trend. Blue 
colour indicates wetter conditions and orange drier (opposite for dry and wet spells). Three sizes of symbols are 
proportional to the absolute value of change per decade relative to the associated 1961-1990 mean durations: 
1-5%, 5-10% 10-30% and >30%, respectively. Squares indicate trend values from -1% to 1%.

The cases that show field significance are marked by (**).
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Introduction

The phenomenon of global warming has undeniable impact on the hydrological cycle and water resources. 
Water resource management and planning increasingly need to incorporate the effects of global climate change 
and variability in order to accurately predict future supplies (Fu et al., 2011; Fu et al., 2007). Therefore climate 
change study and detection of its impacts on hydrological cycle is of most important. General Circulation 
Models do not provide reliable information on the scales below about 200 km on which hydrological processes 
typically occur (Kundzewicz et al., 2007). In this regard, higher-resolution climate scenarios are required to 
simulate the impacts of climate change on hydrological process. Downscaling techniques have been developed 
to resolve the scale discrepancy between GCM outputs and higher-resolution required for hydrological impact 
assessment. Two main types of statistical and dynamical downscaling are developed. Statistical downscaling 
relating large-scale GCM variables to daily station-scale at observed meteorological sites is widely used for this 
kind application (Maraun et al., 2010). NCEP/NCAR reanalysis data were used for the model calibration and 
validation and stream flow prediction with the HadCAM3 GCM outputs over Victoria catchment of Australia 
(Sachindra D. A. et al., 2011). Impacts of climate change on temperature  and precipitation under A2 scenario 
and three periods (2010-2039, 2040-2069 and 2070-2099) using statistical downscaling of HadCM3 output in 
kashaf-rood basin of Iran were investigated. The results indicated that temperature has increased rather than 
1961-1990 in all periods. Predicted precipitation has not significant different but the pattern of precipitation 
will change in various seasons. The results indicated that with rising in temperature by 1,2 and 4 centigrade, 
water requirement of cropping pattern in this plain will increasing by 6,10 and 16% respectively (Alizadeh et 
al., 2010).  

Regarding to the role of water resources in agricultural and economical infrastructure development of Daregaz 
region located in the north-east of Iran, in this study the effect of climate change on hydrological variables of 
Gharaghom catchment in sub-basins of two major rivers named Darongar and Ghozghanchai has been studied. 

Data and Methodology

Two types of data are used to investigate the impact of future climate change on hydro-meteorological variables 
in Daregaz sub-basin. They are observed data from htdro-meteorological sites and GCM data in the period 
of 1961-2100. Observed discharge data of four sites in Daregaz su-basin including Golkhandan, Mohammad 
Taghi Beik, Hesar and Hatam ghaleh stations and GCMs data of GFDL, IPSL, MIROC and NCAR in the 
period of  1961-2100 were obtained from Khorasan Regional Water company and Canadian Climate Change 
Network. 

Table 1. General Circulation models which are used in this study
GCM name Abbreviation Country Resolution

Geophysical Fluid Dynamics Laboratory GFDL USA 2×2.5
Institute Pierre Simon Laplace IPSL France 2.5×3.75

Model for Interdisciplinary Research on Climate MIROC Japan 1.9×1.9
National Center for Atmospheric Research NCAR USA 2.5×3.75
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Multiple Linear Regressions (MLR) is applied to statistically downscaling of the hydro-meteorological 
variables over four sites under study, as bellow.

1

n

i i i
i

Y a X b ε
=

= + +∑
Where 

Y: dependent variable as a predictand (precipitation, . . . ),
Xi: independent variable as a predictor (GCM variables from different models)
b: intercept
ε: residual

Discussion and Results

MLR coefficients are calculated by using observed hydro-meteorological data from the period of 1961-2010 as 
calibration period, and then the method is used to statistically downscaling of four GCMs in the future periods 
of 2011-2040, 2041-2070 and 2071-2100. All of multiple regression models for each site were significant in 
95% significant level. 

Results show that precipitation in the basin will be decreased by 20.2, 23.7 and 25.9 in the period of 2011-
2040, 2041-2070 and 2071-2100. In the same periods mean amount of temperature will increase by 0.95, 2.01 
and 3.8 degree of centigrade.

Figure 1: Discharge reduction (in %) in four sites (site 1: Golkhandan, site 2: M.T. beik, site 3: Hesar and site 
3: Hatam Ghaleh) in Daregaz sub-basin during 2011-2040, 2041-2070 and 2070-2100. 

Among four stations under study, maximum discharge reduction will occur in Golkhandan station. The average 
decreases of discharge in both rivers in the periods of 2040-2011, 2070-2041 and 2100-2071 are 12, 13.9 and 
15.7 percent, respectively. Finally, we found that under climate change conditions, average of discharge in 
Golkhandan, Mohamadtaghibeik and Hatamghale will decrease to 0.48, 3.59, 1.35 and 4.77 cubic meter per 
second.
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In order to simulate the effects of climate change on hydrological processes, the calibrated hydrological models 
should be run with precipitation and temperature series input derived from climate projections. Numerous 
global climate model simulations, under the IPCC scenario A1B SRES, are available for the assessment of 
the climate change impact. Due to low spatial resolution, those projections are inadequate for catchment 
scale modeling of hydrological processes. More refined regional climate model projections are in general 
suitable for such analyses because they are able to resolve smaller-scale features which are very important on 
the catchment level. The projections for this study were obtained by an atmosphere-ocean coupled regional 
climate model RCM-SEEVCCC (Djurdjević and Rajković, 2008; Gualdi et al., 2008), run with two global 
climate models, ECHAM5 (Roeckner, 2003) and its previous version SINTEX-G (Gualdi et al., 2008), under 
the A1B IPCC/SRES scenario (Nakićenović et al., 2000). Both model setups are integrated over three 30-years 
long periods: 1961-1990, representing present climate, 2001-2030 and 2071-2100, as first and last 30 years 
of 21st century, respectively. Mean daily 2 m temperature and daily accumulated precipitation from RCM-
SEEVCCC integrations are further statistically downscaled in order to remove bias. The bias correction 
was done comparing modeled output with daily observed time series of precipitation and mean temperature 
following methods described in Ruml et al. 2012, Piani et al. 2010, Dettinger et al. 2004 and Wood et al. 2004.

The hydrological processes on Toplica river basin were simulated with conceptual IHMS/HBV model 
(Bergström, 1992), widely used in climate change studies (Bergstrom et al., 2001) apart its primary application 
for operational hydrological forecasting (Ivković et al., 2012). Beside the discharge as main model output, HBV 
estimates a range of water balance states. Calibration was done with observed daily accumulated precipitations 
and daily mean temperatures from meteorological stations Kuršumlija and Niš. Good correlation between 
observed and simulated discharges was achieved, having in mind lack of observed data at higher altitudes. 
The discharge time series were obtained by forcing the HBV model with bias corrected precipitation and 
temperatures for present and two future periods. 

The projections indicate an increase in the values of the total monthly precipitations during the first thirty 
years, and considerable decrease at the end of the 21st century, comparing to the present climate. During the 
entire future period the temperature is expected to rise. The changes in the climate data will affect the water 
balance components in the catchment, verily causing changes in water regime and have implications on water 
supply, irrigation systems, renewable energy sources, industrial production as well as whole ecosystems. 

Keywords: hydrology, climate change, catchment scale, water management

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Introduction

Water management planners are facing considerable uncertainties on future demand and availability of water. 
Climate change and its potential hydrological effects are increasingly contributing to this uncertainty. The 
increasing trend in temperature over the past decades is likely to continue during the coming century (IPCC, 
1996). With this warming, precipitation characteristics are also expected to change (Trenberth, 2003) more 
precipitation is expected to fall in the form of extreme events. This will lead to a more vigorous hydrological 
cycle, with changes in precipitation and evapotranspiration rates regionally variable. These changes will in 
turn affect water availability and runoff and thus may affect the discharge regime of rivers. The potential 
effects on discharge extremes that determine the design of water management regulations and structures are of 
particular concern, since changes in extremes may be larger than changes in average figures. For an adequate 
management of the water resources it is important to have an idea of how temperature and precipitation 
characteristics will change and how the basin will respond to that. The objective of this paper is to provide 
the answer how applied methodology and used models will define potential climate change impact on water 
regime and resources on Toplica river. 

The Toplica river is the largest left tributary of the Južna Morava river, in terms of both the river flow volume 
and the size of catchment area (2231 km2). The river originates on eastern slopes of the Kopaonik Mountain, 
just south of the mountain’s highest peak, called Pančićev vrh (Figure 1).

Figure 1: Toplica catchment

The Toplica region has a very fertile land for growing grains, fruits and grapes. Most of the catchment area 
lies below 800 masl (Figure 1) and is dominated by cultivated crops. The Toplica catchment covers the highest 
peaks of Serbia, some of them are above 2000 masl high where forest is dominant vegetation. The Toplica 
river, and all its tributaries belong to rivers with the predominantly snow generated runoff regime since the 
snowmelt portion is dominant in annual runoff volume. Data from the only two climate stations Niš (202 masl) 
and Kuršumlija (382 masl) are available and have been used for modeling. Due to lack of data till 1981, the 
climate station Kopaonik, situated in the western and more elevated part of the catchment, could not be used 
even though its data would be useful for analyzing snow accumulation in the catchment. Within the year, the 
highest runoff occurs in the period March and April. The driest months are August and October (Figure 2). 
Evapotranspiration participate with more than 70% in annual water balance. 

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Figure 2: Monthly mean discharge-Doljevac

Method

The semi-distributed conceptual HBV model was used to investigate potential changes in runoff under a 
future climate. Model uses subbasins as primary hydrological units and within these units an area/elevation 
distribution and a crude classification of land use (forest, open, lakes) is implemented. The model consists 
of three main components: the snow routine for snow accumulation and melting, routine for soil moisture 
accounting, and a response and river routing module (Bergström, 1992).

In this project a daily time step was used. Input data to the model are daily precipitation and mean daily 
temperature values, which are considered to be representative for the catchments. Due to limited data 
availability, the Toplica models have been designed as simple single basin model with outlets located at its 
hydrological station Doljevac. Input data for the area/elevation distribution are extracted from the ASTER 
Global Digital Elevation Model (http://asterweb.jpl.nasa.gov/gdem.asp), which is the property of METI and 
NASA. Land Cover data are used from the Global Land Cover 2000 Project (http://bioval.jrc.ec.europa.eu/
products/glc2000/glc2000.php). 

The projections obtained by regional climate model RCM-SEEVCCC, run with two global climate models, 
ECHAM5 and its previous version SINTEX-G under the A1B IPCC/SRES, were used as input data for HBV 
model. Both climate model setups are integrated over three 30-years long periods: 1961-1990, representing 
present climate, 2001-2030 and 2071-2100, as first and last 30 years of 21st century, respectively. Mean daily 
temperature and daily accumulated precipitation from RCM-SEEVCCC integrations are further statistically 
downscaled in order to remove bias. 

The HBV model is then run for the three time periods for which climate data are available, 1961-1990, 2001-
2030 and 2071-2100. The period 1961-1990 was hence used to represent the climate during historical periods.  
Runoff and snow storage during the control period is compared with simulation results for the two periods in 
the 21st century: 2001-2030 and 2071-2100. 
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Results and discussion

Calibration and verification of the HBV model was performed with precipitation and temperature data from 
October 1986 till October 2009, against the discharge values registered at the outlet of the catchment. Besides 
getting the best fit between observed and simulated discharge, it was important to have minimal volume bias 
for both periods. The Nash-Sutcliffe efficiency coefficient values (McCuen, R. et al., 2006) show a modest, 
but acceptable goodness of fit. Lack of the climate data at higher altitudes caused weaker snow accumulation. 
Volume bias is at a minimum for both the calibration period and the total period, showing fairly homogeneous 
conditions (Table 1).

Table 1. Calibration and validation results of the HBV model

Catchment
Calibration period (1996 – 2009) Validation period (1986-1995)

Nash-Sutcliffe
efficiency criterion volume bias (mm) Nash-Sutcliffe efficiency 

criterion volume bias (mm)

Toplica 0.71 0 0.58 145

A correction of the temperature and precipitation climate model data is imperatively necessary for water 
management model applications, since the errors in the model data directly affect the resultant runoff to a 
significant degree. The bias correction of both precipitation and temperature were undertaken using distribution-
derived transformations on a monthly basis (Piani et al., 2010). The temperature bias correction method was 
applied on a monthly basis for adjustment of daily average temperature at both climate stations. However, 
since the hydrological model we are using takes daily temperature values as input, it is most appropriate to 
correct the daily temperature values as has been done in this study. The bias correction of temperature using 
a monthly adjustment based on fitted normal distributions appears to be well suited for the RCM data, as the 
resulting residuals were negligible. Monthly precipitation bias correction leads to similar improvements in the 
RCM data. Projected changes in temperature and precipitation can be interpreted from the RCM by comparing 
bias-corrected values for three periods: 1961-1990, 2001-2030 and 2071-2100. The RCM projection indicates 
an increase in temperature in all months of the year by the end of the 21st century and changes are presented in 
Table 2 for both climate stations. For the near-future period (2001-2030), however, some months show small 
or no changes in the median value relative to the control period 1961-1990.There is significant variability in 
monthly precipitation both in the current and in the two future periods during the summer months.  These 
projections seem to indicate, however, a decrease in the median values for total monthly precipitation during 
the period October-April by the end of the 21st century. Changes during winter months are generally minimal, 
relative to the variability in individual months (Table 2).  

