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Introduction
The Symposium Water Management in Transition Countries as Impacted by Climate Change and Other Global 
Changes, Lessons from Paleoclimate, and Regional Issues will be held under the auspices of the Serbian Government, 
the Serbian Academy of Sciences and Arts, and UNESCO. One outcome of the Symposium is meant to be input in 
defining programme areas for World Water Forum 7 in Daegu, Korea.

The Symposium is comprised of two separate conferences: (1) Water Management in Transition Countries and (2) 
Past Climate: A Lesson for the Future. Regional Climate Change Aspects.

UNESCO Category II Center: Water for Sustainable Development and Adaptation to Climate Change (WSDAC) 
and Jaroslav Černi Institute for the Development of Water Resources will coordinate the first conference, and the 
Board for the Earth Climate System and the Opus of Milutin Milankovitch of the Serbian Academy of Sciences and 
Arts will coordinate the second conference.

The International Association of Water Supply Companies in the Danube River Catchment Area (IAWD), the Serbian 
Water Pollution Control Society, the Chamber of Commerce and Industry of Serbia and the Milutin Milankovitch 
Association will support the organization of the Symposium.

Keynote presentations will be made at a plenary session on the first day, and the two conferences will take place 
during the next two days of the Symposium. 
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Will Future Sea Level Rise Exceed Projections?
Richard C. J. Somerville

Scripps Institution of Oceanography, University of California, San Diego, USA
rsomerville@ucsd.edu

Introduction

One of the most certain consequences of a warmer climate is a higher global mean sea level (GMSL). In a 
warming world, the average ocean temperature rises, and the volume of ocean water therefore increases due to 
thermal expansion. In addition, the melting of large amounts of frozen water stored in glaciers, ice caps and ice 
sheets adds to the amount of liquid water in the sea. Paleoclimatic evidence show that GMSL has increased by 
about 120 meters during the most recent glacial-interglacial cycle.

During the last half century, the climate has warmed, and the dominant cause of this recent warming has been 
shown with very high confidence to be human activities. The most important category of human activities in this 
context is the burning of fossil fuels, adding to the amount of carbon dioxide in the atmosphere. Furthermore, 
we are confident that this warming will continue during the remaining years of the 21st century and beyond. 
Quantitatively, the amount of further warming expected between now (early in the 21st century) and 2100 
depends mainly on the amount of additional carbon dioxide and other heat-trapping gases and particles that 
will be emitted into the atmosphere during this century.

Many scientific projections of future warming and other aspects of climate change, such as sea level rise, 
have been made in recent decades. These projections have been analyzed and discussed in numerous 
scientific assessments of climate change. The most well-known of these are the assessments carried out by 
the Intergovernmental Panel on Climate Change (IPCC), but other groups have also produced assessments of 
climate science. This paper surveys these assessments, together with very recent research results. A result of 
this survey is that past IPCC projections have consistently underestimated sea level rise.

In May 2014, researchers announced the discovery that an apparently inevitable collapse of parts of the West 
Antarctic Ice Sheet (WAIS) has now begun. If this finding is correct, then almost all published projections of 
sea level rise over the long term will turn out to be too low. A major remaining unknown is the time scale of 
expected future sea level rise due to WAIS collapse, a process which may require several centuries or longer.

Early Assessments by the Intergovernmental Panel on Climate Change (IPCC ) 

The IPCC was created in 1988 (Bolin, 2007) and has produced five major climate assessment reports to date, 
appearing in 1990, 1996, 2001, 2007 and 2013. In this paper, only assessments by IPCC Working Group One 
(WG I), which treats the physical science of climate change, will be considered. Two other two IPCC WGs are 
concerned with the consequences, adaptation, vulnerability and mitigation aspects of climate change. In 2007, 
the IPCC shared the Nobel Peace Prize equally with Al Gore, the former Vice President of the United States.
 
In 2007, just as the IPCC Fourth Assessment Report was appearing, a paper by seven climate scientists (I am 
one of them) appeared in Science examining how well previous IPCC projections had done when compared 
with later observations of climate change (Rahmstorf et al., 2007). Here is what we found by comparing 
observations of climate change from 1990 to 2006 with earlier sea level rise projections assessed by IPCC in 
its 2001 Third Assessment Report (TAR):
 
“Since 1990 the observed sea level has been rising faster than the rise projected by models, as shown both by 
a reconstruction using primarily tide gauge data and, since 1993, by satellite altimeter data (both series are 
corrected for glacial isostatic adjustment). The satellite data show a linear trend of 3.3 ± 0.4 mm/year (1993-
2006) and the tide gauge reconstruction trend is slightly less, whereas the IPCC projected a best-estimate rise 
of less than 2 mm/year. Sea level closely follows the upper limit referred to by IPCC as “including land-ice 
uncertainty.” The rate of rise for the past 20 years of the reconstructed sea level is 25% faster than the rate of 
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rise in any 20-year period in the preceding 115 years. Again, we caution that the time interval of overlap is 
short, so that internal decadal climate variability could cause much of the discrepancy; it would be premature 
to conclude that sea level will continue to follow this “upper limit” line in future. The largest contributions to 
the rapid rise come from ocean thermal expansion and the melting from nonpolar glaciers as a result of the 
warming mentioned above. Although the ice sheet contribution has been small, observations are indicating that 
it is rapidly increasing, with contributions both from Greenland and Antarctica. Overall, these observational 
data underscore the concerns about global climate change. Previous projections, as summarized by IPCC, have 
not exaggerated but may in some respects even have underestimated the change, in particular for sea level.”

An update of this 2007 paper appeared in 2012 and reached similar conclusions (Rahmstorf et al., 2012). Here 
is the abstract of the 2012 paper:

“We analyze global temperature and sea-level data for the past few decades and compare them to projections 
published in the third and fourth assessment reports of the Intergovernmental Panel on Climate Change (IPCC). 
The results show that global temperature continues to increase in good agreement with the best estimates of the 
IPCC, especially if we account for the effects of short-term variability due to the El Niño/Southern Oscillation, 
volcanic activity and solar variability. The rate of sea-level rise of the past few decades, on the other hand, is 
greater than projected by the IPCC models. This suggests that IPCC sea-level projections for the future may 
also be biased low.”

Sea Level Rise in the 2007 (Fourth) and 2013 (Fifth) Assessment Reports of the IPCC

The IPCC Fourth Assessment Report (AR4) included projections of global mean sea level rise for six hypothetical 
SRES scenarios.  Here SRES stands for the IPCC Special Report on Emissions Scenarios which appeared in 
2000. The six marker scenarios depict hypothetical futures with different greenhouse gas emissions, and none 
of the six includes any deliberate climate mitigation efforts such as assuming implementation of the Kyoto 
Protocol, for example. For each SRES scenario, a range of future sea level rise is assessed from a hierarchy 
of models, including a simple climate model, several Earth system models of intermediate complexity, and a 
large number of coupled atmosphere-ocean general circulation models. These ranges are given for sea level 
rise in 2090-2099 relative to 1980-1999. The ranges are fairly broad and overlap considerably. For example, 
for the lowest scenario, the range is 18 to 38 cm. For the highest scenario, the range is 26 to 59 cm. Thus, over 
the entire set of SRES scenarios and the entire hierarchy of models employed, the range for 2090-2099 relative 
to 1980-1999 is 18 to 59 cm.

These results in AR4 were accompanied by an important disclaimer, which is that they are a “model-based 
range excluding future rapid dynamical changes in ice flow.” There is a long history behind this simple 
statement. Part of this history is that the 2001 IPCC Third Assessment Report (TAR) had found that such 
changes were unlikely until after 2100.  In the words of the 2007 IPCC Fourth Assessment Report (AR4), “The 
TAR concluded that accelerated sea level rise caused by rapid dynamical response of the ice sheets to climate 
change is very unlikely during the 21st century.”

During the writing of AR4, it became clear that some sea level rise experts questioned the trustworthiness of 
the process models used to make the sea level projections assessed by IPCC. Such models attempt to simulate 
details of the physical processes that contribute to sea level rise, such as thermal expansion of the warming 
ocean and the addition of liquid water to the ocean from melting ice on land. One line of research led to the 
development of an alternative, or complement, to process models, namely a new class of models called semi-
empirical models, the first of which was described by Rahmstorf (2007). To quote the abstract of that paper,

“A semi-empirical relation is presented that connects global sea-level rise to global mean surface temperature. 
It is proposed that, for time scales relevant to anthropogenic warming, the rate of sea-level rise is roughly 
proportional to the magnitude of warming above the temperatures of the pre–Industrial Age. This holds to good 
approximation for temperature and sea-level changes during the 20th century, with a proportionality constant 
of 3.4 millimeters/year per °C. When applied to future warming scenarios of the Intergovernmental Panel on 
Climate Change, this relationship results in a projected sea-level rise in 2100 of 0.5 to 1.4 meters above the 
1990 level.”
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However, the authors of the sea-level chapter of AR4 relied on process models rather than semi-empirical 
models in developing their projections of sea-level rise. Indeed, the first semi-empirical model of Rahmstorf 
(2007) was not published until after the text of AR4 was finalized, although Rahmstorf’s results were made 
known to the IPCC authors in 2006. Thus the range of sea-level rise projected by AR4 for 2090-2099 relative 
to 1980-1999 was given by AR4 as 0.18 to 0.59 meters, excluding “excluding future rapid dynamical changes 
in ice flow.” This is less than half the range projected by Rahmstorf’s (2007) semi-empirical model.