Table 2. Projected changes in average temperature/precipitation during the summer vs. winter , values are 
given for the change between the control period (1961-1990) and the future period (2071-2100)

Temperature
/Precipitation

1 April – 30 September 1 October – 31 March
Kuršumlija Niš Kuršumlija Niš

ech-ebupom +3.2/+8% +3.4/+12% +3.5/-3% +3.3/-1%
stx-ebupom +4.2/-4% +3.6/+3% +3.3/-1% +2.4/-4%

The HBV model is run at daily time resolution for the three time periods for which climate data are available: 
1961-1990, 2001-2030 and 2071-2100. The period 1961-1990 was hence used to represent the climate during 
historical periods. Runoff and snow storage during the control period is compared with simulation results for 
the two periods in the 21st century: 2001-2030 and 2071-2100 (Bergström et al., 2001). Discharge simulated 
with ECHAM-EBUPOM (ech-ebupom) input data for control period is showing a good fit with observed data, 
but simulations with SINTEX-EBUPOM (stx-ebupom) are having discrepancies with observations in volume 
and time of occurence. Calculated runoff for both climate model data have fairly good match with observed 
data in near future (observed data available till 2012), and we can assume that the discharge for the last thirty 
years of the 21st century is also simulated adequately. For future periods, the volume of the summer discharge 
is overestimated, conversely to winter volume (Figure 3).  
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Figure 3: Monthly mean discharge simulated with HBV with present and future climate data

Current and future water balance fluxes in the Toplica catchment are shown in Figure 4. Periods 1961-1990, 
2001-2030 and 2071-2100 are respectively presented with „C“, „P1“ and „P2“. The figures in general indicate 
decreases in runoff for future projections (see also Figure 5). The decrease of the runoff is particularly noticeable 
by the end of the century. This decrease in runoff reflects the expected decrease in precipitation. The signal of 
the evapotranspiration is somewhat less consistent. 

Figure 4: Mean annual water balance fluxes for 
both models and all periods

Figure 5: Percent of change relative to 1961-1990 
for precipitation, discharge and evapotranspiration

The results indicate a substantial decrease in average annual runoff at the end of the century, as compared 
with the 1961-1990 reference.  Model stx-ebupom projects a decrease, while ech-ebupom projects an increase 
in runoff in the near future period (Figure 5). This disagreement is caused by smaller increase in projected 
temperatures with ech-ebupom than with stx-ebupom, though both models project increase of the precipitation. 
However, taken as a whole, the results suggest that the average annual runoff will most likely decrease by 15 to 
30 percent by the end of the century (relative to the 1961-1990 control periods) in the Toplica catchments. In 
terms of changes in snow storage, both models indicate a marked reduction in storage under a future climate. 
For the month with the maximum amount of snow in the control period, future snow storage is reduced by 60 
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to 70 percent by the end of the century, compared to the control period. For the current and future period, the 
projections  indicate a decreases in runoff associated with spring runoff, partly resulting from the reduction in 
snow storage, and an increase of runoff in summer and early autumn months. Changes in patterns of seasonal 
runoff, calculated in terms of monthy mean discharge, are illustrated in Figures 6.

Figure 6: Annual discharge distribution compared to control period  

The annual maximum series from both simulations were used to estimate the 10-year, 50-year and 100-year 
floods, based on a Log-Pearson distribution type 3. For the present period ech-ebupom simulation is suggesting 
significant increase relative to the control period and discernible increase for future period. For the present time 
stx-ebupom projection is showing decrease in discharge intensity for the same return period and no change in 
future (Figure 7).

Figure 7: Return periods of the maximum annual discharge for present and future periods 

In spite of the uncertainties in climate scenarios and applied models, the results indicate that changes in the 
discharge regime of the Toplica river and its tributaries may already become apparent during the next decades. 
Spring snowmelt discharge is expected to decrease, while summer and autumn discharge will increase. Water 
availability for various sectors will be reduced with considerable socio-economic implications. Low flow 
periods during summer will reduce water availability for industrial use and for drinking water production. 
During next decades the water demand for agriculture is expected to increase due to higher temperatures. 
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Increased winter temperatures will reduce the spatial and temporal extent of the winter snow cover in the 
slopes of surrounding mountains. This will reduce the length of the season for winter sports. The frequency and 
magnitude of peak flows is expected to increase. In general, climate change will increase the water demand by 
various sectors, particularly during summer when availability is low, and will require an even more balanced 
water-resources management.

Conclusion

The present study provides a quantitative understanding of the impact of climate change on hydrological 
regime in the Toplica basin. The obtained results were acceptably consistent, which give confidence that 
they are a plausible estimate of the hydrological response of the applied climate scenarios. Due to climate 
change the river Toplica is expected to shift from a snowmelt regime to a combined rainfall-snowmelt regime. 
This coincides with a seasonal change in the discharge regime: winter discharge will decrease, and summer 
discharges increase. The frequency and height of peak flows will increase. The existing levels of safety will 
decrease. This will negatively affect water availability for domestic use, industry and agriculture as well as 
inland navigation, water quality and ecology. 
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Introduction and Present State

Within the scope of the international project “Climate Change and Impacts on Water Supply in South East 
Europe” (CC Waters), one of the pilot areas, which is addressed in this paper, is the catchment area (C.A.) of 
the Pek River and two of its alluvial water sources (ALWSs): Jelak (providing drinking water supply for the 
City of Veliko Gradište) and Mlaka (servicing the City of Kučevo). These two ALWSs were selected because 
they face similar water quantity issues regarding river flow, but with possibly different impacts on the water 
sources and water management.    
   
The Pek River C.A is situated in central-eastern Serbia. The altitudinal range is from 72 to 1066 m above sea 
level. The Pek River is a tributary of the Danube, and their confluence is at the City of Veliko Gradište (V. 
Gradište). The surface area of the Pek River C.A. is 1230 km2, with a population of approximately 45,000. The 
majority of the population lives in three cities: Majdanpek (the most upstream city), Kučevo, and V. Gradište 
at the mouth of the river. Population growth has been recorded only in V. Gradište, while the other cities and 
particularly villages report a decline. 

The mean annual temperature and precipitation are about 11.1°C and 643 mm/y at V. Gradište, and 10.9°C 
and 672 mm/y at Kučevo. The approximate average rates of abstraction for urban drinking water supply are: 
Majdanpek 70 l/s, Kučevo 25 l/s, and V. Gradište 40 l/s. During the summer, drinking water demand increases 
significantly in V. Gradište (the only tourist destination in the area, albeit not major), but not as much in 
Kučevo. There is no treatment except for chlorination. Agriculture near the cities has remained at about the 
same level for many years, while it has declined in the villages. In recent years, the water supply system (WSS) 
of V. Gradište has been experiencing water shortages during the hot months of hydrologically dry or even 
average years. The Kučevo WSS does not currently face drinking water deficit issues, but they are likely to 
occur in the future. 

Table 1. Registered 1949-2006 trends by month and annual averages

Type of station Station JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Aver
Temperature 

(°C/100y)
Veliko 

Gradište 1.3 1.0 2.2 -0.7 1.1 0.5 0.6 0.5 -2.1 0.0 -1.8 -2.9 0.0 1

Precipitation 
(%/100y)

Braničevo 
(near VG) -50.3 -39.4 -47.0 76.1 -106.7 -23.0 4.3 63.0 98.6 36.2 -78.2 -39.8 -10.5 2

Precipitation 
(%/100y)

Voluja (near 
KU) -22.9 -70.1 9.2 58.2 -54.8 -76.7 -76.6 21.8 7.0 13.1 -93.0 -45.5 -31.0 2

Precipitation 
(%/100y)

Vlaole (near 
MA) -66.3 -54.0 -49.7 1.0 -76.0 -24.8 -30.9 56.6 64.5 -50.9 -96.4 -43.1 -33.6 2

Pek discharge 
(%/100y)

Kusići (V. 
Gradište) -35.2 -38.6 -10.9 -19.3 -71.8 -123.6 -50.6 -4.5 9.6 3.5 -122.0 -64.6 -43.5 3

1The estimated present average annual temperature trend for this region is about +0.4 °C/100 years [3].
2The estimated present average annual precipitation trend for this region is about -10 %/100 years [3].
3Very close to the present average annual river discharge trend for the region in which the Pek C.A. is located [3].
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Table 1 shows recorded temperature, precipitation and discharge trends at several stations in the Pek C.A. for 
the 1949-2006 period. This period is convenient because it is relatively long (58 years) and exhibits a close 
similarity to estimated long-term temperature and precipitation trends, and particularly discharge trends in 
Serbia [3]. 

The months of August and September, followed by July and October, are of particular interest when the impact 
of climate change on water resources is assessed because they exhibit the most critical relationship between 
the availability of water resources and water demand. The low flow trend in August, September and October is 
about “0” – there is no trend, and this is considerably more favorable than the annual average as a result of an 
upward precipitation trend in August and September, and in the case of the Pek C.A., also due to the presence 
of the Pustinjac Reservoir which provides drinking water supply to the most upstream city – Majdanpek.
There are three hydrological stations on the Pek River: an upstream station at Debeli Lug (near Majdanpek), 
a central station at Kučevo, and a downstream station at Kusiće (near V. Gradište). The longest existing time 
series for these stations have been included and a National study indicate that the registered long-term trend 
for the Pek River is about -40% /100years. The greatest factors are attributed to climate change and land use 
changes [3]). 
 
Methodology

Figure 1 shows the general methodology (GM, or needed steps) followed to assess climate change impacts 
on ALWSs in the Pek Test Area. Each step has been assigned a number and is addressed later in the text. 
Simplifications and assumptions:

• Each ALWS can be upgraded (new wells, 
artificial recharge, and the like). Additionally, 
all wells exhibit signs of declining discharge, 
to a greater or lesser extent, due to clogging. 
Such possibilities and processes are not 
taken into account in the assessment of 
climate change impacts on the ALWSs (i.e., 
the ALWSs are modeled as being the same 
today and in the future). The ALWS setting 
is the same today and in the future (no 
erosion, no siltation, and no morphological 
changes in the immediate environment). The 
assessment does not examine whether the 
capacity of a particular ALWS is adequate or 
not for the area it services. 

• The groundwater (GW) model calibration 
time step is one week (GM, Steps 1 and 
2), September-December 2010 (Jelak-V. 
Gradište) and March-June 1997 (Mlaka-
Kučevo), while the calculation time step is 
one month, consistent with available data 
(GM, Step 9). 

• Climate forecast parameters (temperature 
and precipitation) were obtained from other 
CC Waters partners (GM, Step 3). The 
climatic scenario used was A1B. 

• Land use within the C.A. will not change 
significantly in the future and, as such, will 
not result in any runoff coefficient or water 
balance variation in the upstream portion of 
the C.A. (GM, Step 4).

 Figure 1: General methodology
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• The water balance was not assessed using the conventional hydrologic method. Instead, the multiple 
non-linear correlation method (VNC) was used, as the dependency of discharge on temperature and 
precipitation, with corrections for additional water demand and possibly additional evapotranspiration. 
Changes in the rates of water abstraction for future irrigation and drinking water supply needs upstream 
from a given river discharge are taken into account, under optimistic (minimum), moderate (plausible) 
and pessimistic (maximum) scenarios. The additional evapotranspiration was also looked into under three 
scenarios (optimistic, moderate and pessimistic). Following discharge calculations, the river boundary 
condition for the HD model was determined based on the established correlation between river discharge 
and water level, via a large number of recorded data points: discharge-water level pairs (GM, Step 5).

• The time periods considered were: 1961-1990 (base period), and 2021-2050 and 2071-2100 (future 
periods). Based on recorded hydrologic data and estimated future climatic and hydrologic data, selected 
critical years are: V. Gradište – 1962 (past), and 2035 and 2096 (future); and Kučevo - 1961 (past), and 
2035 and 2096 (future). Critical months were always July through October, such that the HD models were 
run through the March-October period (GM, Step 6).

• For the calibration period, GW flow from the upland was found to be about 30 l/s/km (Jelak-VG) and 18 
l/s/km (Mlaka-KU). For estimated periods, groundwater flow from the upland was determined based on 
experience, taking into account that the downward trend of groundwater flow from the upland is about 
the same or slightly lower than the downward trend obtained for the Pek River, all other conditions being 
equal (GM, Step 7). 

• Two values were assumed for the achievement of a given water level at the wells, as a criterion (GM, 
Step 8) which is the same for all time periods and scenarios, based on which HD model calculations were 
performed. The first is slightly above the aquifer floor (the average of 5 wells ≈ 68.2 m.a.s.l. at the V. 
Gradište ALWS, and the average of 3 wells ≈ 149.5 m.a.s.l. at the Kučevo ALWS), corresponding to the 
maximum yield of the source under given conditions, while the second is about 0.5 m higher (the average 
≈ 68.7 m.a.s.l. at the VG ALWS and the average ≈ 150.0 m.a.s.l. at KU ALWS), corresponding to the lower 
yield of each of the sources.

• The following will change in the future, relative to the present: temperature and precipitation; upstream 
water demand for drinking water supply and irrigation; and, as a consequence of climate change, 
evapotranspiration and river and upland boundary conditions.

• There are no special ecosystems; ecological criteria apply to the downstream consumer (at Kučevo) and to 
biodiversity of the river itself.   

• Calculations were done for: 
• HD models of the ALWSs, which were developed in Modflow,
• Ecological water demand have been estimated base on the nature condition,
• The Pek River water levels at the ALWSs, based on water balance model and estimation of future 

water demand,
• Upland boundary conditions and recharge for both ALWSs have been estimated base on observations 

and predicted future conditions. 