Vermeer and Rahmstorf (2009) generalized the semi-empirical model of Rahmstorf (2007) by adding a “rapid-
response” term meant to represent fast processes such as the increase in heat content of the upper ocean mixed 
layer, which adjusts quickly to a change in surface temperature.  They obtain a range of 0.75 to 1.9 meters for 
the sea level rise over the period from 1990 to 2100.

The 2013 IPCC Fifth Assessment Report (AR5) is available online at www.ipcc.ch. AR5 continued to rely 
mainly on process models rather than semi-empirical models for sea level rise projections. However, the 
process models had by this time been developed further, resulting in sea level rise projections that were higher 
than those of AR4, while still lower than those of the semi-empirical models. The AR5 range of sea level rise 
projections by 2100 was 0.28 – 0.98 meters, when comparing the same time periods and emissions scenarios 
as AR4.

Chapter 13 of AR5 contains an extensive discussion of the strengths and weaknesses of process-based models 
and semi-empirical models. One conclusion reached in this chapter is, “there is no evidence that ice-sheet 
dynamical change is the explanation for the higher global mean sea level rise projections of semi-empirical 
models, implying that either there is some other contribution which is presently unidentified or underestimated 
by process-based models, or that the projections of semi-empirical models are overestimates. Because of the 
limited or medium evidence supporting semi-empirical models, and the low agreement about their reliability, 
we have low confidence in their projections.”

The Copenhagen Diagnosis (2009) and the U. S. National Climate Assessment (2014)

Many other climate science assessments have been carried out in addition to those of the IPCC. In general, 
other assessments lack the encyclopedic coverage and extensive reviewing of the IPCC reports, but they 
may have compensating advantages. The Copenhagen Diagnosis (Allison et al., 2009) updated AR4 results 
in preparation for an important international climate change conference held in Copenhagen, Denmark in 
December, 2009. The authors of The Copenhagen Diagnosis were a self-selected group of climate scientists, 
many with extensive IPCC experience. Their intent was to synthesize the most policy-relevant climate science 
published since the close-off date for material considered in AR4. The Copenhagen Diagnosis, citing recent 
research including Rahmstorf (2007), reached two main conclusions regarding sea level projections:

“Satellite measurements show sea level is rising at 3.4 millimeters per year since these records began in 1993. 
This is 80% faster than the best estimate of the IPCC Third Assessment Report for the same period.”

“Accounting for ice sheet mass loss, sea level rise until 2100 is likely to be at least twice as large as that 
presented by IPCC AR4, with an upper limit of ~ 2 meters based on new ice sheet understanding.”

The United States undertook a major climate assessment requiring the work for four years of more than 
300 experts guided by a 60-member advisory committee. This report, known as the Third National Climate 
Assessment, or NCA3, was released in May 2014. It is available online at http://nca2014.globalchange.gov/.

The physical science of climate change portion of this report (Walsh et al., 2014) included an assessment of 
sea level rise projections, reaching conclusions broadly consistent with those of The Copenhagen Diagnosis. 
Converting from the length units of “feet” used in the United States, NCA3 found that global sea level rise by 
2100 would lie between 0.3 and 1.2 meters. It also said, “In the context of risk-based analysis, some decision 
makers may wish to use a wider range of scenarios, from 0.2 meters to 2 meters by 2100.”
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Both The Copenhagen Diagnosis and the U. S. Third National Climate Assessment considered both process 
models and semi-empirical models of sea level rise, while pointing out that both types of models have 
limitations and shortcomings.  Both AR5 and AR4 did not rely on semi-empirical models and instead based the 
assessed projections of sea level rise on process models. It seems fair to say that the sea level expert scientific 
community remains divided as to the pros and cons of these two complementary approaches to modeling sea 
level rise. As a result, there is now a very broad range of projected sea level rises.  It should also be kept in mind 
that many papers on sea level rise have been published since 2007, so this brief account of a few highlights is 
definitely not an exhaustive survey.

Recent Research on Sea Level Rise and the Collapse of the West Antarctic Ice Sheet

In May 2014, two papers (Rignot et al., 2014 and Joughlin et al., 2014) appeared after the publication of all 
the assessments mentioned above. Both of these papers were concerned with the possible collapse of a portion 
of the West Antarctic Ice Sheet (WAIS) due to climate change. This possibility had been foreseen many years 
earlier in several papers (Mercer, 1978).

Rignot et al. (2014) used satellite data to conclude that the collapse of a portion of the WAIS had begun and 
could not be stopped. Thus, one of the “tipping points” that had long been predicted by climate scientists 
had now apparently been passed. Here is the concluding paragraph of Rignot et al. (2014), with embedded 
references to other research papers omitted:

“Using two decades of ERS-1/2 data, we document a continuous and rapid retreat of the grounding lines of 
Pine Island, Thwaites, Haynes, Smith, and Kohler glaciers, which drain a large sector of West Antarctica on a 
retrograde, submarine bed, a configuration deemed unstable by ice sheet numerical models unless normal and 
tangential ice shelf buttressing could increase significantly, which is unlikely. The retreat is proceeding along 
fast-flowing, accelerating sectors that are thinning, become bound to reach floatation and unground from the 
bed. We find no major bed obstacle upstream of the 2011 grounding lines that would prevent further retreat of 
the grounding lines farther south. We conclude that this sector of West Antarctica is undergoing a marine ice 
sheet instability that will significantly contribute to sea level rise in decades to centuries to come.”

According to Rignot’s account of a NASA conference on the state of the WAIS, 

“We announced that we had collected enough observations to conclude that the retreat of ice in the Amundsen 
sea sector of West Antarctica was unstoppable, with major consequences – it will mean that sea levels will rise 
one meter worldwide. What’s more, its disappearance will likely trigger the collapse of the rest of the West 
Antarctic ice sheet, which comes with a sea level rise of between three and five meters. Such an event will 
displace millions of people worldwide. Two centuries – if that is what it takes – may seem like a long time, but 
there is no red button to stop this process.”

Joughlin et al. (2014) provided support for this observational finding using a numerical model:

“Resting atop a deep marine basin, the West Antarctic Ice Sheet has long been considered prone to instability. 
Using a numerical model, we investigated the sensitivity of Thwaites Glacier to ocean melt and whether its 
unstable retreat is already under way. Our model reproduces observed losses when forced with ocean melt 
comparable to estimates. Simulated losses are moderate (<0.25 mm per year at sea level) over the 21st century 
but generally increase thereafter. Except possibly for the lowest-melt scenario, the simulations indicate that 
early-stage collapse has begun. Less certain is the time scale, with the onset of rapid (>1 mm per year of sea-
level rise) collapse in the different simulations within the range of 200 to 900 years.”
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Conclusions

The research and assessments described here raise several important questions, including:

• When an area of science is in a rapid state of development, as is now the case with sea level rise 
projections, should assessments simply aim to convey the differing results of alternative approaches, 
rather than aim at a consensus finding when no real consensus exists in the expert community?

• When the timing of physical processes that will be key to future sea level rise is uncertain, as in the case 
of collapse of the WAIS, should assessments focus less on sea level rise projections to 2100 and more on 
the amount of sea level rise that the processes will ultimately produce in the more distant future?

• Should scientists and science assessments pay greater attention to the fact that they tend to be intellectually 
conservative and consensus driven, sometimes understating the risks of climate change, as in the case of 
sea level rise projections, thus “erring on the side of least drama” (Brysse et al., 2013)?

Additional relevant material by Stefan Rahmstorf is on the Real Climate blog at these links:

http://www.realclimate.org/index.php/archives/2013/01/sea-level-rise-where-we-stand-at-the-start-of-2013/
http://www.realclimate.org/index.php/archives/2013/09/the-new-ipcc-climate-report/
http://www.realclimate.org/index.php/archives/2013/10/sea-level-in-the-5th-ipcc-report/
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Introduction

The challenges of water management are tied with the large population on Earth and a deficient ability of 
mankind to ensure all facets of water use, let alone integrated water management, under climate change 
conditions and in circumstances of major social issues and changes.

Self-awareness, improvement of individual traits and development of individual resources are needed for 
man to be independent. Similarly, countries, nations and river basins need to develop water management 
mechanisms. This requires an ethical mindset and due awareness of water, as well as maintenance of water 
systems for which appropriate resources are needed (in terms of organization, capacity, funding, etc.).

The preferred approach to water management will largely depend on the economic power of the country in 
question and the availability of water resources (Fig. 1). 

Figure 1. Economic power and availability of water resources as indicators of the status of water management.

Countries with similar economic performance and water availability tend to follow similar approaches to water 
management. 

When we speak of integrated water management, we primarily have sustainability in mind, and then adaptivity 
to various changes, above all climate change and social changes. Differences in cultural, social, economic and 
other circumstances of various nations and regions, as well as river basins and other natural basins, tend to be 
put forward with some reluctance.
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Transition countries are faced with different water management tasks. Some need to resolve fundamental 
issues (e.g. access to healthy drinking water), while others must go to the very limit of or even beyond their 
spending ability (e.g. water quality protection and flood protection). In general, the majority of specific 
water management issues need to be resolved and concrete mechanisms and capacities established to enable 
substantial improvement in the status of water resources on the planet as a whole and in various regions.

The above requires appropriate organization and most often upgrading of local water management, addressing 
the nature of water management, capacities, implementation bodies, funding, and approaches to regional and 
global water management.

Regional water management needs to be consistent with the objectives of overall regional development 
(river basin and natural basin), keeping in mind both universal and specific criteria, as well as the special 
circumstances of different entities.

Apart from achieving specific objectives, global institutions, both developmental and financial, need to take 
part in steering local capabilities as transition issues are tackled, as well as to support optimal technical and 
economic solutions.

When they address the water situation in their countries/river basins, countries that lack adequate financial 
resources often set (or proclaim) objectives that are noble and necessary, but they do not get far in the actual 
implementation of such objectives.

In fact, the question of education of a proper local water governance system is most often disregarded (or not 
adequately perceived), as a precondition for the achievement of set water management objectives.

The importance of water in the world

Generally speaking, planet Earth abounds in water resources. However, only a small portion of these water 
resources is available for various uses. Most of the water resources are the saline waters of the oceans and 
sea - some 97%. The remaining 3% is freshwater, but even this amount is not fully available because it is 
distributed among the three phases. The solid phase is dominant, since ice caps and glaciers contain about 77% 
of all freshwater. The liquid phase accounts for some 23% of all freshwater resources, most of which reside 
underground (about 22%). Of all fresh surface water resources on our planet, rivers and lakes hold only 0.3%.
Figure 2 shows the proportion of the population that uses improved drinking water sources. Although UNICEF 
stated in its 2012 report that a MDG has been achieved - that in 2010 - 89.1% of the global population was 
able to use improved drinking water sources (the actual goal was 88%), a large number of people in the world 
still have no access to healthy drinking water and many die from waterborne diseases. This is primarily true 
of large parts of Africa.
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Figure 2. Proportion of the population using improved drinking water sources in 2010 [UNICEF and World Health 
Organization (2012)]. 

The situation in the sanitation (wastewater evacuation and treatment) segment is considerably worse; the MDG 
of improving basic sanitation is still far from being met. Here, too, there are major differences between the 
continents but apart from Africa, major issues also exist in parts of Asia and South America (Figure 3).

Figure 3. Proportion of the population using improved sanitation in 2010 [UNICEF and World Health Organization 
(2012)].

The question of the capacities needed for adequate water management is closely related to two very important 
parameters/indicators: one is the natural abundance of water resources (shown as internal renewable water 
resources + 20% external renewable water resources – FAOSTAT database), and the other is the economic 
power of a given country (GDP, World Bank 2012), Figure 1.
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In this regard, countries can generally be divided into six groups:

• 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.

• GDP 4-10K 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 a 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.

• GDP less than 4K 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 (Figs. 2 and 3).

• 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.

• GDP 4-10K 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.

• GDP less than 4K US$ per capita, arid and desert conditions (less than 1000 m3 per capita per year). The 
water sector problems of these countries are enormous.

It is clear that the countries in the lower left corner of Figure 1 (countries with sparse renewable water resources 
and low economic power) are those facing the greatest drinking water supply and sanitation issues - mainly 
Sub-Saharan semi-arid countries.
 
Serbia, like most South East European (SEE) countries, is in Group II - transition countries, which are largely 
making efforts to move to Group I (or increase their GDP).

The Danube River Basin example

The Danube River Basin occupies more than 10% of continental Europe and is the second largest river basin 
in Europe, after that of the Volga. It is shared by 19 countries and considered to be the most international river 
basin in the world. The 14 countries (9 EU and 5 non-EU) that share more than 2000 square kilometers each 
of this river basin are the contracting parties of the International Commission for the Protection of the Danube 
River (ICPDR).

When the EU Water Framework Directive (WFD, Directive 2000/60/EC) was adopted in October 2000, all 
14 countries (EU and non-EU member states) agreed to make every effort to implement the WFD throughout 
the Danube River Basin. In this regard, the ICPDR has produced two key documents: the 2004 Danube River 
Basin Analysis and the 2009 River Basin Management Plan along with a Program of Measures.

Apart from regional coordination of the Danube River Basin under the ICPDR, relations between the Danube 
countries are governed by bilateral agreements implemented by various commissions, as well as supported 
by several regional organizations (such as the International Association of the Waterworks in the Danube 
Catchment Area - IAWD).  Still, most of the water management efforts are undertaken by the countries 
themselves.

As shown in Figure 4, 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. 
Germany, for example, has slightly more than 1000 m3 per capita per year, while the renewable water resources 
of some other countries, like Slovenia and Bosnia & Herzegovina, are as much as ten times greater.
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Figure 4. Parallel representation of GDP and percentage of missing urban wastewater treatment plants.

Of course, the differences in economic power result in disparities in the availability of hydraulic infrastructures 
and water management in general. Low-GDP countries need considerable time to build the required 
infrastructures, set up the necessary institutions, and improve the overall water sector. 

Positions, criteria and directives of international organizations

Increasing attention is being paid to water resources throughout the world, primarily due to pressures brought 
about by population growth, urbanization and other drivers, but also in light of future climate change and 
socioeconomic changes. Water is no longer seen as a separate issue, but as part of a complex problem, which 
also involves energy, food production, etc. Therefore, water management should obviously promote integration, 
not only within the water sector itself, but also from a cross-sectorial (or “nexus”) perspective.

Although UNICEF stated in its 2012 report that a Millennium Development Goal (MDG) has been achieved - 
that in 2010 89.1% of the global population was able to use improved drinking water sources (the actual goal 
was 88%), a large number of people in the world still have no access to healthy drinking water and many die 
from waterborne diseases. This is primarily true of large parts of Africa and some parts of Asia. 

The situation in the sanitation (wastewater collection and treatment) segment is considerably worse; the MDG 
for improving basic sanitation is still far from being met and is unlikely to be achieved by 2015. In 2010, only 
63 percent of the world had access to improved sanitation, projected to increase to not more than 67 percent by 
2015, well below the 75 percent aim of the MDGs. About 2.5 billion people currently lack improved sanitation. 
There are major differences between the continents but apart from Africa, significant issues also exist in parts 
of Asia and South America.

At the same time, water is the principal medium through which climate change exhibits its environmental, 
economic and social impacts. Many regions, and particularly poor countries, are already vulnerable to floods, 
droughts and similar water-related disasters, which can destroy lives, assets and incomes.
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During the United Nations Conference on Sustainable Development (Rio+20), countries reaffirmed their 
commitment to make every effort to accelerate the achievement of the MDGs by 2015. During splinter group 
discussions, the points of divergence within the group “Water and Sanitation” included the wording of the 
text on the right to safe drinking water and sanitation, the 2030 target for significantly improving water 
efficiency and reducing water losses, the language of the commitment to improving integrated water resource 
management, and the reference “according to national legislation”. 

In the outcome document, “The future we want”, countries gave a mandate for the establishment of an 
Open Working Group (OWG), to develop a set of so-called Sustainable Development Goals (SDGs). OWG 
completed its work in July 2014 and forwarded to the UN General Assembly its proposal for a set of goals that 
address economic, social and environmental dimensions of improving people’s lives and protecting the planet 
for the future. 

Goal 6 is: “Ensure availability and sustainable management of water and sanitation for all”, and it involves 
several targets:

• 6.1: By 2030, achieve universal and equitable access to safe and affordable drinking water for all;
• 6.2: By 2030, achieve access to adequate and equitable sanitation and hygiene for all, and end open 

defecation, paying special attention to the needs of women and girls and those in vulnerable situations;
• 6.3: By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release 

of hazardous chemicals and materials, halving the proportion of untreated wastewater, and increasing 
recycling and safe reuse by x% globally;

• 6.4: By 2030, substantially increase water-use efficiency across all sectors and ensure sustainable 
withdrawals and supply of freshwater to address water scarcity, and substantially reduce the number of 
people suffering from water scarcity;

• 6.5: By 2030, implement integrated water resources management at all levels, including through 
transboundary cooperation, as appropriate;

• 6.6: By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands, 
rivers, aquifers and lakes;

• 6.a: By 2030, expand international cooperation and capacity-building support to developing countries 
in water and sanitation-related activities and programs, including water harvesting, desalination, water 
efficiency, wastewater treatment, recycling and reuse technologies;

• 6.b: Support and strengthen the participation of local communities in improving water and sanitation 
management.