Results Derived for ALWS Capacities

Table 2 and 3 show, separately, the values derived for the entire year, and for the summer and winter periods 
(GM, Step 10).

Table 2 shows ALWS annual average capacities for the periods addressed (1961-1990, 2021-2050, 2071-
2100). Minimum (maximum) values are given for one year (out of 30 years), in which the ALWS exhibits the 
lowest (highest) average annual capacity.

Table 3 shows ALWS capacities on a monthly basis during the most critical (lowest) year in the periods 
addressed (1961-1990, 2021-2050, 2071-2100). Minimum (maximum) values represent the month during 
the selected year in which the ALWS exhibits the lowest (highest) monthly average capacity. The plausible 
(average) value in this table is the same as the minimum value in Table 2. 
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Water Availability based on average annual hydrology at Jelak-VGt
Table 2 - VG Average Average for Apr. - Sept. Average for Oct. - March

Period Min. Plausible Max. Min. Plausible Max. Min. Plausible Max.
1961-1990 (l/s) 56 62 65 55 60 63 58 64 66
2021-2050 (l/s) 49 55 60 48 54 58 50 57 63
2071-2100 (l/s) 39 44 49 38 43 47 41 46 52

(2021-50)/(1961-90) 0.88 0.89 0.92 0.88 0.90 0.92 0.88 0.89 0.95
(2071-2100)/(61-90) 0.70 0.71 0.75 0.70 0.72 0.75 0.71 0.72 0.79

Water Availability based on average monthly hydrology (worst year of the period) at Jelak 
Table 3 - VG Average Average for Apr. - Sept. Average for Oct. - March

Period Min. Plausible Max. Min. Plausible Max. Min. Plausible Max.
1962 (l/s) 52 56 61 52 55 59 52 58 61
2035 (l/s) 44 49 54 44 48 53 47 50 54
2096 (l/s) 36 39 44 36 38 43 38 41 44
2035/1962 0.86 0.88 0.89 0.86 0.88 0.89 0.90 0.88 0.89
2096/1962 0.69 0.70 0.72 0.69 0.70 0.72 0.72 0.71 0.72

Water Availability based on average annual hydrology at Mlaka-KU
Table 2 - KU Average Average of Apr. - Sept. Average of Oct. - March

Period Min. Plausible Max. Min. Plausible Max. Min. Plausible Max.
1961-1990 (l/s) 28 32 35 26 30 33 30 34 36
2021-2050 (l/s) 25 28 31 22 25 28 28 31 33
2071-2100 (l/s) 18 20 22 15 17 19 21 24 26

(2021-50)/(1961-90) 0.89 0.88 0.89 0.85 0.83 0.85 0.93 0.91 0.92
(2071-2100)/(61-90) 0.64 0.63 0.63 0.57 0.57 0.58 0.70 0.71 0.72

Water Availability based on average monthly hydrology (worst year of the period) at Mlaka 
Table 3 - KU Average Average of Apr. - Sept. Average of Oct. - March

Period Min. Plausible Max. Min. Plausible Max. Min. Plausible Max.
1961 (l/s) 24 28 33 24 26 29 25 30 33
2035 (l/s) 21 25 31 21 22 24 23 28 31
2096 (l/s) 14 18 23 14 15 16 18 21 23
2035/1961 0.89 0.89 0.94 0.89 0.85 0.83 0.91 0.93 0.94
2096/1961 0.57 0.64 0.70 0.57 0.57 0.56 0.72 0.70 0.70

When the results derived for the two ALWSs are compared, it is apparent that Mlaka (Kučevo) is more sensitive 
than Jelak (V. Gradište) to climate change (primarily evident from the correlation between the 2096 capacity 
and that of the years which are representative of the present state). The explanation of this may be sought in the 
lower permeability of Mlaka, as well as the proximity of the Danube River to Jelak.

Discussion: Results and Uncertainties regarding Climate predictions

The Climate Change and Impacts on Water Supply in SE Europe Program involves, by necessity, a large 
number of assumptions and calculations. Each forecast is sensitive to assumption uncertainties and calculation 
imperfections. They need to be examined and critically assessed. The quality of a prediction grows with 
increasing validation by recorded data and especially by trends. Following is a commentary on the activities 
related to Climate change prediction. 
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Temperature and precipitation calibrations for the Pek C.A. are deemed to be very good. Since only one 
scenario, the “middle” scenario A1B, was selected, it is safe to conclude that the climate forecast targeted the 
most realistic climate developments. For the Pek Test Area, the adopted climate model CNRM-RM5 predicts 
an increase in the average annual temperature by 3.1°C/100 years. The current temperature trend of the region 
which includes the Pek C.A. is about 0.4 °C/100 years (the average for Serbia is slightly higher). This upward 
average annual trend is likely a result of the assumption inherent in the climate scenario, but the distribution 
of monthly trends is questionable: the highest upward trend was predicted for the months of July, August and 
September (in the order of 6, 5 and 4.5 °C/100 years), and is considerably higher than the predicted annual 
trend, while the actual trends for July and August in the Pek C.A. (and in all of Serbia as well) are only slightly 
higher than the annual average, and September, along with November and December, is the only month with a 
distinct negative temperature trend (in the order of -1.5 °C/100 years).

Figure 2: App. long-term annual and monthly for August and September precipitation trends (%/100y) in 
Serbia: [3],[5].

The precipitation situation is similar (Figure 2):  For the Pek C.A., the selected model CNRM-RM5 predicts 
a reduction in precipitation by -9 %/100 years, which matches very well the current precipitation trend in 
the region which includes the Pek C.A. Again the distribution of monthly trends is questionable: the highest 
downward trend was predicted for the months of July, August and September (in the order of -55, -45 and 
-25 %/100 years), which is inferior to the predicted annual trend, while the actual trends in July, August 
and September in the region which includes the Pek C.A. are in the order of -20, +40 and +50 %/100 years. 
September is at the same time the month with the highest and most constant positive precipitation trend in all 
of Serbia.

From the standpoint of critical periods for drinking water supply (July-October), the predicted climate 
parameters, assuming that the A1B scenario was properly selected, provide appreciably more severe (less 
favorable) values than those that can be deduced from analyses of the trends recorded during this part of the 
year.

Although not presented in the abstract, the socio-economic aspect of potential future developments (including 
the spending needed to ensure trouble-free drinking water supply in the future, the impact of water tariffs on 
water demand, and the like) was also assessed. All these analyses have provided insight into water management 
today and in the future. 

More detailed results are available on www.ccwaters.eu
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Introduction – General considerations

Water is vital, embedded in ecological and social systems; it has hydrological cycles and has no replacement 
for life sustainability 

From an economic perspective, water is just the value of which humans must maximize on the market. But one 
characteristic of markets is excludability: some of the social agents will not be capable to enter it, therefore the 
allocation of this vital resource will be unfair. Imposing a human right on water, some have argued, it can save 
moral fairness. But it can also have the severe consequences of an ecologic crisis.

The market itself cannot regulate the fair flow of this resource and also the capacity to renew it in time. On the 
other hand, humans with their egoistic interests in consumption without coordination are destroying the water 
supply. 

Improving the quality of ecosystems in order to obtain a high quality and also cheap drinking water 

In Romania, as an effect of climate change, in southern and southeastern of the country droughts occur frequently, 
and on degraded land the desertification process continually increase, among the main agents of desertification 
hovering: water and wind erosion, travel land mass, salinization and other forms of soil degradation, especially 
in drought affected areas, where the forest vegetation occupies usually a small proportion of the territory 
(Blujdea et al., 2006).

The analysis of these processes is of great importance because it highlights a whole chain interactions related 
to a number of harmful effects of which reads:  accelerating of the frequency and intensity of floods, due to 
the erosion and siltation of the river system, with negative implications of intercepted targets; decrease of the 
hydropower potential and drinking water resources a.o.

Climate change associated with improper operation of the utilities amplifies negative effects on ecosystems (by 
reducing their vitality, biodiversity loss or disappearance, etc.), therefore further measures are needed in order 
to restore, maintain or increase the functional efficiency.  

The foresters have undertaken extensive measures to restore areas damaged by improper loggings.  In the early 
twentieth century, due to  some mistakes in forestry practice, Romania was facing the onset land degradation 
processes on surfaces becoming larger, as well as take these out of production, partial or total. To remedy the 
situation, legislate and initiate actions to improve degraded land were taken. Within these, besides afforestation, 
works were taken to strengthen and correct ruts, gullies and torrents (Photo 1a,b). 
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Photo 1a,b: Very strongly and excessively eroded fields, ravines from Scaune perimeter, Vrancea district, 
during the consolidation and afforestation works (photo N.Bogdan, 1960) and after approximately 50 years 

(photo. C. Constandache, 2012)

Forest is the optimal protection shield against erosion; its presence is a necessary but not sufficient to stop 
hydrological unsetting and to stop the torrential runoff. For performance, with maximum efficiency, of the 
hydrological and erosion functions, it is necessary to set out a certain distribution and, especially, a certain 
structure of the forest in the basin area. That is why we consider appropriate scientific approach focused on 
a qualitative analysis of the land use, to assess vulnerability of water resources, management establishing 
measures and emergency response. 

The results of researches have shown that the effectiveness of a hydrological ecosystem is depending on its 
characteristics (the use) and the soil, which can be determined by three parameters: retention, surface runoff, the 
amount of erosion (after the system proposed by Apostol, 1972 and subsequently improved). This represents 
the qualitative hydrological mapping of the utilities, based on which, the ecosystems can be classified into 
different hydrological categories (4-8). The forests can be classified into four hydrologic categories (table 
1, Adorjani etc., 2008) while the other uses (bare, arable lands, pasture, meadow) in four categories. For 
each category a score can be determined to be directly proportional to the value of ecosystem services. The 
better the ecosystem quality is, the higher the ecosystem services value is. The value of these services should 
be proportional reversed to the basic cost of drinking water and  represents the total expenses to provide a 
management of ecosystems (security / protection, treatment works, afforestations, the value of products that 
can not be harvested due to restrictions).

Table 1. hydrological quality of forest in Romania

hydrological categories % of surface erosion m3/an/ha Retention max (mm)
A 28,2 0,05 - 0,5 17
B 53,9 0,2 – 8,0 10 - 15
C 15,6 1,0 – 8,0 7 - 12
D 2,4 2,0 - 100 1 – 4

Improving the quality of ecosystems (throughout an appropriate management and monitoring) leads to 
increasing the value of ecosystem services, as well as the growth of quantity, quality and reduction of cost of 
the drinking water. Research conducted at the Forest Research and Management Institute highlights the crucial 
role exerted by forest plantations installed on degraded lands in protecting of water resources and improving 
the environment (Constandache et al., 2008, 2010; Untaru et al., 2013).

• In the forest, the drainage of rainfalls is 4 to 10 times lower than of the waterbaden pastures, and therefore 
water loss and erosion capacity are much smaller. The amount of erosion is from 0.05 to 0.5 mc / year / ha 
in the forest from 50 mc / year / ha in pastures and bare land (fig. 1).
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Figure 1: Runoff (a) and specific erosion (b) in plots for the study of flow (Bîrseşti-Vrancea county)

• The flow from melting snow was about 3 times higher (over 55% of the volume of water from the snow) 
in a pool with a small percentage of afforestation, of 22% (Hurjui-Nereju) towards a hydropgraphic basin 
wooded in the proportion of 88% (Monteoru - Nereju).

Most drinking water resources come from wooded hills and mountains. The forest acts as a sponge and a filter 
that retains rainwater and release it gradually, charging sources. In the absence of forest, the water coming from 
raifalls, drains instantly, causing soil erosion, landfalls and floods.

The maintained forest ecosystems play an important role in retention, filtration and regulation of surface 
watercourses, reducing soil erosion and transport of sediments, all together having as result the maintainance 
of water quality and ensure a permanent water flow. 

The areas that are receiving water and ecosystem services regarding drinking water are: population, tourism 
ect. Taking into consideration the utility of the land from where the water sources are provided, the quantity 
and the quality of water can suffer, for example, due to agricultural practices (such as the use of chemical 
fertilizers, overgrazing, improper agrotechnics), forestry practices (improperly management, excessive cuts, 
ect.) and also from natural causes (felling of wind, erosion, landslides, etc.), therefore, in order to get under 
optimal conditions to the beneficiaries, it must be ensured a proper management of ecosystems for the areas 
with water sources, as well as for the areas that are crossed by water resources.

Improving the quality of ecosystems (throughout an appropriate management and monitoring) leads to 
increasing the value of ecosystem services, as well as the growth of quantity, quality and reduction of cost of 
the drinking water.

Expensive water (desalination, treating, advanced treating, recycling, etc.)

In 2013, the global potential sources of water supply for populated areas, can be the desalinated water, rainwater 
and recycled water, in addition to surface water and groundwater

Obtaining the drinkable water to a desirable quality, requires to enforce the conventional treatment processes 
and, if necessary, for advanced processes. Adequated technologies are to be used according to the water origin, 
used  to produce drinking water sources (springs, groundwater, rivers, oceans). Technical fuller treatment 
options are depending on the available water volume and of the water volume water to be treated.
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Table 2. Advantages and disadvantages of using drinking water treatment processes
Water purification 

technologies Advantages Disadvantages

Technologies classic 
grids and retention site, 
desanding sedimentation, 
coagulation flocculation, 
filtration and disinfection.