The role of global institutions like UNESCO is to give support to those goals and targets, and consequently 
the International Hydrologic Programme – VIII Phase (IHP-VIII) focuses on several thematic areas in 
order to assist countries in their challenging endeavors to properly manage and secure water and ensure the 
required human and institutional capacities. IHP-VIII needs to bring multidisciplinary, environmentally sound, 
innovative methods, tools and approaches into play by capitalizing on advances in water sciences, as well as 
building competences to meet the challenges of today’s global water management.

Contrary to the global scale, where most decisions are in the form of resolutions or recommendations to 
countries, at the regional level countries or groups of associated countries (like the European Union) enact 
legislation that regulates water management affairs within their territory.

Therefore, requirements placed before water management on a regional scale can be substantially different 
from global requirements. For example, as a result of increased pressures on water resources due to the level 
of industrial development, the population count and similar circumstances, member states of the European 
Union have imposed much more stringent criteria in most water sector segments, particularly water protection, 
compared to average global norms. 

Unlike at the global level, these requirements are binding on all EU member states, while EU candidate 
countries are required to present a compliance timeframe as part of accession negotiations.
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This can put a significant pressure on EU countries that are economically not strong enough to respond to 
financially demanding requirements without consequences. Most transition countries within the EU are 
struggling, to a greater or lesser extent, to cope with such requirements. In order to comply with EU standards 
in the field of water, Serbia, for example, needs to spend an additional 10 billion € on capital projects, which is 
an enormous burden on a country whose gross national income is about 35 billion € annually.

Some water sector development drivers (and parameters)

A schematic representation of the water management system is shown in Figs. 5 and 6.

Figure 5: Simplified schematic representation of water management.

Figure 6. Detailed schematic representation of water management.
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The effectiveness of water management depends on the basic external and internal frameworks, as well as on 
the capacities that are to ensure efficient functioning.

In this regard there are many influences, but the four main drivers are:

• Strength of national economy
• Availability of renewable water resources
• Future (present) climate change
• Effective governance

Strength of national economy

A strong national economy implies overall vitality, a steady revenue stream for the water sector (water tariffs, 
taxes), and the ability to take out and repay loans. One of the measures of economic vitality is the gross 
national income of the country in question (Fig. 1).

A GDP curve typical of European transition countries, during the transition period, is shown in Fig. 7.

Figure 7. Typical GDP curve of transition countries in Europe.
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A country’s debt, particularly its external debt, is an important indicator, as shown in general terms in Table 1 
for transition countries:

Country
External debt 
In billions of US dollars

Greece 583.3
Turkey 386.8
Poland 326.0
Hungary 202.0
Romania 132.1
Ukraine 135.0
Cyprus 106.5
Czech Republic 90.2
Slovakia 68.4
Croatia 64.3
Slovenia 61.2
Bulgaria 69.3
Latvia 35.4
Serbia 34.0
Estonia 22.2
Bosnia and Herzegovina 9.1
FYR Macedonia 7.5
Albania 6.9
Moldova 6.2
Montenegro 2.8
Belarus 1.1

Table 1. External debt (Source: World development indicators, OECD, WB, IMF- WEO- April 2014, IMF website, IFS-
IMF, BIS, NBS website, MFIN-Serbia website)

A high level of indebtedness hinders further loans on account of the water sector.

Water pricing needs to be consistent with economic principles. Underpricing leads to ruination of water 
systems, prevents capital project spending, reduces water quality and causes harm to the very users who are 
supposed to benefit from the low price.

Country/City Price of drinking water (€/m3) Price of wastewater (€/m3) Total price of water (€/m3)
Hungary/Budapest 1.697 0.762 2.459
Slovenia/Ljubljana 0.750 0.469 1.219
Romania/Bucharest 0.978 0.218 1.196
Croatia/Zagreb 1.122 0.755 1.877
Bulgaria/Sofia 0.608 0.153 0.761
Serbia/Belgrade 0.397 0.161 0.558
Bosnia and Herzegovina/
Banja Luka 0.419 0.501 0.920
Montenegro/Herzeg Novi 0.910 0.160 1.070

Table 2.  Approximate water prices in several countries
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The water management approach in transition countries largely depends on their economic circumstances. For 
example, EU member states have set very stringent water quality requirements for the Danube River Basin. 
In order to comply with EU standards, Serbia would have to spend some 10 billion € on capital projects in 
the water sector. If the compliance timeframe is 25 years, it follows that some 400 million € needs to be spent 
annually. The total annual turnover of Serbia’s water sector (including maintenance) is about one billion €. 
In other words, it should be three times more than at present. Successful transition needs to encompass a 
comprehensive revision of the water management system (Fig. 6, green area).

A gradual approach and the need to address insufficient capacities of the central government, and particularly 
peripheral administrations (municipalities), require prioritizing of capital projects, as well as their centralization 
to some extent. This needs to be harmonized with the positions of certain important global financial players 
(e.g. the World Bank).

Availability of renewable water resources

The availability of renewable water resources is a crucial driver of water management. It is quantified as the sum 
of domestic water resources (originating within a country) and transboundary water resources (Fig. 1 assumes 
20% of transboundary water resources). Obviously, a somewhat different water management approach needs 
to be followed in regions where the climate is of the arid (desert), sub-arid, continental or monsoon type, as 
opposed to regions that abound in water.

Also, loading per unit volume of renewable water resources by the population and products of economic 
activity is extremely important. If we take the same river basin (say the Danube River Basin) and two very 
different countries, we will find that, for example, the loading per unit volume of renewable water resources in 
Germany is one order of magnitude higher than in an SEE transition country.

In essence, this can affect:

• Water protection and water use criteria;
• The nature of water management (centralized or decentralized);
• Technical solutions (leading-edge, simple, relying on natural purification, etc.);
• The water management system setup.

Future (present) climate change

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 (IPCC 2007, SINTA 2008, SEECOF 
2010, CC-WATERS 2011). 

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.
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Figure 8. 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).

Figure 9. Recorded annual temperature and precipitation trends in Serbia (1949-2006).
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According to climate change research, 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%.

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).

Science and education

Spending on science in rich/developed countries is considerable and amounts to 1.5-3.5% of GDP. Developing 
and transition countries generally spend less than 1% of GDP. We believe that spending on science and 
education is crucial. 

In the field of water, especially in transition countries, it is necessary to ensure:

• A sufficient number of highly qualified human resources, given the growing demand (capital projects, 
operators, etc.);

• An adequate distribution of professional human resources across the country, and an appropriate number 
of project implementation units and operator centers;

• Dissemination and transfer of leading-edge knowledge and technologies (universities, institutes, leading 
professional organizations).

In Serbia, the University of Belgrade is ranked among the top 300-400 on the Shanghai List, and the University 
of Novi Sad is also well positioned. Apart from these two, there also other excellent institutions of higher 
learning (e.g. the University of Niš, the University of Kragujevac and several privately-held universities).

Yet another important issue is a transition country’s approach to major planning, development and project 
documentation, as well as project implementation. Insisting on a too liberal approach might lead to the 
destruction of even the strongest centers of knowledge/institutes (e.g. in Hungary and Bulgaria). As a matter of 
fact, a transition country that as a rule experiences a loss of professional capacity, needs to ensure and maintain 
a steady foothold in such centers of professional knowledge.

Instead of a conclusion: Water governance in transition countries

The term “water governance” refers to the implementation of systemic functions of water management (see 
Fig. 7). 

Due to the economic weaknesses of certain countries, as well as sparse water resources, it is not always 
possible to achieve sustainable water management. Adaptive water management, however, strives to attain 
sustainability within natural and social constrains, as well as those that might be brought about by climate 
change.

Given that “transition” in the present sense implies a series of economic changes (like in most SEE countries), 
such changes give rise to a number of significant limitations, including:

• The output gap of transition economies;
• An increase in national indebtedness;
• The need to undertake a larger-than-usual number of capital projects (which is particularly the case in 

the water sector);
• Frequent substantial weakening of public service capacities engaged in water management;
• Frequent faltering or dissolution of scientific and professional institutions and organizations in the field 

of water.



28

If the goal is to strictly uphold rapid achievement of sustainability (e.g. EU directives), then enormous spending 
becomes a necessity, often exceeding by far the capability of a country to prepare capital projects, in:

• institutional, 
• organizational, and
• financial terms.

In the absence of thorough preparations and governance adjustments, generally in countries with a modest 
GDP (i.e. less than 10,000 € per capita annually), it is not realistic to set objectives that require rapid and 
sizeable spending to achieve sustainable water management. 