- ensure water quality under the laws;
- A more attainable maintenance for 
equipment involved in the treatment process;
-possibility of treating large volumes of water;
-Relatively high efficiency of processing 
stages;
-effective removal of suspended particles in 
water;
-Elimination of microorganisms in drinking 
water;
- Maintenance of machines may be in flux, 
without interrupting the production of 
drinking water;
- Operating with a small staff;

- Use of large construction;
- Water quality due to variable 
rainfall, clogging of sand filters 
and the potential development of 
specific microorganisms
- The use of chemical reagents for 
coagulation phase can lead to un-
controlled ion content variation;
-Involves a relatively high 
disinfectant (chlorine or ozone);
-Excessive contamination with 
desinfectant (chlorine), with 
negative effects on consumers;
high-energy costs;

Microfiltration, 
ultrafiltration or reverse 
osmosis

-retention efficiency of both the colloidal 
suspension and dissolved substances
- Elimination of chemical reagents used in 
coagulation
-simplicity and compaction plants without the 
use of various chemical reagents
- quick and commissioning flexibility;
- Constant quality of water;
-elimination side reactions produce 
trihalomethanes resulted in chlorination

Flow limited water treated by the 
membrane filter surface;
Generally intended in small 
collectivities: Maximum 
population 15 000 population

Seawater desalination by 
distillation and reverse 
osmosis

- Negligible amount of energy used
- High efficiency water treatment plants
- High quality of drinking water

- high cost of investment
-maintenance machines used in 
the drinking water

The conventional treatment processes used are: retaintin on grids and on site, desanding sedimentation, 
coagulation flocculation, filtration and disinfection. Advanced treatment processes include aeration - oxidation 
of the active carbon adsorption, and use of membranes. Favorable ratio between the cost and performance of 
membranes enable promising applications in various fields that apply to water treatment processes. Besides 
diversifying the range of equipment type microfiltration modules, ultrafiltration or reverse osmosis different 
geometries portmembrana plates (square, rectangular, circular, oval) with different sizes and flow regimes 
(piston type, tangential flow, pulsating flow) .

The methods used in ocean desalination are distillation and reverse osmosis. Today the gap between the price of 
desalinated water and recycled respectively, and the price of treated water is an important issue for investments 
in this area have been developed.

Comparing the advantages and disadvantages between classical and modern treatment processes is given in 
table 2.

An additional parameter in ensuring drinking water needs and price calculation obtained by a particular process 
is the pressure of the water supply. Pumping stations should be fixed and the speed of the water, requiring 
seamless integration of electrical and automation networks.

In Romania the use of surface water in forest areas as a source of drinking water is a usual method, because its 
high quality and relatively low cost. The effect of forest vegetation on water quantity and quality, resides on 
breaking the surface flows,  on facilitating infiltration and storm water percolation  deep in supply sources and 
ensuring their permanence and moderate flow regime rivers.
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From the Romanian legal perspective, the compliance with the Water Quality Technical Norms NTPA 013/2002 
[1] calls upon the operator to monitor continuously the water physical-chemical and bacteriological parameters. 
In the absence of regulations regarding soil erosion protection work led to the development of water treatment 
technologies. For example, entering the coagulation - flocculation independent process in the subsiadiaries of 
water plants for drinkable water in year 1980, was a fundamental step in the generalization of dynamic layer 
technologies and lamellar settling performance in rinsing water; CMA provision for the turbidity of  decanted 
water , went from 15 to 20 NTU ̊ in 1970-5 to 5 ̊ NTU in 2005. 

Table 3. Approximate costs of treated water in the two treatment plants

Specification  Units measure Costs(Euro)
(900 l/s)

Costs (Euro)
(1400 l/s)

electrical power Euro 21000 25000
technology-polyelectrolyte materials and liquid chlorine (3,8%) Euro 135836 211135

 Salary- costs Euro 29689 35000
Influent losses Euro 11223 17705

 Laboratory analysis Euro 9125 9616
Annual amortization investment i two decanter / 10 years Euro 520000 990000

Total costs Euro 726873 1288456
Water quantity decanted mc 6607936 10737134

Price Euro/mc 0.11 0.12

In the present work are discussed the water infrastructure and drinking water quality, derived from forest areas 
of Prahova County and the keys implemented in order to ensure the drinking water necessary in the surveyed 
area. 

The studied treatment plants have as raw material, the water derived from Barajul Maneciu reservoir and the 
water from the Teleajan river. The infrastructure of these two water waste treatment plant is based on classical 
procedures, namelly: 

• Maneciu drinking water treatment plant has developed for 31 years, a capacity of 900 l / s; 
• water treatment station Valenii de Munte  is located on the river Teleajen Catchment Buzau-Ialomita, 

Prahova County. The system was developed during 32 years period, and currently is an important 
hydropower and water supply station that exploits the potential of the river basin Telejan. The capacity is 
1400 l / s raw water treatment on a line for production of drinking water [2 ].

From the data presented in Table 3 it is observed that the cost of the treated water is located at the limit of 0.1 
Euro / mc recommended by the European Union [ 5,6 ].

Critical water’s road – natural disaters, pollution, organization. 

WATER – essential element  without life on Earth could not exist. Our existence on the Earth depends on 
WATER.  Existing in various states, water passes  continuous and perpetual in Nature. Almost all hazards are 
including water as essential component.

Following the accelerated development of mankind, technical progress and the industrial location in the 
riverbeds - lately appeared more often the NATECH type combined risks (natural triggering technological 
hazards) = events triggered by natural processes that can as simple events, sequential or complex. Today we 
consider that there are no major risks not including WATER, either as part thereof, or as an element of combat 
it.

Critical infrastructure is an asset or system which is essential for the maintenance of vital societal functions. 
The damage to a critical infrastructure, its destruction or disruption may have a significant negative impact for 
the security of the EU and the well-being of its citizens.
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Reducing the vulnerabilities of critical infrastructure and increasing their resilience is one of the major 
objectives of the EU. An adequate level of protection must be ensured and the detrimental effects of disruptions 
on the society and citizens must be limited as far as possible.

• The European Program for Critical Infrastructure Protection (EPCIP) sets the overall framework for 
activities aimed at improving the protection of critical infrastructure in Europe - across all EU States and 
in all relevant sectors of economic activity. The threats to which the program aims to respond are not only 
confined to terrorism, but also include criminal activities, natural disasters and other causes of accidents. 
In short, it seeks to provide an all-hazards cross-sectoral approach.

A key pillar of this program is the 2008 Directive on European Critical Infrastructures . It establishes a 
procedure for identifying and designating European Critical Infrastructures (ECI) and a common approach for 
assessing the need to improve their protection. The Directive has a sectoral scope, applying only to the energy 
and transport sectors.

The Directive also requires owners/operators of designated ECI to prepare Operator Security Plans (advanced 
business continuity plans) and nominate Security Liaison Officers (linking the owner/operator with the national 
authority responsible for critical infrastructure protection).

High quality, safe and sufficient drinking water is essential for our daily life, for drinking and food preparation. 
We also use it for many other purposes, such as washing, cleaning, hygiene or watering our plants.  

The European Union has a history of over 30 years of drinking water policy. This policy ensures that water 
intended for human consumption can be consumed safely on a life-long basis, and this represents a high level 
of health protection. Among the main pillars of the policy is to secure an efficient and effective monitoring, 
assessment and enforcement of drinking water quality; 

According to the Romanian legislation in the national critical infrastructure - NCI were identified among the 
critical areas, water supply comprising subsectors as: supply of drinking water, water quality control and water 
damming and quality control. Given the importance of water resources across Europe through the project CC-
WARE we want to sensitize stakeholders at EU level to introduce WATER supply (element of infrastructure) 
into the European critical infrastructure category. Through the strategic document that will be developed within 
the project we propose the introduction of drinking water sector – as a sector designated ICE

The preliminary results of the review Directive process have been summarized in a Commission Staff Working 
Document. Based on the results of this review and considering other elements of the current program, the 
Commission adopted a 2013 Staff Working Document on a new approach to the European Program for Critical 
Infrastructure Protection. It sets out a revised and more practical implementation of activities under the three 
main work streams – prevention, preparedness and response. The new approach aims at building common tools 
and a common approach in the EU to critical infrastructure protection and resilience, taking better account of  
interdependencies.

Ethics of water sources

Two distinctions are to be made when we try to draw an ethical approach to water. The first one is methodological: 
we have to choose between the anthropocentric and the holistic, naturocentric vision. Until the XX century, 
ethical considerations were made only from the human point of view, i .e. the center of the ethical realm was 
the person and its relations to other persons. There was only one moral subject who had duties and moral norms 
to comply with: the human being. But since the environmental ethics came into scene, the accent was moved 
from persons to the complexity of life on Earth. Therefore, we are now facing a dilemma of moral priority; for 
example, is water a moral subject despite the fact that it is neither an agent, nor a moral patient? If so, has it its 
own interests, and does the persons have duties towards it? Or is water, like the air and the ground, important 
for sustainability of life on Earth and therefore it has a moral status but only in a strong connection with human 
sustainable existence and development?
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A second distinction is made between water seen as a human right and water as an economic resource (da 
Cunha 2009). The implications are manifold. The first one concerns the category of goods within which water 
can be framed: social or merely economic. A social good implies equity in access and use and even equality of 
persons in access. But, the ecologists observed in the equality in access produces “the tragedy of the commons”: 
everyone will claim an equal share of it in the same period of time thus generating a phenomenon of depletion 
and, in the special case of water, pollution. 

Conclusions 

The water is a social good. Everyone’s externalities will have to be internalized by the community and in a 
short time the general result will be a social and economic crisis. A new question arises: where to put the limits 
of the “community”? Fresh, good for drinking water is found in a complex set of rivers and drainage basins; 
its nature is fluid and could not be limited by human geographic communities. An action in a single area of a 
river has consequences in the whole basin and ecosystem.

The normative keyword is coordination for water resources by a system of governance. This system must be 
transparent, based on equity and responsibility (not only for today, but also for future generations), eager to 
internalize externalities and open to all the stakeholders. It is easy to find this kind of governance in practice 
at different levels of organization within a drainage basin, region or a state. But on a global level, it shows that 
water governance is more a matter of theoretical discussion and UNESCO principles than a social reality.

Extrapolating: an action in one country (such as Romania) has consequences on a large area (such as entire 
Danube Basin).
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Abstract

Beljanica Mt and Stara Planina Mt (eastern Serbia) are the two test areas included in recently completed “CC 
Waters” project where researchers of the University of Belgrade – Faculty of Mining & Geology performed 
field survey, established monitoring network and created stochastic models for forecasting of discharge regime 
until the end of 21st century. 

Karst aquifers of Beljanica Mt and Stara Planina Mt are strategically important natural reservoirs of groundwater 
in Carpathian arch of eastern Serbia, which is currently used only for local municipal water supply and in very 
limited manner. Karstic aquifers are formed in mountain areas, still undeveloped and sparsely populated, while 
their drainage is along foothills and boundary with Tertiary non-karstic sediments. 

The stochastic model applied to karst springs of the Beljanica massif indicates that in the next 90 years a 
pronounced negative trend in the yearly average discharge will take place at all studied springs. A general 
decrease in the average yearly discharge in the interval between 6% and 10.5% is expected. Even though the 
summer/autumn recession may causes a decrease of up to 40% when comparing with the current average yield 
of some springs in those periods. Similar situation is forecasted for the Stara Planina springs.   

The two sets of adaptation and mitigation measures against negative impact of climate changes were evaluated 
and proposed: 1. Artificial engineering regulation of karst aquifers (wherever possible), and 2. Preventive 
protection of aquifer systems and a new legislative. 

1. If aquifer is well karstified and with adequate storage in its deeper parts, as in case of majority of studied 
springs it is possible to regulate and manage minimal flow by various engineering interventions. Such an 
option provide opportunities to satisfy water demands not only of direct consumers but of dependent eco 
systems by ensuring ecological flow downstream.

2. Water-management regulation should consist primarily of spatial and water plans that are made in accordance 
with state and River basin management plans. As most of the municipalities did not possess such plans or they 
were generally adapted to spatial planning in terms of buildings and infrastructures, further activities at the 
local level will focus on preparation of new plans and monitoring of groundwater in accordance with the new 
national Water Law and EU WFD.

Given the framework forecast of available groundwater reserves and municipal water-supply demands in the 
test areas, one can conclude that careful/judicious water consumption favours the continued use of existing 
sources based on groundwater and their regional expansion to supply wider and even remote areas. However, 
many precautionary measures must be put into local water practice, particularly if other sources in the wider 
area will be under larger threats resulting from climate changes.

Keywords: karst aquifer, forecasting, regulation, eastern Serbia
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Introduction

Serbia is a relatively rich in groundwater reserves and the major part is stored in intergranular aquifers formed in 
Quaternary alluvial deposits and Neogene basin deposits, along major rivers. Alluvial aquifers are particularly 
used for municipal water supply. Karst aquifers dominate in south-western and eastern parts of Serbia. 

Beljanica Mt and Stara Planina Mt, within the Carpathian – Balkan region of eastern Serbia (Fig 1), were the 
selected test areas for the CC WaterS project, realized in the period 2009-2012. 

Figure 1: Geographical positions of Beljanica (north) and Stara Planina (southeast) 
test areas in eastern Serbia

Selected aquifer systems are strategically important natural reservoirs of groundwater in Carpathian arch of 
eastern Serbia, which is currently used only for local municipal water supply. Karstic aquifers are formed in 
mountain areas, still undeveloped and sparsely populated, while their drainage points are along foothills. Karst 
springs are generally characterized by considerable seasonal discharge fluctuation.
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During the project the following activities were carried out, whose results are directly relevant to the definition 
of proposed adaptation and mitigation measures:

• collection  and interpretation of relevant meteorological, hydrological, geological and hydrogeological 
data 

• application of stochastic model to forecasting karst springs discharge
• monitoring of groundwater quality and quantity
• collection  and interpretation of relevant spatial and socio-economic data of the test areas
• review of water and related legislation.

Basic for the proposed measures

Meteorological and hydrological statistics were used for the stochastic model which simulates daily discharges 
of karst springs. The model shows that, in the next 90 years, a pronounced negative trend in the yearly average 
discharge will take place at all studied springs. A general decrease in the average annual discharge for the karst 
springs on the northern edge of Beljanica test area (Fig.2) is 9%, while the summer droughts would cause a 
flow recession up to 40% (Tab.1). 

Figure 2: Distribution of the main springs of Beljanica Mt

Groundwater monitoring on selected karst springs is carried out during the project realization..The results 
confirmed the pronounced seasonal fluctuations of groundwater levels and recessed flow rates of the karst 
springs in the summer/autumn minimum. Chemical analyses of the spring waters showed a high sanitary 
quality, while temporary microbiological contaminations are overcame by chlorination only. 

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Table 1. Discharge rates (Q) for the karst springs on the northern edge of Beljanica area ( Mlava spr., 
Belosavac spr., Živkova Rupa spr. & Krupaja spr.)

Qaver Qmax Qmin winter summer
1966-2008 4.957 7.962 2.917 4.638 5.251
1966-2100 4.756 8.02 2.815 5.429 4.075
2021-2050 5.019 7.236 3.882 5.973 4.103
2071-2100 4.511 5,814 3.298 5.895 3.189

The two test areas have similar spatial and socio-economic features: sparsely populated (≤100 capita/km2), 
undeveloped, rural areas, that are featured by a preserved environment. Some parts of the area are under 
nature protection regime. Municipal water supply is almost completely based on the natural flow of karst 
springs. Demographic analyses and calculations of water needs showed that there is a surplus of available karst 
groundwater in both areas. Strategy plans of spatial development of the areas define an intensive development 
of agriculture, tourism and complementary activities. Therefore, a significantly increased water demands as 
well as increased environmental impact on highly vulnerable karst aquifer should be expected. The assessment 
is that the karst aquifers in both areas are potential for development of regional water supply systems, under 
the condition of aquifer regulation and implementation of other good practice measures in water supply 
management.

The data on the geological structure and hydrogeological properties of the test areas were analyzed primarily 
in terms of forming and flow-out features of karst springs. Those are the basic prerequisites for defining the 
approach of aquifer regulation. 
 
Water and related (environmental) legislation is especially important for the implementation of measures of 
good practice in water supply management. The current situation with regard to Serbian national and local 
legislation is not satisfactory, primarily because of insufficient or nonexistent integrative approach to natural 
resource management. In addition to legislation, local and regional spatial and water management plans have 
to be revised and improved.

Proposed measures

 The two major sets of adaptation and mitigation measures against negative impact of climate changes were 
evaluated and proposed: 

• Artificial engineering regulation of karst aquifers (wherever possible), and 
• Preventive protection of aquifer systems and a new legislative. 

Artificial engineering regulation of Karst aquifers 

Three basic methods of artificial increase of groundwater source capacity could be determined (Dokmanovic, 
2010): 1/Artificial recharge of aquifer 2/Artificial increase of GWL 3/Artificial decrease of GWL. 

Artificial decrease of GWL is considered as an optimal solution for the test areas. If an aquifer is well karstified 
and with adequate storage in its deeper parts (Fig.3), as in case of majority of studied springs (Fig.4), it is 
possible to regulate and manage minimal flow by proposed engineering intervention.  However, not all karst 
springs can be regulated and, without prior comprehensive research, any direct attempt at their control is 
bound to fail. The knowledge of aquifer characteristics (the discharge regime and the position of the hydraulic 
head in the aquifer), the thickness of the saturated zone, and the aquifer transmissivity and storage are of key 
importance (Stevanovic, 2009).

Four possible accesses could be applied for the proposed method of regulation (Milanovic P., 1999): 1/Directly 
on the spring hole, by sinking water pump; 2/By drilled wells in the wider aquifer zone; 3/By drilled wells in 
the close vicinity of the karst spring; 4/By water tapping galleries. 
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The aim of the proposed regulation is to secure additional quantities of water during the period of low 
waters and reduced discharges coincided with increased water demand, and counting on sufficient aquifer 
replenishment during forthcoming wet seasons (Fig.5). The main balancing act in achieving this goal is to 
prevent overexploitation.

Figure 3: Karst aquifer with deep karstification base drained by an ascending spring (Q1) and subsurface 
outflow (Q2). Static (Q st) groundwater reserves are available for additional withdrawal (Stevanovic, 2009)

Figure 4: Schematic cross-section of Krupac and Kavak spring at the contact zone of karstified limestones 
(yellow) of Stara planina and basin deposits (blue) of Pirot valley (Stevanovic et al., 2012) 

Dry season “temporary loan” could be applied when it is possible to provide additional water volume in 
critical period, but this loan has to be returned. Two extreme scenarios are possible (Stevanovic, 2009): 1/ The 
replenishment potential is sufficient to cover the loan over a short period of time (within the same or the next 
hydrologic cycle) 2/ The deficit cannot be compensated and the water table decline is guaranteed.

Figure 5: Typical hydrograph of a karst spring suitable for regulation (Stevanovic, 2009)

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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In order to test the effects of discharge regulation, a hydrodynamic analysis and forecast is carried out for 
the wider contact zone of spring Kavak (Fig.4) consists of intergranular Quaternary and Neogene deposits in 
which karstic groundwater flow is drain. The finite differences method and software package MODFLOW 
have been used, while calculations were conducted by Groundwater Vistas 5.51. The obtained results show 
that simulated additional (related to natural flow rate) capture of 150 l/s of karst groundwater (made by 10 
newly drilled wells) would be sustainable.

It should be emphasized that there are a number of affirmative experiences with karst aquifer regulation by 
GWL decrease, where naturally decreased discharge has been significantly enlarged, and several positive 
examples are just from eastern Serbia. 

The concept of hydrogeological research for the karst aquifer regulation should include the following activities 
(Stevanovic et al., 2012b):

• interpretation of data of previous investigations and water monitoring
• stochastic analyses, water balancing, available resources, replenishment potential
• remote sensing
• hydrogeological mapping 
• speleological survey    
• geophysical investigations 
• tracing tests
• drilling and testing of exploratory boreholes 
• hydrochemical research 
• construction/instalation of water tapping structures (intakes and wells) 
• long-term pumping tests
• aquifer storativity assessment and calculation of groundwater reserves 
• aquifer vulnerability assessment and hazard of potential pollution
• definition of sanitary protection zones and preventive protection measures
• establishment of permanent  groundwater monitoring system 
• achieve and maintain a good status (according to EU WFD)
• definition of exploitable groundwater reserves and seasonal flow regimes. 

Preventive protection of aquifes systems and a new legislative 

Water-management legislation should consist primarily of spatial and water plans that are made in accordance 
with state and River basin management plans. As most of the municipalities did not possess such plans or 
they were generally adapted to spatial planning in terms of buildings and infrastructures, further activities at 
the local level will focus on preparation of new plans and monitoring of groundwater in accordance with the 
national Water Law and EU WFD.

The list of following items should be defined/considered but not to be limited in water-management legislation, 
water and spatial plans at different levels (national, regional, local):

• identification of existing and potential water users 
• water consumption standards for different users/purposes
• estimation of total water demands for each user/purposes
• assessment of used and currently unutilized water resources
• definition of priority in water supply
• evaluation of water shortage for different users/purposes
• state of irrigation systems  in terms of technology level and applied water saving technologies
• evaluation of the effects of different kind of water deficit compensation: additional groundwater tapping, 

repairing of waterworks infrastructure, water recycle and reuse, etc 
• delineation of sanitary protection zones for the main sources
• definition and put in practice preventive protection measures to ensure water quality
• application of adequate drinking water treatment
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• reparation of the old waterworks infrastructure and expansion of sewerage systems
• consistent application of waste water treatment in the catchment area
• maintenance of water pipes and other waterworks facilities, sewerage systems and waste water treatments
• modernization of sewerage and landfill solutions (sites, systems)
• assessment of aquifer vulnerability and mapping 
• identification of polluters and pollutants 
• estimation of pollution hazard and creation of risk maps for water resources
• expansion of waterworks infrastructure to rich all users in rural and suburban areas 
• regulation and additional tapping of groundwater
• continual monitoring of groundwater and surface waters. 

Conclusion

Karst aquifers of Beljanica Mt and Stara Planina Mt are strategically important natural reservoirs of groundwater 
in Carpathian arch of eastern Serbia, which is currently used only for local municipal water supply. Strategy 
plans define an intensive economic development of the areas and increased water needs as well as increased 
environmental impact on highly vulnerable karst aquifers should be expected. However, the assessment and 
forecasting show that the karst aquifers in both areas have potential not only for local, but for development of 
regional water supply systems.

The two major sets of adaptation and mitigation measures against negative impact of climate changes in test 
areas were evaluated and proposed: 1. Artificial engineering regulation of karst aquifers (wherever possible), 
and  2. Preventive protection of aquifer systems and a new legislative.

According to available hydrogeological data and several recent successfully implemented projects in Serbia, 
artificial decrease of GWL is considered as an optimal regulation method for the test areas. The aim is to secure 
additional water by temporary over-pumping of groundwater, during the period of decreased natural flows 
and increased water demand, while counting on sufficient aquifer replenishment during wet seasons. Aquifer 
regulation should be preceded by extensive hydrogeological research.

The current state of Serbian national and local legislation is unsatisfactory, primarily because of insufficient or 
non-existent integrative approach to the management of natural resource. Local and regional water legislation, 
water and spatial plans should be adapted and improved to enable implementation of proposed good practice 
measures in water supply management.
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Introduction

Climate change (CC) impacts on water resources availability could be a critical issue for society and economy. 
CC effects on water resources are, beside change in recharge processes, closely linked to urbanization and 
land-use change, population growth as well as other socio-economic trends, what was studied in the frame of 
South-East European project CC-WaterS. 

Slovene test areas were two shallow alluvial aquifers. First, the Ljubljana field aquifer is an unconfined porous 
aquifer, belongs to Ljubljana basin and is in the central part of the country. It is a source for drinking water 
for almost 300.000 people. The thickness exceeds 100 m, the groundwater recharges from rainfall (50 %) and 
from the river Sava (50 %). Mean annual temperature (1971-2000) is 8.99 ˚C and mean annual precipitation 
(1971-2000) 1403 mm.  The three quarters of the aquifer lie beneath the urbanised and agricultural area. The 
second test area was Mura valley’s unconfined porous aquifer, which is located in the north-eastern part of 
Slovenia and is part of Pannonian basin. It is a source for drinking water for about 70.000 people. The aquifer 
is shallower, the average thickness is 17 m, the groundwater recharges mainly from precipitation (only about 
20% from the river Mura) and most of the aquifer lies beneath the agricultural area. Mean annual temperature 
(1971-2000) is 9.6 ˚C and mean annual precipitation (1971-2000) 787 mm.  

As the groundwater levels show a decreasing trend over the last few decades, especially in the Mura valley, the 
question arises whether this is due to human interventions, e.g. groundwater pumping surpassing groundwater 
recharge rates or climate-related decrease in groundwater recharge.

Methods and results

Temperature and precipitation daily data were obtained from RCM models, based on EOBS data base: RegCM3 
and ALADIN. A greenhouse gas emission scenario, the A1B scenario was used with these models for the 
two future periods: 2021-2050 and 2071-2100. RCM predictions were adjusted to local observations by the 
quantile mapping method approach (Bergant & Muri 2010). The increase in air temperature was the largest in 
the warm part of the year, particularly in the summer for both test areas. Precipitation data manifested a high 
degree of ambiguity in the future periods, but the model simulations agreed on a general trend pointing to less 
precipitation in the summer. Modelled data also indicated trends in the direction of longer duration of dry spell 
and greater maximum daily rainfall.

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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As Ljubljana field aquifer is extensively fed from the river Sava (50%), impacts of surface water flow regime 
was expected to affect groundwater in the future. For this purpose, future river discharges were calculated for 
both, Sava and Mura river, as linear correlation between standardized variables, the different combinations 
of cause-effect relationship and considered hydrometeorological time series (Prohaska et al. 2011). For 
independent variables, known values of time series are taken: discharge and different climatic functions, such 
as precipitation, mean air temperature, humidity, vapour pressure, etc. With assumption that the river bed 
would not change in the next 100 years, results had shown that trends of mean annual discharges would not 
change significantly, whereas the variability would increase - higher values of maximum and lower values of 
minimum discharge are expected.

The water balance for the past (1971-2000) and two above-mentioned future periods were calculated with 
the GROWA-SI model (Kunkel & Wendland, 2002). The GROWA-SI model consists of several modules 
for determining the real evapotranspiration, total runoff, direct runoff and groundwater recharge. The input 
data for the model are climate parameters modelled with ALADIN and RegCM3. Mean annual groundwater 
recharge for the period 1971-2000 varies from 41 Mm3/year (ALADIN) to 43 Mm3/year (RegCM3) for the 
Ljubljana field aquifer. Considering the recharge from the river Sava as well, total infiltration is about 84 
Mm3. In the period 2021-2050 the total (precipitation and river) infiltration into groundwater is estimated to 
increase from today’s 84 Mm3/year to 89 Mm3/year. In the period 2071-2100 this quantity should, according 
to RegCM3 decrease to 86 Mm3/year and even to 75 Mm3/year according to ALADIN. For the Mura valley, 
mean annual groundwater recharge from precipitation varies from 63 Mm3/year (ALADIN) to 58 Mm3/year 
(RegCM3) (1971-2000), taking into account the Mura river, total infiltration is about 75 Mm3/year. In the 
period 2021-2050 the total (precipitation and river) infiltration into groundwater is estimated to 73 Mm3/year 
according to both climate models. In the period 2071-2100 the groundwater recharge will be reduced to 48 
Mm3/year (ALADIN) or to 75 Mm3/year (RegCM3).