The following needs to be underscored: Whenever a major change in the scope of activities is envisaged, 
appropriate plans need to be developed and the system of governance duly adapted to the set objectives.

In this regard, the following definitely need to be taken into consideration and implemented:

• A proper balance between centralized and decentralized water management;
• Appropriate capacities at focal points of governance (central and peripheral administrations);
• Adequate funding for all water management functions (appropriate water pricing, taxes, budget …);
• Accumulation of funds for capital project implementation (water fund, water bank, and the like);
• A straightforward plan, identifying milestones, targets and priorities;
• Maintenance and upgrading of scientific and professional institutions and capacities.

To accomplish the above, the entire system of governance in a given area (country) needs to be adapted 
accordingly.

International institutions and capital should be encouraged to participate in the effective implementation of the 
above premises, in accordance with domestic capacities and governance mechanisms, which should thereby 
be strengthened.

The question of water management in developing countries should be made consistent with the drivers that 
apply to transition countries (e.g. economic circumstances, water resources, climate and governance).
In closing, the following schematic is offered for consideration:

Figure 10.  Outline of proposed water management approach depending on major drivers.
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Abstract

Dawn of the mathematical approach to weather prediction and climate studies is recalled, with a visionary 
road Milutin Milankovitch took. His apparent anticipation of success at later times also in weather and not 
only climate as we now know materialized, with some of the achievements of note made in the place of his life 
and work.  Of these one will be highlighted that gave its name to a model of some acclaim, the Eta model, and 
some of the results achieved summarized.  Among those, improvements in precipitation scores, related to more 
accurate placement of storms, stand out. A weakness that received extraordinary notoriety of flow separation 
in the lee of the Witch of Agnesi topography, is shown to have been removed with the latest refinement of 
the sloping steps eta discretization. A result of some years ago strongly suggesting that in regional climate 
modeling significant added value is possible in large scales within the domain used was presented in Veljovic et 
al. (2010) along with those of an experiment in which 26 Eta ensemble members driven by those of an ECMWF 
32-day ensemble mostly had better scores in placing strong 250 hPa winds than their driver members. Trying 
to identify the primary cause of this perhaps surprising result 10 of the Eta members were driven by switching 
the vertical coordinate to sigma, with no obvious deterioration of 250 hPa wind scores. However a tendency 
was seen for more accurate tilt of the 250 hPa trough of the eta compared to sigma members. To test the impact 
of resolution and also to check on the robustness of the Eta vs ECMWF result to the choice of the period a 
10-member Eta experiment was rerun for a more recent ECMWF ensemble, one initialized 4 October 2012, 
when its resolution was higher than of that used previously. The advantage of the Eta members more frequently 
than not is seen again, even though this time the resolution of the Eta during the first 10 of the 32 days was 
about the same as that of the driver ECMWF members.

Introduction

Along with Vilhelm Bjerknes (1862–1951), Lewis Fry Richardson (1881–1953), and Max Margules (1856–
1920), Milutin Milankovitch (1879–1957, Milanković, as written in Serbian, later on) was among the handful 
of giants of science who at the early time of the dawn of the previous century considered using mathematics 
in weather and climate prediction. He was looking for a field where using his mathematical talents he could 
solve a problem of “cosmic” dimensions (Milanković 1952).  Milanković started with weather, but eventually 
concluded that “at least for the time being” this was not possible. Climate, he concluded, offered better 
prospects. 

Numerous advancements followed including increased understanding of the feasibility of the prediction given 
the chaotic nature of the problem; for a summary of crucial points see, e.g., Mesinger (2005). But in the Earth 
climate system many components are involved and some have different predictability times than others. A 
model striving to project climate changes on centuries or even millennia time scales obviously needs to include 
all significant components.  But for a more accurate projections for a smaller region not all of the components 
are needed as information on longer time scale inputs can be supplied by lateral boundary conditions (LBCs).  
Thus, regional climate models (RCMs) have become a very popular tool in trying to obtain climate information 
with more accurate and more detailed account of regional features, primarily those of topography and land 
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surface/ vegetation. Thus, essentially same models are or can be used as RCMs as those used for NWP.  But the 
relevance of issues involved is somewhat different: for RCM applications, trade-off between the domain size 
and resolution, and lateral boundary conditions (LBCs) scheme are obviously of primary importance, given 
the extended time scales involved.

Regarding the impact of the first of the regional features mentioned above, topography, the vertical coordinate 
used in the Eta model, eta, as opposed to sigma, can be credited for a notable positive impact. This will be 
summarized in the next section.  A recent removal of an Eta step topography weakness in flow over bell-shaped 
topography, or Witch of Agnesi, will be addressed in Section 3. In Section 4 ensemble experiments aimed at 
RCM relevant issues will be summarized. The presentation will end with a few concluding comments.

Precipitation and placement of storms

A useful feature of the eta coordinate – as pointed out in Mesinger (2005) – is that with not much additional 
effort code can be written with a switch enabling runs using sigma coordinate.  This was done and over the 
years a number of tests made checking on the impact of the coordinate, as follows.
 
In the very first test, when the Eta code with minimum physics was put together, in 1984, a run using sigma 
exhibited a visibly greater intensity of noise than the same run using the eta coordinate (Mesinger et al. 1988, 
Fig. 6). Once the Eta code was equipped with a fairly complete physics package, a test was made by Tom 
Black to address the then prominent systematic error of the U.S. NMC operational NGM model, a cold bias 
throughout the troposphere that was increasing with time.  In a test including a week of twice daily forecasts 
the Eta showed a cold bias as well, but at 48 h only on the order of one third of that of the NGM.  But when 
switched to sigma, the cold bias about doubled, to roughly two thirds that of the NGM (Black 1988).  In both 
Mesinger and Black (1992) and Mesinger et al. (1997) more accurate placements of storms, and much better 
precipitation scores of the eta compared to sigma runs were reported.  Strong evidence pointed to both of these 
improvements deriving largely from storms that formed in the lee of complex Rocky mountains topography.  
Thus, yet another test was run at higher resolution in 2001, on a complex low of multiple centers, with once 
again the eta run placing the main low center more accurately than the sigma run (Mesinger 2004).
 
A possibility cannot be excluded that the systematically better precipitation scores of the Eta referred to were a 
result of model precipitation schemes having been adjusted to perform best with the use of the eta coordinate.  
To this end perhaps a convincing information came following an about a two-year period of the Eta being 
“frozen” during the first decade of the two thousands as all the EMC effort went into the refinement of the 
NCEP sigma system NMM, planned to be introduced as an NMM-WRF.  At the same time a new and more 
advanced data assimilation system, GSI, was developed for the NMM-WRF. Yet, in about a five+ month 
parallel, as shown in Fig. 1, the Eta system showed clearly better precipitation scores than the NMM-WRF 
system, and increasingly so as one moves further away from the initial time when the different data assimilation 
systems should have had most impact.

A paper by Russell (2007) is worth noticing regarding the topic addressed, as it comes to the same conclusion 
on the impact of the choice of coordinate but arrived at in a rather different model environment.

Gallus-Klemp / Witch of Agnesi test

Analysis and an experiment done by Gallus and Klemp (2000) on flow over a bell-shaped topography led to a 
widespread belief that the eta coordinate is “ill suited for high resolution prediction models” — as stated like 
this or in a similar way in quite a few papers.  The problem Gallus and Klemp highlighted was separation of 
the flow in the lee, with very low speeds at the foot of the mountain.  The sloping steps refinement of the eta 
discretization (e.g., Mesinger et al. 2012), led to a better result, but not to a degree as to approximately replicate 
the solution Gallus and Klemp obtained after presumably removing the problem.
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Figure 1. 24-h precipitation Equitable Threat Scores (upper panels) and Bias Scores (lower panels) of the Eta model/EDAS 
(red) and NMM-WRF/GSI (blue), of the 1 January-22 May 2006 parallel, run at 12-km resolutions. 24-h precipitation 
thresholds are increasing from 0.01 to 3 in/24 hours along the abscissas of the plots. Verifications at 72 h (left), 84 h 

(middle), and combined 24, 36, 48, 60, 72 and 84 h (right).  After DiMego (2006).

Recently it was noted that what is referred to as horizontal diffusion was not made aware of the sloping steps 
discretization upgrade.  This was addressed and in addition the horizontal diffusion scheme was refined so as 
to be unconditionally stable.  With these advancements of the code the Gallus-Klemp experiment was rerun, 
obtaining the result shown in the right hand plot of Fig. 2.  For comparison, the result obtained by Gallus and 
Klemp using a nonhydrostatic Eta code of Gallus and Rancic in which they have modified advection schemes 
at points adjacent to the step corners using an assumed condition of the y-component vorticity being zero at the 
step corners, is shown in its left hand plot.