Discussion and Conclusions

Water balance results have shown decrease of groundwater recharge in the Ljubljana field as well as in the 
Mura valley in the future. In the period 2021-2050 the groundwater recharge will decrease up to 10% and in 
the period 2071-2100 up to 15%. This could also be a socio economic and political issue, since already now 
there is a great competition for water, mainly among public water supply and agriculture, especially in summer 
months. 

It could be concluded, from the current available groundwater data, that the anthropogenic activities modify 
the observed aquifer areas, already, impact the hydrological balance, reduce the aquifer recharge, influence the 
groundwater flow characteristics, change the water source availability and restoration and influence the quality 
of groundwater, whereas agricultural activities impact the water quality. If to all this, the climate variability 
and change through recharge processes due to climate changes is added, significant changes in the availability 
of groundwater could be expected in the future, especially in the areas where groundwater is already stressed.
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Abstract

In Serbia climate zones vegetation types are represented by typical association of Quercetum frainetto-cerris. 
The paper will shown data of soil moisture content and water quality monitoring for this vegetation type in 
2009, 2010, 2011 and 2012 year.

The average monthly air temperature and relative air humidity are shown for July and August (the period in 
year with the most prominent extremes). Thus, the average monthly temperature in July was the lowest in 
2010. year (21.2ºC), and the highest in 2012. year (25.2ºC). Compared to the average air temperature in July, 
in August, the highest average monthly air temperatures recorded in 2012. year (25.2ºC), and the lowest in 
2010. year (21.7ºC).

In the period of research the greatest anomaly was recorded in September 2011 and 2012. year. The average 
mean monthly air temperature was 20.9ºC. This temperature was in comparison to 2009. and 2010. higher by 
2,1 and 4.9ºC respectivily.

The average relative humidity in this period was lowest in August. The lowest value was in august 2012 
(48,6%), and the highest in 2010 (79,2%).

The quantity of available water depended on hydrological conditions throughout the year. If hydrological 
conditions were closer to normal, the water soil supply was higher (year 2010). Long periods of drought led 
to relatively uniform reductions in the quantities of available water in the soil, and thereby caused unfavorable 
conditions for plant growth.

Soil solution pH was weakly acidic to neutral. Conductivity varied in the range of 15.674 to 29.025 μmol/l. 
Magnesium concentracion in soil solution was between 1.235 and 4.990 mg/l, and the calcium from 24.760 to 
42,606 mg/l.
 
* This study is results of project III 43002 financed by Ministry of Education and Science of Republic Serbia.

Keywords:Quercus frainetto, Quercus cerris, monitoring, soil moisture, water quality

Introduction
 
Monitoring of site conditions is an important issue of research in science today. In research a special importance 
belongs to the climate zones vegetation types. In Serbia climate zones vegetation types are represented by 
typical association of Quercetum frainetto-cerris (Jović et al., 1991, Tomić 1992).

Available observational evidence indicate that global climate change as a result of natural forcing and human 
activity are consistent in direction and coherent across diverse localities and regions with the expected effects 
of regional changes in air temperature (IPCC, 2001). 
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The most severe drought in 2000 with extremely high air temperatures, and without snowcover during winter 
2000/2001 were only some of the last in the series of climate extrems in the region of South Europe. Extreme 
climate events such as spring temperature fluctuations and summer drought  will increase  in frequency  and  
duration. In  combination  with  a raised mean  temperature,  climate  extremes  will negatively    affect    trees    
and    increase    their susceptibility  to  secondary  damage  through  pests and pathogens.  Extreme events 
are likely to have a profound  affect  on  Europe’s  forests  and  natural resources,  for  example  on  boreal  
(Schlyter  et  al., 2006),  alpine  (Fuhrer  et  al.,  2006)  and  lowland forests (Dorland et al., 1999).

The paper will shown data of site conditions for typical association of Quercetum frainetto-cerris in 2009, 
2010, 2011 and 2012 year.

Materials and methods

Research was conducted in the associations Quercetum frainetto-cerris (locality: PE Srbijiasume, Kragujevac, 
Topola). Data on microclimate indicators were collected during a year 2009, 2010, 2011 and 2012. year 
(temperature, relative humidity).

Climatological data are analyzed on the basis of annual report of Republic Hydrometeorological Service of 
Serbia (2009, 2010). 

Soil moisture content (% mass) was determined on 10, 30 and 50 cm of soil depth. Soil volume was determined 
in Kopetcky cilindres. Water quality in soil solution was determined by ICP manual for soil solution (part 11).

Results and discussion
 
Increasing annual air temperature is registered throughout the entire territory of Serbia (Spasov et al., 2001). 
This climate observation proved the existence of warming trend and correlation that the 12 hottest years 
observed globally since 1880 all occurred between 1990 and 2005 (Lindner et al., 2010). The mean annual air 
tempereture and precipitation for Kragujevac for period 1960-91 are shown in graph. 1.

Graph 1: Mean annual air temperature and precipitation for period 1961-1990

Mean annual air temperature for period 1961-1990 (graph 1.) in Kragujevac was in 2009 and 2010 higher in 
June (for more than 1°C), and in July and August (for more than  2°C) – graph 2.

PrecipitationT C
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Graph 2: Mean annual air temperature for period 1961-1990, 2009 and 2010

The largest decrease of precipitation (to the period 1960-91) was recorded in July (graph 3.).

Graph 3: Precipitation for period 1961-1990, 2009 and 2010

This data indicate unfavorable climatic conditions and also showed risks to drought. The previous research 
of climatic conditions in Serbia also showed severe drought (Bošnjak,1997; Dragović,1997; Jovanović and 
Popović, 1997; Spasova et al.,1997; Spasova et al., 1999; Spasov and Zelenhasić, 1990; Spasov, 1997; Spasov 
and Spasova; 2001; Stojšić and Škorić, 1997). Few aspects, very important for each drought analysis are: 
time period (duration of drought), possibility (expected frequency of drought phenomenon) and deficit of 
precipitations (drought intensity).

On the climate diagrame (graph 4. and graph 5.) are shown the water deficit in 2009 and 2010 was in July, 
August and September. 

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Graph 4: Climate diagram for 2009

Graph 5: Climate diagram for 2010

The average monthly air temperature in Quercus frainetto-cerris forests are shown in table 1. 

Table 1. Mean montly temperature in Quercus frainetto-cerris forests
I II III IV V VI VII VIII IX X XI XII

2009 0,5 2,3 7,1 13,6 17,2 20,4 22,2 22,3 18,8 12,2 9,6 3,3
2010 -0,2 3,1 7,6 12,4 15,8 19,0 21,2 21,7 16,0 12,3 8,8 0,5
2011 1,3 0,8 7,2 12,4 16,3 20,6 21,6 23,2 20,9 11,7 3,8 4,2
2012 0,7 -3,9 9,2 13,0 15,9 21,9 25,2 25,2 20,9 15,1 9,6 0,5

The period in year with the most prominent extremes are July and August. Thus, the average monthly 
temperature in July was the lowest in 2010. year (21.2ºC), and the highest in 2012. year (25.2ºC). Compared to 
the average air temperature in July, in August, the highest average monthly air temperatures recorded in 2012. 
year (25.2ºC), and the lowest in 2010. year (21.7ºC).



257

In the period of research the greatest anomaly was recorded in September 2011 and 2012. year. The average 
mean monthly air temperature was 20.9ºC. This temperature was in comparison to 2009. and 2010. higher by 
2,1 and 4.9ºC respectivily.

Mean montly realtive humidity was the lowest in August and September 2009, 2011 and 2012 (table 2).

Table 2. Mean montly relative humidity in Quercus frainetto-cerris forests
I II III IV V VI VII VIII IX X XI XII

2009 90,2 85,2 70,0 72,5 79,5 80,1 70,4 69,5 68,8 83,6 81,1 93,1
2010 93,2 85,1 71,4 72,0 81,9 88,8 85,0 79,2 81,4 96,1 75,5 89,5
2011 89,9 88,0 87,0 83,6 71,5 75,7 73,0 63,3 66,8 85,1 88,0 88,8
2012 91,3 87,2 58,5 71,6 79,0 70,7 60,6 48,6 58,5 85,0 86,2 87,5

The simulation of the effects of possible factors on the development of investigated sites in altered climatic 
conditions can be derived based on research that was conducted during the years 2009, 2010, 2011 and 2012 
year. The quantity of available water depended on hydrological conditions throughout the year (Graph. 10, 11, 
12 and 13). If hydrological conditions were closer to normal, the water soil supply was higher (year 2010). 
Long periods of drought led to relatively uniform reductions in the quantities of available water in the soil, and 
thereby caused unfavorable conditions for plant growth.

Graph 6: Volumetric soil moisture content (%) - April Graph 7: Volumetric soil moisture content (%) – June

Graph 8: Volumetric soil moisture content (%) – August Graph 9: Volumetric soil moisture content (%) – November

There is no sufficient information available regarding the sensitivity of ecosystems to climate changes over the 
long-term, and thus it is necessary to conduct monitoring over longer periods.

Water quality (autumn 2009/spring 2010 and autumn 2010/spring 2011)  in the lysimeters are shown in the 
table 3.
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Table 3. Water quality in the lysimeters

pH
Alkalinity Conductivity

Mg K Ca
P-PO4

3- N-NH4+ N-NO3- t
285,2 nm 766,5 nm 422,7 nm

μmol/l µS/cm mg/l mg/l mg/l mg/l mg/l [mg/l mg/l
Autumn 
2009/
Spring 
2010

7.06 29.025 494.1 1.235 1.272 42.606 3.346 0.776 0.445 46.363

Autumn 
2010/
Spring 
2011

6.80 15.674 328.0 4.990 1.940 24.760 2.965 0.877 1.500 20.680

 
Soil solution pH was weakly acidic to neutral. Conductivity varied in the range of 15.674 to 29.025 μmol/l. 
Magnesium concentracion in soil solution was between 1.235 and 4.990 mg/l, and the calcium from 24.760 to 
42,606 mg/l. 

Conclusion

Increasing annual air temperature is registered throughout the entire territory of Serbia. 

Mean annual air temperature for period 1961-1990 in Kragujevac was in 2009 and 2010 higher in June (for 
more than 1°C), and in July and August (for more than  2°C) . The largest decrease of precipitation (to the 
period 1960-91) was recorded in July. The water deficit in 2009, 2010 and 2012 was in July, August and 
September. 

The period in year with the most prominent extremes are July and August. In the period of research the greatest 
anomaly to perid 1961-1990 was recorded in September 2011and 2012. 

Long periods of drought led to relatively uniform reductions in the quantities of available water in the soil, and 
thereby caused unfavorable conditions for plant growth.

Soil solution pH was weakly acidic to neutral. Conductivity varied in the range of 15.674 to 29.025 μmol/l. 
Magnesium concentracion in soil solution was between 1.235 and 4.990 mg/l, and the calcium from 24.760 to 
42,606 mg/l. 

There is no sufficient information available regarding the sensitivity of ecosystems to climate changes over the 
long-term, and thus it is necessary to conduct monitoring over longer periods.
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Abstract

Agriculture in Serbia is largely rainfed, meaning that it directly depends on weather conditions. Most plants 
are produced in Serbia’s lowlands exposed to different meteorological circumstances, depending on the 
geographical position of a particular area. The region that features the best conditions in Serbia’s lowlands 
with regard to abundance of precipitation is the Mačva-Kolubara region in western Serbia. The objectives of 
this research are to present moisture conditions in the rainy Mačva-Kolubara region based on an assessment 
of 51-year weather data, to show whether the natural rainfall regime meets the water demand of plants and to 
determine if there is a long-term trend in varying moisture conditions.                                       

Historic weather data covering a period of 51 hydrologic years (October to September of the following year), 
from 1961/62 to 2011/12, were used. The data were collected from two weather stations: at Loznica in the 
Mačva District and Valjevo in the Kolubara District. Moisture conditions were analyzed from meteorological 
and agricultural drought perspectives. Meteorological drought was assessed applying the six-month 
standardized precipitation index (SPI-6) at 30 September, while agricultural drought (from the standpoint 
of effective plant production) was analyzed in terms of the difference between precipitation and reference 
potential evapotranspiration (ETo, determined by the Penman-Monteith method), as well as the moisture 
availability index – MAI (Hargreaves, 1977). 

Climate monitoring data show that the 1961/62-2011/12 average annual air temperature in the Mačva-Kolubara 
region was 11.3oC (Loznica 11.4oC, Valjevo 11.2oC), and that the average temperature during the growing 
season of spring-sown crops (April to September) was about 17.8oC (Loznica 17.8oC, Valjevo 17.8oC). The 
51-year period exhibits an upward air temperature trend for both average annual and growing season (April to 
September) temperatures. If the study period (1961/62-2011/12) is divided into the former three and latter two 
decades, the second time interval features an average annual temperature increase of 0.9oC, and an average 
growing season temperature increase of 1.3oC (Loznica 1.3oC, Valjevo 1.2oC), relative to the first time interval. 