The alteration used by Gallus and Klemp in obtaining the left hand plot of the figure they felt has eliminated 
“most of the flow separation by diminishing or preventing vorticity generation at the step corners.”  There are 
no step corners in this experiment with the sloping steps discretization of the eta, and of course no artificial 
modification of schemes was used.  Yet, a very high degree of resemblance of the velocity contours of the two 
plots can be seen, with the velocities in the lee of the obstacle of the right hand plot even somewhat greater 
than those of the left hand plot.

Added value at large scales in RCM runs

Is it possible in RCM runs to add value at large scales, or should one even attempt to achieve it, is a subject 
receiving considerable attention. Many authors consider that an RCM should have large scales unchanged 
compared to those of the driver model, and to that end even resort to “nudging” the RCM toward large scales 
of the driver model.  However, what are large scales of the driver model and even more of an RCM is not all 
that clear.  For a recent review of the subject see Diaconescu and Laprise (2013).



33

Figure 2. Simulation of the Gallus-Klemp experiment with the Eta code allowing for velocities at slopes in the horizontal 
diffusion scheme, right hand plot.  The plot (c) of Fig. 6 of Gallus and Klemp (2000), left hand plot.

The situation is further clouded by numerous authors having run experiments using reanalysis LBCs, and even 
so making claims as to the ability or lack thereof of RCMs to add value at large scales.  It is crucial to note that 
the purpose of RCMs is not to reproduce something we know, but to improve on climate integrations which are 
projecting changes into the future that we do not know. When driving an RCM with reanalysis derived LBCs 
the RCM has no opportunity to improve on large scales of the climate projection driver data, even though it 
might be able to do so. This is because such driver data have not been made a part of the experiment.  Thus, 
a fair assessment of the optimal domain size, and the ability of an RCM to add value at different scales, is not 
possible.

This of course is not a problem with experiments using GCM generated LBCs, verified against analyses, e.g., 
such as reported by Veljovic et al. (2010); and also is not a problem with experiments of the “Imperfect Big-
Brother (IBB)” type (e.g., Diaconescu and Laprise, 2013), where RCMs are driven by LBCs derived from 
high-resolution GCM runs after imposition of presumed errors, but verified against unmodified GCM results, 
mimicking real-world data.

With these issues in mind we have designed and run our experiments of Veljovic et al. (2010) which showed 
that most of the time Eta ensemble members had better 250 hPa wind scores than their driver ECMWF 32-
day ensemble members. Main verification scores used were Bias adjusted Equitable Threat Scores (ETSa), 
reflecting placement accuracy of wind speeds greater than a chosen threshold, which we set at 45 m s-1; and 
RMS difference between forecast winds and those of ECMWF analyses.

This result may be found surprising given that an LBC driven model has to absorb unavoidable errors coming 
from its LBCs, and the reputation of the ECMWF model. Looking for a major reason behind this results we 
ran 10 members of the 26 member Eta ensemble switched to use sigma coordinate, but no obvious advantage 
of one or the other coordinate could be seen in the two verification scores mentioned. However, of the 10 
eta members 3 did display a visibly more accurate tilt of the 250 hPa wind speed contours at an apparently 
crucial 12-day time than their sigma system counterparts; one showed the opposite result. Wind speed contours 
of one of these 3 members with eta advantage are shown in Fig. 3, along with those of the corresponding 
sigma member, the driver forecast, and the ECMWF verification analysis.  This situation with a major upper 
tropospheric trough moving across the Rockies, normally associated with formation of a surface low in front 
of the trough, is reminiscent of those which had a major positive impact on precipitation scores advantage of 
the Eta over various sigma system models (e.g., Mesinger 2004).
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Figure 3. Contours of the 250 hPa wind speeds of 12-day forecasts of the Veljovic et al. (2010) Eta member 11 run using 
sigma coordinate, top left; same but using the eta, top right; same but of the ECMWF ensemble member 11 used to drive 

these Eta forecasts, bottom left.  Same except ECMWF analysis verifying at the same time, bottom right.

While this does indicate an advantage of the eta, it seems not one of an intensity that would be expected 
from a primary reason for the advantage of the Eta in 250 hPa wind scores over its driver ECMWF members 
reported in Veljovic et al. (2010). We have therefore continued looking into impact of other factors. To test the 
sensitivity to resolution we have run a 10-member Eta experiment for a period more recent than that of Veljovic 
et al. (2010), initialized 0000 UTC 4 October 2012, when the ECMWF ensemble resolution was about 32 km 
the first 10 days, and about 63 km thereafter. The resolution of the Eta ensemble was unchanged, about 31 km.  
This at the same time tests the robustness of the result to the choice of the period, an issue of some interest 
given the impression of considerable influence of a specific synoptic event on the result reported in Veljovic 
et al. (2010).

The two verification scores referred to but obtained for the 10-member Eta ensemble of about October 2012 are 
shown in Fig. 4. Bias adjusted Equitable Threat Scores (ETSa) for wind speeds greater than 45 m s-1 are shown 
in its upper panel, and RMS wind difference in the lower panel, both at 250 hPa and verified against ECMWF 
analyses. Red lines refer to results of the driver ECMWF ensemble members, while blue lines refer to those 
of the Eta members. While a lot of the time the values of the two sets of members are seen to be almost the 
same, just about always when there is a visible difference between the two it tends to be favoring the Eta. The 
advantage of the Eta members over its driver ECMWF members is perhaps about the same and certainly not 
smaller than what it was for the 26 member experiment of Veljovic et al. (2010). With the resolution difference 
now practically removed the first 10 days, and being reduced thereafter, it seems safe to conclude that the 
impact of the resolution advantage of the Eta in the results of Veljovic et al. (2012) was not significant.
 
One feature standing out in the plots of Fig. 4 is the very visible advantage of the Eta members in placing the 
jet stream winds during days 2-6 of the experiment, reflected in ETSa scores of that time.  We have checked the 
synoptic situation at that time, 0000 UTC 6-10 October, and saw (not shown) that once again this was a case of 
an intense upper level trough moving over the Rockies.  Recall that this is the situation normally accompanied 
with formation of a surface low in the lee in front of the upper level trough.  These lows tend to be associated 
with considerable precipitation, fed by the advection of moist air from the Gulf northward into the system as 
it is being developed.
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Concluding comments

With the benefit from the choice of the eta vs sigma apparently not having a dominant contribution to the 
success of the Eta against its ECMWF driver members in 250 hPa wind scores discussed, and resolution not 
having a dominant contribution either, one is left wondering as to what are the features enabling the Eta to 
absorb its LBC errors and yet do a little better than its ECMWF driver members.

We believe that it is the combination of the Eta dynamical core features, which we referred to as “finite-
volume+” (Mesinger et al. 2012) that is primarily responsible for such performance. In addition to the eta 
coordinate, the components of this dynamical core include the Janjić (1984) Arakawa scheme written for the 
B/E grid but conserving energy and enstrophy as defined on the C-grid, van Leer type finite-volume vertical 
advection of dynamical variables (Mesinger and Jovic 2002), and conservation of energy in space differencing 
in transformations between the kinetic and potential energy (Gavrilov, now Zupanski, in Mesinger et al. 1988).

Figure 4. Bias adjusted ETS scores of wind speeds greater than 45 m s-1, upper panel, and RMS wind difference, lower 
panel, of the driver ECMWF ensemble members (red) and Eta members (blue), both at 250 hPa and with respect to 

ECMWF analyses.  Initial time is 0000 UTC 4 October 2012.
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A feature that also deserves to be listed is the Eta LBC scheme, which unlike the customary relaxation scheme 
of just about all other RCMs makes an effort to be consistent with the mathematical nature of the problem 
(e.g., Mesinger and Veljovic 2013).  Last but not least, it should be noted that we have intentionally chosen our 
domain to be quite large compared to domain sizes typically used in RCM experiments, and to have it placed 
so as to have its central region in the lee of the major north-south topographic barrier, Rocky Mountains, being 
aware that this is an area where the Eta model has frequently had results more accurate than some of the other 
models.

Finally, one might wonder if a single general “take home” message might follow from the results reported 
on, relevant for groups working in other RCM environments. We feel it is that if an RCM is found to require 
nudging of its large scales toward those of the driver model for satisfactory results, it is a good idea to try to 
find out why.
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The Quaternary Ice Age is characterized by multiple switches of the global climate between cold periods 
(named glacials) when extensive ice sheets were present, and warm periods (named interglacials) when there 
was less ice over the Earth. The need to explain the origin and recurrence of these glaciations has progressively 
led to suggest and finally demonstrate that they are related to the characteristics of the Earth’s orbit around the 
Sun and the tilt of its axis of rotation.

The earliest proposal of glacier advances and of what was going to be the glacial-interglacial cycles dates back 
from the 18th century. The first elements of an astronomical theory appeared at the beginning of the 19th century. 
Different versions were then elaborated and calculations of the astronomical parameters became available. The 
whole 19th century provided a wonderful historical environment for climate research that Milankovitch, at the 
beginning of the 20th century, developed further masterfully.