The 1961/62-2011/12 average annual amount of precipitation in the Mačva-Kolubara region was 815mm 
(Loznica 842mm, Valjevo 787mm), and during the summer period (April to September) the average was 
466mm (Loznica 473mm, Valjevo 459mm). In the latter two decades, the average amount of summer (April to 
September) rainfall was slightly lower than in the former period (Mačva 11mm less and Kolubara 16mm less). 

SPI-6 indicates that out of the 51 growing seasons, drought conditions existed to a greater or lesser extent 
during 29% of the time. Additionally, SPI-6 for the latter two decades (1991/1992-2011/2012) shows a higher 
incidence of dry growing seasons (April to September), as well as more extreme departures from the norm that 
reflect more abundant moisture or more severe droughts than in the former three decades.

ETo analyses suggest that a standard growing season for spring-sown crops (April to September) in the Mačva-
Kolubara region requires 594mm of water (Loznica 586mm, Valjevo 602mm). Given that the average amount 
of rainfall during the growing season was 466mm (Loznica 473mm, Valjevo 459mm), the average water deficit 
(disregarding stored winter moisture) was 128mm (Loznica 113mm, Valjevo 143mm). It should be noted 
that the water deficit during the latter two decades was considerably greater than in the former three decades. 
During the former period (1961/62-1990/91), it was 96mm on average (Loznica 86mm, Valjevo 106mm), 
while in the latter two decades it was as much as 174mm (Loznica 151mm, Valjevo 198mm). 
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If a rainfall deficit of up to 1/3 of plant water demand is considered to be a relatively favorable level of 
moisture, then the moisture availability index (MAI) shows that for 45% of the total duration of the growing 
seasons (April to September) the plants suffered from a water stress greater than 1/3 and at times even greater 
than 2/3 of their water demand (semi-arid and arid conditions). Chronologically, the MAI indicates a notable 
increase in semi-arid and arid conditions in the latter two decades. In the former three decades, for 39% of the 
total duration of the growing seasons, plants suffered from a water stress greater than 1/3 and at times even 
greater than 2/3 of their water demand, while in the latter two decades semi-arid and arid conditions were felt 
during 52% of the total growing season time. The driest months were July and August. MAI levels indicate 
that during the 51-year study period, 61% of these months on average were semi-arid or arid. Also, more dry 
months were recorded in the latter two than in the former three decades. Compared to the average of 53% (or 
every other year) for the former three decades, semi-arid and arid July and August occurred in 71% of all cases 
in the latter two decades, or roughly in three of every four years.  

The results show that even the rainiest regions of Serbia suffer from insufficient rainfall for effective rainfed 
agriculture. In view of the recorded upward air temperature trend and escalating dry conditions, as well as the 
projected climate change impact expected to result in more frequent and more severe droughts in the summer, 
crops are likely to be exposed to an increasing water deficit that will reduce yields, particularly of spring-sown 
crops. Any serious agricultural production in Serbia will not be feasible without a systematic and programmed 
approach to the resolution of drought issues, requiring measures aimed at adapting agricultural production to 
predicted climate change impacts. 

Keywords: Drought, Standardized precipitation index, Plant water deficit, Moisture availability index, Serbia

Introduction

There are no accurate data on the size of irrigated land in Serbia. It is a fact, however, that agriculture is largely 
rainfed, meaning that it depends solely on weather conditions. Most plants are produced in Serbia’s lowlands 
exposed to different meteorological circumstances, depending on the geographical position of a particular 
area. The amount of precipitation, which is the main driver of rainfed agriculture, governed the choice of the 
study area. The Mačva-Kolubara region was selected because it features the highest precipitation totals among 
Serbia’s agricultural regions. 

The objectives of this research are to present moisture conditions in the rainy Mačva-Kolubara region based on 
an assessment of long-term weather data, to show whether the natural rainfall regime meets the water demand 
of plants in this superior region of Serbia from a precipitation abundance perspective, and to determine if there 
is any long-term trend in varying moisture conditions.
                                         
Moisture conditions, or the frequency and severity of droughts in Serbia, have been studied by many 
researchers (Bošnjak 1993, 2001, 2004; Bošnjak and Mačkić 2009; Spasov et al., 2009; Dragović et al., 2004, 
2008; Dragović and Maksimović 1995; Matović et al., 2013; Stričević et al. 2010). Today, given that there is 
much discussion about global warming and mitigation measures, as well as climate change in general and its 
expected impacts, drought is becoming an increasingly topical issue. It is especially relevant in areas where 
rising temperatures and protracted and increasingly severe droughts are expected, including the territory of 
Serbia (Alcamo et al., 2007; Olesen et al., 2011).

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 
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Methods

The present research was conducted in the Mačva-Kolubara region. The representative weather stations from 
which climate parameters were collected were Loznica in the Mačva District and Valjevo in the Kolubara 
District. The data were obtained from the National Hydrometeorological Service of Serbia. They were 
processed by hydrological year, from October to September of the following year. A period of 51 years, from 
1961/62 to 2011/12, was assessed.

Moisture conditions were analyzed from meteorological and agricultural drought perspectives. Meteorological 
drought during the growing seasons (April to September) was assessed applying the six-month standardized 
precipitation index (SPI-6) at 30 September (McKee et al., 1993), while agricultural drought was analyzed 
in terms of the difference between precipitation and reference potential evapotranspiration (ETo, determined 
by the Penman-Monteith method, (Allen et al., 1998)), as well as the moisture availability index (MAI, 
Hargreaves, 1977). 

Results and Discussion

The Mačva-Kolubara region is located in the northwestern part of central Serbia (Figure 1). It borders on the 
Sava River to the north, the Drina River to the west, the Zlatibor and Moravica districts to the south and the 
Šumadija and Belgrade districts to the east. Large lowlands, fertile soil, rich hydrography (the Sava, Drina and 
Kolubara rivers and their numerous tributaries) and favorable climate have all contributed to the importance of 
this region for agricultural activity. As a result, plowland accounts for some 70% of all agricultural land in the 
Mačva-Kolubara region (80% in Mačva and 61% in Kolubara) (National Statistical Office, 2010). 

Figure 1: Location of the Mačva-Kolubara region in Serbia.

Climate parameters

The Mačva-Kolubara region features a moderate continental climate, with an average annual (1961/62-2011/12) 
air temperature of 11.3oC (Table 1) and an average air temperature during the growing season for spring-sown 
crops (April to September) of 17.8oC. The temperatures in this region are close to the average temperatures 
of agricultural (lowland) areas in all of Serbia (Matović et al., 2013). However, the Mačva-Kolubara region 
receives larger amounts of precipitation than the other agricultural (lowland) areas in Serbia. For example, the 
average annual (1961/62-2011/12) amount of precipitation in the Mačva.

internatiOnal cOnference - climate change imPactS On Water reSOurceS
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Table 1. Average air temperatures, precipitation totals, potential evapotranspiration rates, numbers of 
tropical days and climate deficit in the Valjevo and Loznica areas

Period

Temperature (oC) Precipitation (mm)
Potential 

evapotranspiration 
(mm) Tropical 

days

Deficit P-ETo (mm)

Hydr. 
year

Grow. season  
(Apr-Sept)

Hydr. 
year

Grow. season  
(Apr-Sept)

Hydr. 
year

Grow. 
season  

(Apr-Sept)

Hydr. 
year

Grow. season  
(Apr-Sept)

 Valjevo
1961/62-1990/91 10.9 17.3 783 465 731 571 23 52 -106
1991/92-2011/12 11.7 18.5 792 449 833 647 39 -41 -198
1961/62-2011/12 11.2 17.8 787 459 773 602 30 14 -143

 Loznica
1961/62-1990/91 11.0 17.3 825 478 713 564 28 112 -86
1991/92-2011/12 12.0 18.6 868 467 780 618 41 88 -151
1961/62-2011/12 11.4 17.8 842 473 741 586 33 101 -113

 Average 
1961/62-1990/91 10.9 17.3 804 471 722 567 25 82 -96
1991/92-2011/12 11.8 18.6 830 458 807 632 40 23 -174
1961/62-2011/12 11.3 17.8 815 466 757 594 31 58 -128

Kolubara region was 815mm (Loznica 842mm, Valjevo 787mm) (Table 1), while the average for all agricultural 
regions of Serbia was 641mm (Matović et al., 2013). The largest differences were recorded in the growing 
seasons (April to September), when this district received 100mm more rainfall than Serbia’s average for 
agricultural regions. During the growing seasons (April to September), the average for the Mačva-Kolubara 
region was 466mm of rainfall (Loznica 473mm, Valjevo 459mm) (Table 1), while the average for all of Serbia’s 
agricultural regions was 365mm (Matović et al., 2013).

The mean monthly distribution (1961/62-2011/12) shows that the study area received the most rainfall in June 
(105mm), and the least in February (48mm) (Figure 2). Air temperatures peaked in June (21.4oC) and were the 
lowest in January (0.3oC).

Figure 2: Average monthly (1961/62-2011/12) air temperatures and precipitation totals in the Mačva-
Kolubara region.

Climate trend 

Average annual air temperatures, as well as average temperatures for the growing seasons (April to September) 
in the 51-year period (1961/62-2011/12), indicate an upward temperature trend in the Mačva-Kolubara region 
(Figure 3). Over the past two decades, the average annual temperature has increased by 0.8oC and the average 
for the growing seasons (April to September) by as much as 1.2oC, relative to the previous 30-year period 
(Table 1). 
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The number of tropical days (Tmax>35oC) in the Mačva-Kolubara region also increased during the past 20 
years. From 1961/62 to 1990/91 the average was 25 tropical days, while from 1991/92 to 2011/12 it was as 
much as 40 days (Table 1).

Figure 3: Upward annual air temperature trend in the Mačva-Kolubara region.

Precipitation totals varied from year to year, exhibiting no particular upward or downward trend. In the latter 
two decades, annual precipitation totals increased by 26mm relative to the former 30-year period (Table 
1). However, monthly distributions show that precipitation levels increased during the winter months and 
decreased during the summer months. The average summer (April to September) precipitation totals decreased 
by about 13mm (Mačva 11mm and Kolubara16mm), compared to the former 30-year period (Table 1). 

The upward air temperature trend in Serbia has also been discussed by Popović et al. (2009). They presented 
annual air temperatures in Belgrade from 1890 to 2010, claiming rather convincingly that at the end of the 
1990’s Serbia left the “normal range and entered the warm range”.

Spasov et al. (2009) concluded that increasing air temperatures have affected the length of the growing season. 
Based on an assessment of average daily air temperatures during the period from 1949 to 2008, they found 
that the growing season (Tav>5oC) began earlier in the Vojvodina Province and lasted longer during the last 
two decades of their research. The growing season lasted 251 days on average from 1949 to 1978, while from 
1989 to 2008 it began 10 days earlier and lasted longer by as much as 10 days (Spasov et al., 2009). The same 
authors (Spasov et al., 2009) also assessed the frequency of heat waves during the critical periods for spring-
sown crops (1 July to 15 August) and winter-sown crops (15 May to 13 June) in Serbia. They found a greater 
frequency of heat waves in the last few decades, which lasted longer and were more severe on average.

Assessment of moisture conditions 

The Standardized Precipitation Index (SPI-6)

The Standardized Precipitation Index (SPI-6), a parameter that depends solely on precipitation and defines 
general moisture conditions, shows that in the Mačva-Kolubara region 29% of the 51 growing seasons exhibited 
varying degrees of drought (Figure 4). Dry growing seasons (April to September) have been more frequent, as 
were more extreme departures from the norm in the latter two decades (1991/1992-2011/2012), indicative of 
more abundant moisture or more severe droughts than in the former three decades.
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Moisture conditions SPI 

Exceptional drought  ≤ -2.326

Extreme drought -2.326 to -1.645

Severe drought -1.645 to -1.282

Moderate drought -1.282 to -0.935

Minor drought -0.935 to -0.524

Near normal -0.524 to +0.524

Slightly increased moisture +0.524 to +0.935

Moderately increased  moisture +0.935 to +1.282

Considerably increased moisture +1.282 to +1.645

Extremely wet +1.645 to +2.326

Exceptionally wet  ≥ +2.326

Figure 4:  General characteristics of moisture conditions during the growing season (April to September, 
1961/62-2011/12) in the Mačva-Kolubara region, based on SPI-6.

Plant water deficit (P-ETo)

To assess water availability to plants, it is important to examine their water demand in a particular area and the 
amount of accessible water. Plant water demand is determined by the reference potential evapotranspiration 
rate (ETo). 

Figure 5: Distributions of average monthly precipitation totals (1961/62-2011/12) and reference potential 
evapotranspiration rates (ETo) in the Mačva-Kolubara region. 

From the standpoint of an entire hydrological year, the Mačva-Kolubara region abounded in precipitation, to 
an extent that exceeded potential plant consumption (Table 1). However, precipitation distributions did not 
match the water demand of plants, such that there was excess moisture in the winter and a moisture deficit in 
the summer (Figure 5). During a normal growing season for spring-sown crops (April to September) in the 
Mačva-Kolubara region, plants needed 594mm of water on average (Table 1). The average amount of rainfall 
was 466mm, meaning that plants lacked 128mm of water (disregarding any stored winter moisture). The plant 
water deficit was found to be considerably greater in the latter two decades than in the former three. From 
1961/62 to 1990/91 it was 96mm on average, while in the latter two decades it almost doubled and amounted 
to 174mm (Table 1). 
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Moisture Availability Index (MAI)

According to Hargreaves (1977, 1992), semi-arid and arid conditions are dry conditions that prevent effective 
agricultural production. Semi-arid conditions exist where the water deficit is between 1/3 and 2/3 of plant 
demand, while arid conditions imply a water deficit greater than 2/3 of plant demand. Monthly MAIs for the 
51-year period (1961/62-2011/12) show that the crops in the Mačva-Kolubara region were exposed to semi-
arid or arid conditions for nearly half (44%) of the total duration of the growing seasons from 1961/62 to 
2011/12, with increasingly dry conditions in the latter two decades. In the former three decades, 39% of the 
total duration of the growing seasons was semi-arid or arid, increasing to 51% in the latter two decades. MAIs 
indicate the greatest drought severity in July and August. During the examined period of 51 years, 61% of these 
months on average were semi-arid or arid (Table 2). Additionally, a greater number of dry months of July and 
August were recorded in the latter two decades than previously. From an average of 53% (or every other year) 
in the former three decades, the incidence of semi-arid or arid months of July and August grew to 71% (or 
roughly three of every four years) in the latter two decades.