Early times of Quaternary glaciations and astronomical theories

In 1744, perhaps for the first time, Pierre Martel (1706-1767) attributed the dispersion of erratic boulders to 
glaciers.

Horace-Benedict de Saussure (1740-1799) noticed that such erratic blocks must have been transported from 
the peaks of the Alps over long distances, possibly by catastrophic floods. This explanation was also suggested 
by Georges Cuvier (1763-1832).  

In 1795, the Scottish naturalist James Hutton (1726-1797) explained that the presence of erratic boulders in 
the Alps was due to the action of the glaciers. A few years later, the Danish-Norwegian geologist Jem Esmark 
(1763-1839), for whom the transport of rocks by ice seemed evident, offered a sequence of worldwide ice ages. 
In 1824, he proposed that the changes in climate were the cause of these glaciations and tried to show, perhaps 
for the first time, that they originated from changes in the Earth’s orbit. We may consider Esmark’s ideas as the 
first distinctly modern formulation of the astronomical theory of long-term climatic change.

In 1829, Ignaz Venetz (1788-1829) explained the dispersal of erratic boulders as being due to huge glaciers 
which variations in the location of the fronts would have been due to climatic changes but not related to 
astronomical cause. This idea was adopted by Albrecht Reinhard Benhardi (1797-1849). At about the same 
time, Jean de Charpentier (1786-1855), using Venetz’s explanation but restricted to the Alps, introduced the 
hypothesis of diluvian glaciers, the ice equivalent of the de Chaussure-Cuvier floods, to explain the erratic 
boulders. He presented his paper in 1834 before the Schweizerische Naturforschende Gesellschaft, referring to 
astronomical causes but only in very general terms. 

In the meantime, Karl Friedrich Schimper (1803-1867) came to the conclusion that ice was most likely the 
explanation for the movement of local boulders. In 1837, he introduced the term “ice age (Eiszeit)” and 
assumed that the Earth’s history had been characterized by periods of cold climate and frozen water. This idea 
was similar to Esmark’s suggestion. At this time he convinced his former university friend, the Swiss geologist 
Louis Agassiz (1801-1873), that reality of such periods must be granted on the grounds of empirical findings. 
In the same year, de Charpentier gave Agassiz a course of field work on glaciers. Agassiz convinced Charles 
Lyell and in 1837, at the opening of the Helvetic natural History Society at Neuchatel, he shocked his audience 
by delivering his address entitled ‘Upon Glaciers, Moraines and Erratic Blocks’. Because of the high similarity 
of Agassiz’s hypothesis with Schimper’s idea, Evans ( 1887) claimed that “Agassiz actually ‘borrowed’ his 
1  Milankovitch Anniversary UNESCO Symposium. Water management in transition countries as impacted by climate and 
other global changes, Lessons from paleoclimate, and Regional scale. September 3-5, 2014, Belgrade, Serbia.
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conception of glacial theory, usually attributed to him, from K. Schimper”. A similar complaint came from de 
Charpentier who felt that Agassiz should have given him credit as he had introduced him to in-depth glacial 
research.

Pioneers of astronomical theory

In 1842, Joseph-Alphonse Adhémar (1797-1862) published his book explaining Agassiz’s hypothesis on the 
existence of ice ages on the basis of the known precession of the equinoxes, invoking the different durations of 
the seasons between the two hemispheres as a possible cause of the ice ages. By combining the astronomical 
precession (calculated from the value of 50.1” per year of Jean-Baptiste Joseph Delambre 1749-1822) and the 
rotation of the terrestrial orbit (calculated from the value of 11”.83 per year of Louis Benjamin Francoeur 1773-
1849), he further concluded “that a period of 21000 years must exist between the present time and the moment 
when the seasons will correspond to the same point of the orbit”. From his calculations, he concluded (i) that 
the astronomical winter in the Southern Hemisphere is 7 days longer than the summer, (ii) that consequently 
there must presently be an ice age in the Southern Hemisphere and (iii) that 11000 years from now that there 
will be an ice age in the Northern Hemisphere.

Many criticisms were raised against Adhémar ideas, like his glaciations affecting the two hemispheres in 
opposite ways and, more importantly, his hypothesis about the difference in the length of the seasons between 
the two hemispheres. As underlined by Charles Lyell and Alexander von Humboldt (1769-1859) more important 
than the length of the seasons is indeed the total energy received during a season or the year. The computation 
of such total irradiation was actually possible based on calculations already made by Jean Le Rond d’Alembert 
(1717-1783) for precession and Sir John Frederick William Herschel (1792-1871) for insolation. Among his 
fundamental contributions, he showed that the mean annual average of solar radiation is dependent on the 
eccentricity of the orbit, what Milankovitch later missed.

Within the next decades, largely because of the discovery of the repetitive aspect of global glaciation, glacial 
geology became strongly tied to astronomy. Urbain Le Verrier (1811-1877) calculated the planetary orbital 
changes of the Earth over the last 105 years, although he did not seem to be interested in the astronomical 
theory of paleoclimates. In parallel, L.W. Meech (1855) published the first detailed determination of the 
instantaneous, daily and seasonal amount of energy received by any latitude of the Earth from the Sun. Meech 
further analyzed the influence of Le Verrier’s secular values of eccentricity (mainly the extreme values) on the 
Sun’s annual intensity and calculated it for 10,000 years BP. Taking into account the impact of the maximum 
variation of obliquity given by Pierre-Simon Laplace (Marquis de, 1749-1827), he finally concluded:” that 
Great geological Changes must be referred to other causes than the secular inequalities of the Earth’s orbit and 
might result from the motion of the whole Planetary System in Space. 

It was also at that time that James Croll (1821-1890) approached the glaciation problem from the synergistic 
standpoint of the combined effects of the three major astronomical factors on seasonal insolation during 
perihelion and aphelion. Moreover, a specific characteristic of his model lies essentially in his hypothesis that 
the critical season for the initiation of a glacial is the Northern Hemisphere winter. He argued that a decrease 
in the amount of sunlight received during the winter favors the accumulation of snow, and that any small initial 
increase in the size of the area covered by snow would be amplified by the snowfields themselves (positive 
feedback). After having determined which astronomical factors control the amount of sunlight received 
during winter, he concluded that the precession of the equinoxes must play a decisive role. Croll’s first theory 
predicts therefore that one hemisphere or the other will experience an ice age whenever two conditions occur 
simultaneously: a markedly elongated orbit and a winter solstice that occurs when the Earth is far from the 
Sun. Croll’s calculations were based on the planetary orbital changes of the Earth determined by Urbain Le 
Verrier in 1855 for the last 106 years. Later, Croll hypothesized that an ice age would be more likely to occur 
during periods when the axis is closer to vertical. However, Croll did not have accurate data on the variations 
of obliquity which will become available only a few years later with Stockwell (1873) and much later with the 
Milankovitch complete formulation of the astronomical theory. In the mean time, Croll received the support of 
Charles Robert Darwin (1809-1882).
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 Archibald Geikie (1835-1924- and his brother James Geikie ( 1839-1914) showed convincingly that several 
glacial phases follow one after the other separated by interglacial periods with a moderate climate as warmer 
or warmer than present. Albrecht Penck (1858-1945) and Eduard Brückner (1862-1927) also came with their 
multiple glaciations in the Alps (Günz, Mindel, Riss and Würm; Penck and Brückner, 1909) whereas, at about 
the same time, Thomas Chowder Chamberlain (1843-1928) presented the classification of the American 
glaciations (Nebraskan, Kansan, Illinoian, Wisconsinian).

But, as time went on, many geologists in Europe and America became more and more dissatisfied with 
Croll’s theory. His calculations lead indeed to great climatic changes opposite in the two hemispheres 
whereas geological investigations were showing that the glacial periods are practically synchronous in the 
two hemispheres. Facing all these discussions, it is not surprising that scientists turned to other theories: Sir 
Charles Lyell (1872) with the rearrangement of land and sea; Jacques Joseph Ebelmen (1814-1852) who 
took back the Joseph Fourier (1786-1830) concept of the greenhouse effect and who was probably the first to 
suggest that past changes in the “carbonic acid”  could have changed the climate of the Earth ; John Tyndall 
(1861) who came with a similar idea that changes in carbon dioxide and water vapour, could produce “all the 
changes revealed by the geologists”; Luigi de Marchi (1895) with the transmission of the atmosphere for solar 
rays; Svante Arrhenius (1859- 1927) who considered that the ice ages were caused by falls in the atmospheric 
content of carbon dioxide, amplified by an increase of the snow covered areas and the oceanic currents. ; and 
Thomas Chowder Chamberlin (1843-1928) who suggested in 1899 that the rhythmic action of the carbon cycle 
could partly explain the glaciations cycle. It became therefore clear that the astronomical theory of the glacial 
period was unable to explain the new geological facts and that improvements were definitely necessary.
 