Table 2. Proportion (%) of semi-arid and arid conditions in the Mačva-Kolubara region, based on monthly 
moisture availability index

 % of months featuring semi-arid and arid conditions

Loznica
April May June July August Sept.

1961/62-1990/91 13.3 43.3 26.7 i53.3 43.3 36.7
1991/92-2011/12 33.3 42.9 33.3 71.4 76.2 33.3
1961/62-2011/12 21.6 43.1 29.4 60.8 56.9 35.3

 Valjevo
1961/62-1990/91 16.7 43.3 30.0 53.3 60.0 46.7
1991/92-2011/12 38.1 42.9 47.6 71.4 66.7 47.6
1961/62-2011/12 25.5 43.1 37.3 60.8 62.7 47.1

 Mačva-Kolubara region (average)
1961/62-1990/91 15.0 43.3 28.3 53.3 51.7 41.7
1991/92-2011/12 35.7 42.9 40.5 71.4 71.4 40.5
1961/62-2011/12 23.5 43.1 33.3 60.8 59.8 41.2

Considering that the “critical” period in terms of water demand for most plant species is July and August, it 
follows that during the latter two decades plants in the Mačva-Kolubara region had access to sufficient amounts 
of water (to an extent that ensured normal growth and no significant reduction in ultimate yields) in one of 
every four years. Bošnjak (2004) found that semi-arid and arid conditions during the summer in Vojvodina 
existed in 54% of the total duration of the examined summer periods. The average duration of dry conditions in 
Vojvodina was longer than in the Mačva-Kolubara region, which was as expected given that the latter received 
more precipitation while the temperature regimes of the two exhibited no significant differences. 
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Conclusion

The Mačva-Kolubara region is an important agricultural area of Serbia, which features higher annual and 
growing season (April to September) precipitation totals than the other agricultural areas of Serbia. Air 
temperatures in this region have been found to exhibit an upward trend. The number of tropical days has also 
increased during the past two decades, compared to the previous 30 years. 

All the parameters used to assess moisture conditions (Standardized Precipitation Index (SPI-6), water deficit 
(P-ETo), Moisture Availability Index (MAI)) corroborated a greater frequency of dry growing seasons and 
more severe droughts in the latter two than in the former three decades.

Semi-arid and arid conditions (according to the MAI), as indicators of severe or extreme droughts, were 
especially pronounced in the Mačva-Kolubara region in July and August. Semi-arid and arid July and August 
were recorded in three of every four years of the past two decades, in a region of Serbia that enjoys the 
most favorable precipitation regime for agricultural production. Given that projections suggest a further air 
temperature increase and the occurrence of increasingly long and severe droughts in this region, the importance 
of the drought issue seems obvious. Spring-sown crops are the most threatened in this part of the world 
(Audsley et al., 2006), such that efforts to cope with drought and adapt to climate change need to focus 
primarily on these crops. 

Acknowledgements

This study was supported by Serbian Ministry of Education and Science  ( Projects TR 31005 and TR 37005 ).

Water fOr SuStainable develOPment and adaPtatiOn tO climate change centre 



268

Reference

1. Alcamo, J.; Moreno J.M.; Nováky, B.; Bindi, M.; Corobov, R.; Devoy, R.J.N.; Giannakopoulos, C.; 
Martin, E.; Olesen, J.E. & Shvidenko, A., 2007. Europe. Climate Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden & C.E. Hanson, 
(Ed.), 541-580, Cambridge University Press, Cambridge, UK.

2. Allen, R.G., Pereira, L.S., Raes, D., Smith, M., 1998. Crop evapotranspiration. Guidelines for computing 
crop water requirements. FAO irrigation and Drainage Paper No. 56, FAO, Rome, Italy.

3. Audsley, E., Pearn, K.R., Simota, C., Cojocaru, G., Koutsidou, E., Rounsevell, M.D.A., Trnka, M., 
Alexandrov, V., 2006. What can scenario modelling tell us about future European scale agricultural land 
use, and what not? Environmental Science & Policy 9, 148-168.

4. Bošnjak, Đ., 1993: Stanje, posledice i predviđanje suše u Vojvodini. Zbornik radova Naučnog instituta za 
ratarstvo i povrtarstvo, Novi Sad, 21, str.85-89

5. Bošnjak, Đ., 2001: Problemi suše u Vojvodini i mere borbe protiv nje. Zbornik radova Instituta za ratarstvo 
i povrtarstvo, (35), pp. 391-401.

6. Bošnjak, Đ., 2004: Suša i njen odnos prema ratarskoj proizvodnji u Vojvodi. Zbornik radova Instituta za 
ratarstvo i povrtarstvo, br. 40, str. 45-55

7. Dragović S, L. Maksimović,1995, Drought phenomenon and impact on crop yields in the Vojvodina 
province, Yugoslavia. Proseedings of the International Workshop on Drought in the Carpatian Region, 
Budapest, 207-217.

8. Dragović S., L. Maksimović, M. Cicmil, V. Radojević, 2004, Relationships Between Drought Intensity 
and Crop Production in Serbia and Montenegro. Proceedings of Conference on Water observation and 
information system for decision support, BALWOIS, Ohrid, Republic of Macedonia, CD

9. Dragović S., M. Cicmil, L. Radonjić, V. Radojević. 2008 , The Intensity and impact Drought on Crop 
Production and Posibilities of Mitigation in Serbia. Drouth management: Scientific and technological 
innovations-OPTIONS-mediterraneennes, Seria A, No.80, Zaragoza- Španija, 101-105.

10. Hargreaves, G.H.,1977: World Water for Agriculture. Agency for Internacional Development.  Washington 
D.C.

11. Hargreaves, G.H.,1992: Defining and preparing for Drought in Europe. ICID 16th European Regional 
Conference “Drought Phenomena”. Proc. Vol.1 (171-177). Budapest 

12. Matovic, G., Gregoric, E., Glamoclija, Dj., 2013. Crop production and drought in Serbia in light of climate 
change (Chapter 12). Agriculture in Serbia and Portugal: Recent Developments and Economic Policy 
Implications. Faculty of Economics of the University of Coimbra. Portugal, pp. 264-286.

13. McKee, T.B., Doesken, N.J., Kleist, J., 1993. The relationship of drought frequency and duration to time 
scales. In: Proceedings of the 8th Conference on Applied Climatology. American Meteorological Society, 
Boston, MA, pp 179–184.

14. Olesen, J.E., Carter, T.R., Diaz-Ambrona, C.H., Fronzek, S., Heidmann, T., Hickler, T., Holt, T., Minguez, 
M.I., Morales, P., Palutikof, J.P., Quemada, M., Ruiz-Ramos, M., Rubæk, G.H., Sau, F., Smith, B., Sykes, 
M.T., 2007. Uncertainties in projected impacts of climate change on European agriculture and terrestrial 
ecosystems based on scenarios from regional climate models. Climatic Change 81,123–143

15. Olesen, J.E., Trnka, M., Kersebaum, K.C., Skjelvåg, A.O., Seguin, B., Peltonen-Sainio, P., Rossi, F., 
Kozyra, J., Micale, F. 2011: Impacts and adaptation of European crop production systems to climate 
change. European Journal of Agronomy, Volume 34, Issue 2, February 2011, Pages 96–112. 

16. Popović T., V. Đurđević, M. Živković, B. Jović, M. Jovanoviić, 2009: Promena Klime U Srbiji i Očekivani 
Uticaji. Peta regionalna konferencija “EnE09-Životna sredina ka Evropi”, Beograd 4-5.jun 2009.  http://
www.sepa.gov.rs/download/EnE09_T_%20Popovic_%20V_DJurdjevic%20i%20dr_Pr%20kl%20u%20
Srbija%20i%20uticaji.pdf

17. Republički zavod za statistiku: Opštine u Srbiji, 2010
18. Spasov, P., Krainović, Z., Radovanović, S., Radičević, Z., 2009: Monitoring uslova vlažnosti/suše u Srbiji 

- Analiza promena u pojavi suše i toplotnim uslovima. “Klimatske promene i poljoprivredna proizvodnja 
u Srbiji”-drugi nacionalni skup; Novi Sad, februar 2009.

19. Stricevic R., Djurovic N., Djurovic Z., 2010. Drought classification in northern serbia based on spi and 
statistical pattern recognition.  Meteorol. Appl. 18, 60–69.



269

the fOreSt and Water reSOurceS in rOmania

Ion Codruţ Bîlea1, Petrişor Vică1, Liviu Pavel1, Cristinel Constandache2, Sanda 
Nistor2

1National Forest Administration – ROMSILVA
2Forest Research and Management Institute – Focşani Resort
bileacodrut@yahoo.com, petrisor.vica@gmail.com, liviupavel67@yahoo.com, cicon66@yahoo.
com, nistorsanda@yahoo.com

Summary

The usable quantity of water depends on many factors which are variable on Earth surface, but are also having 
a significant variability in time. Thus, the amount of surface water is directly influenced by the amount of 
rainfall, vegetation cover characteristics, consumption by vegetations evapotranspiration in the area / river 
basin of origin.

The Carpathian Mountains of Romania are the main water source for the most part of the country. Forest 
ecosystems play an essential role in retention, water filtering water and are providing water balance in a river 
basin. 

In recent decades, together with the increasing effect of global warming and, thereof as a consequence of it, it 
can be remarked from one year to another the amplification of variability of rainfall quantities, the increasing 
of their aggression (an increased frequency of heavy rainfall) that leads to the emphasis of leakage rain / water 
loss , the gradual increase in average of annual temperatures which lead to higher frequency of droughts, 
accompanied by decrease in stocks of water in lakes and rivers, needful to meet water requirements.

The leakage rains fom steep land, disgraced and unappropriated used are leading to significant losses of water 
and also, are leading to the acceleration of the erosion processes. The torrential actions and land degradation 
actions are bringing high economic and social harm. The silts from the river basin is one of the most important 
causes of weathered water quality.

The errosion is bringing significant soil losses on agricultural lands in our country, estimated to about 150 
million tonnes per year, out of which over one third are carried to the Black Sea. The carried silts are increasing 
the river flows, are rushing the lakes clogging, are raising the basic level of water courses, all this toghether 
favoring flooding, water loss and the water quality. Therefore, the amount of material carried from the 
excessively eroded lands it often exceeds 100 m3. ha-1.an-1.

On the basis of the above mentioned processes lies the aggressively precipitation regime in condtion to the 
alteration of the vegetation and soil hydrologic functions, due to their poor management.

The afforestation of the degraded lands, the raise of forest vegetation percentage and a proper management 
ensured, are the main measures to reduce the vulnerability of water resources.

Among the most important functional effects exerted by the forest cultivations for protection from the 
weatherbeaten lands are: stabilization of land weatherbaten processes and regularization of the leakage regime 
that are affecting the soil erosion and transport of sediments, all these having as efect the maintaining of water 
quality and ensuring a permanent water flow.
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Hydrological functions of the aerial parts of vegetation are: retention of liquid precipitations; mitigation of the 
kinetic energy of intercepted raindrops (reducing of erosion), both functions being dependent  on the volume 
and consistency of vegetation mass that covers the ground. The hydrologic function of soil stays in its capacity 
to accumulate water rain (infiltration), capacity that depends on soil characteristics (the volume of active 
pore of soil, texture, compactness, etc.). Research has shown that these characteristics are more favorable on 
forested lands compared to woodland or grassland pastures.

The results of research conducted in Vrancea area (test-bed Vrancea) showed that after the installation of the 
protective forestry cultures on waterdegraded lands, occurs the reduction, to normal limits (tolerable), of the 
erosion processes and mass movement, concomitently with the reduction of liquid leakages on the slopes and 
in the river, as follows:

• the surface runoff was reduced up to 4 times on degraded lands wooded with over 20 years old pine (range 
betwen 1 to 3%), comparred to lands without forest vegetation, placed bellow 2% even in the case of rains 
over 50 l / m² / 24 hours (2.3% in exceptional circumstances, precipitation over 100l /mp/24  hours - 2005).

• the average specific erosion decreased from 50 t . ha-1.an-1 (sometimes even 300 on lands with active 
erosion, without forest vegetation) to below 1 t. 1.an ha-1 (1 t . ha-1.an-1   (0,41 t . ha-1.an-1 in pine and 
underbrush forest cultures, aged between 12 and 20 years and under 0,1 t . ha-1.an-1 in cultures older than 
25 years).

• the maximum liquid flow of floods from the whole basin was reduced by 16...36% for the rain with the 
frequency of 1/100 years, compared to the situation before the works, mainly afforestation  (for rains with 
higher frequency the effect is slightly higher).

All this aspects highlights the importance of forest ecosystems, which play an important role in retention, 
filtration and radjustment of surface water courses, if properly maintained, reducing significantly the soil 
erosion and transport of sediments, all these resulting in maintaining the water quality and ensuring a permanent 
water flow.
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