Such a revival cane with Ludwig Pilgrim who, based on John Nelson Stockwell’s (1822-1920) work, calculated 
in 1904 the combined effect of the eccentricity of the orbit, the obliquity and the precession of the equinox 
and tabulated the variations in the solar radiation for about one million years prior to 1850, but the values of 
the planetary masses used by Stockwell were not necessarily the most recent ones. Rudolf Ferdinand Spitaler 
(1849-1946) tried in 1907 to calculate which values of the three astronomical parameters are the most favorable 
for glacial formation and growth. In 1921, he rejected Croll’s theory that the conjunction of a long, cold winter 
and a short, hot summer provides the most favorable conditions for glaciations. He adopted the opposite view, 
following the idea first put forward by Joseph John Murphy (1869), that a long, cool summer and a short, 
mild winter are the most favorable. The diminution of heat during the summer half year resulting from this 
new hypothesis was later recognized by Eduard Brückner (1862-1927), Wladimir Peter Köppen (1846-1940), 
and Alfred Wegener (1880-1930) as the decisive factor in glaciations. The hypothesis put forward by Murphy 
in the middle of the 19th century was going to appear, one century later, as being one of the most brilliant 
proposals made for explaining the generation of the ice sheets.

Milutin Milankovitch
 
This idea of a cool Northern Hemisphere summer became popular mainly because it was also adopted in 
the early part of the 20th century by Milutin Milankovitch (1879-1958). Milankovitch was actually the first 
to complete a full astronomical theory of Pleistocene ice ages, using the available astronomical elements to 
compute the subsequent changes in the insolation and climate. Milankovitch’s main contribution was to explore 
the solar irradiance at different latitudes and seasons in great mathematical detail and through  a climate model 
to relate these in turn to the planetary energy balance as determined by the albedo and by the re-radiation in the 
infrared according to Stefan’s law. On the assumption of a perfectly transparent atmosphere and of the northern 
high latitudes being the most sensitive to insolation changes, that hypothesis requires a minimum of Northern 
Hemisphere summer insolation at high latitudes. It is therefore not surprising that the most used product of the 
Milankovitch theory is his curve that shows how the intensity of summer sunlight varied over the past 600,000 
years at 65°N. Captivated by the 1920 Milankovitch monograph, Wladimir Köppen offered to collaborate with 
him on the study of past climates. This was a key step for the recgnition of Milankovitch’s work. His insolation 
curves became much better known after Wladimir Köppen and Alfred Wegener introduced them and the caloric 
summer insolation at 65°N and 65°S, in their work “Die Klimate der geologischen Vorzeit” (Climate of the 
Geological Past) published in 1924.  About the periods of the astronomical elements, Milankovitch deduced 
them from their numerical values calculated either from Pilgrim-Stockwell or from Le Verrier-Miskovitch: 
“The secular variations of precession has a rather irregular behaviour...with an average interval of 21,000 
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years. The average period of the oscillations of eccentricity amounts to 92,000 years. The average between 
two consecutive maxima of obliquity was on the whole about 40,000 year”. There is however no indication 
about the split of the 21,000-year precession period into 19,000 and 23,000 years nor about the 400,000 –year 
eccentricity cycle which origins and analytical computations date from André Berger (1973).

Until roughly 1970 the Milankovitch theory was largely disputed because the discussions were based on 
fragmentary geological sedimentary records and on inaccurate time scales, and because the climate was 
considered too resilient to react to ‘such small changes’ in his summer half-year caloric insolation.
Milankovitch revival

In the late 1960s,  global climates could be  reconstructed with a much better confidence and atmospheric general 
circulation  and climate models became available.  James Hays, John Imbrie and Nicholas Shackleton (1976) 
showed, for the first time, that quasi-periods of 100,000, 41,000, 23,000 and 19,000 years are significantly 
present in proxy records of the past climate. Independently, André Berger (1973) had already found these 
periods in the long-term variations of eccentricity, obliquity and climatic precession that he calculated using a 
new more accurate solution of the planetary system. This definitely confirmed the astronomical origin of the 
periodicities found in geological records. 

These results were at the origin of a revival of the astronomical theory of paleoclimates. New researches were 
going to be initiated in the four main branches of any astronomical theory, namely: (1) the computation of the 
astronomical elements with André Berger for a few millions of years and Jacques Laskar who extended their 
validity over many tens of millions of years (2) the computation of the appropriate insolation parameters, 
(3) the development of suitable climate models, and (4) the analysis of geological data in both the time and 
frequency domains in order to investigate the physical mechanisms which are responsible for the long-term 
climatic variations and to calibrate and validate the climate models.
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Climate Change Projections in the Mediterranean Basin
Silvio Gualdi

Centro Euro-Mediterraneo sui Cambiamenti Climatici
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In this study we present and discuss results obtained with a multi-model system developed within the CIRCE 
EU-Project and used to produce simulations of the regional climate with a realistic representation of the 
Mediterranean Sea. The “CIRCE models” are a set of five coupled climate models, which include a high-
resolution Mediterranean Sea, and allow to explore and assess the role of the Mediterranean Sea and its 
complex, small-scale dynamics in the climate of the region.

In particular, these models make it possible to investigate the influence that local air-sea feedbacks might 
exert on the mechanisms responsible for climate variability and change in the area. In many regards, they 
represent a new and innovative approach to the problem of regionalization of climate change projections in the 
Mediterranean region.

The CIRCE models have been integrated from 1951 to 2050, with initial conditions obtained from a long spin-
up run of the coupled systems. The simulations have been performed using observed radiative forcing (solar 
constant, greenhouse gases concentration and aerosol distribution) during the first half of the simulation period 
and the IPCC SRES A1B scenario during the second half (2001-2050).

Figure 1. Multi-model mean trends of 2-meter temperature (T2m, left panels) and precipitation (precip, right panels) over  
land as obtained from the CIRCE simulations for the period 2001-2050. Upper panels show the winter (DJF) mean trends 
and lower panels the summer (JJA) mean trends. Contours are C°/decade for temperature (to facilitate the reading of the 
pictures, the plotted values are multiplied by a factor 10) and (mm/month)/decade for precipitation. Shading indicates 

areas where the trend is significant at the 95% according to Mann-Kendall trend test.
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The projections indicate that remarkable changes in the Mediterranean region climate might occur already in 
the next few decades. Over land, the climate simulations based on the A1B emission scenario indicate that 
significant trends in temperature (warming) and precipitation (reduced rainfall) might affect the region in the 
2021-2050 period compared to the reference one, 1961-1990, (Figure 1). In the same period, the projected 
surface net heat loss decreases, leading to a weaker cooling of the Mediterranean Sea by the atmosphere, 
whereas the water budget appears to increase, leading the basin to loose more water through its surface than in
the past (Figure 2).

Figure 2. Evolution of the Mediterranean Sea surface water budget (left panel) and heat budget (right panel). The surface 
water budget is computed as the Evaporation-Precipitation-Runoff (E-P-R) budget, whereas the surface heat budget is 
computed as the budget of the radiative and non-radiative heat fluxes at the sea-surface of the Mediterranean basin. The 

values plotted in the pictures are deviations with respect to the mean values of the reference period 1961-1990.

The climate change projections obtained from the CIRCE models are overall consistent with the findings 
obtained in previous scenario simulations, such as PRUDENCE, ENSEMBLES and CMIP3. This agreement 
suggests that the results obtained from the climate projections are robust to substantial changes in the 
configuration of the models used to make the simulations.

Figure 3. Evolution of the steric component of the Mediterranean basin sea-level anomalies from 1951 to 2050 as 
simulated with the CIRCE models (thin lines). The anomalies are expressed in cm and have been computed with respect to 
the 1961–90 mean. The thick black curve is the CIRCE multimodel mean, whereas the shading is the CIRCE multimodel 
standard deviation with respect to the multimodel mean. To highlight the long-term trends, the interannual variability has 

been filtered by applying 5-yr running mean.
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Finally, the CIRCE models produce a 2021-2050 mean steric sea-level rise that ranges between +7 cm and +12 
cm, with respect to the period of reference (Figure 3).

Within the CIRCE project the results obtained from these models have been used to investigate the climate of 
the Mediterranean region and its possible response to radiative forcing. Furthermore, the data have been made 
available for climate change impact studies that are included in the Regional Assessment of Climate Change in 
the Mediterranean that has been prepared in the context of the CIRCE project.
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The Sacral Sense of Water
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“Great art Thou, O Lord, and marvelous are Thy works, and there is no word which sufficeth to hymn Thy 
wonders!”

These are words of the Epiphany and words of prayer spoken when water is sanctified. They are addressed to 
God the Creator of all things, to hallow the water through the mediation of a priest. This is a wonderful and 
astounding practice throughout the world, where there are springs, creeks, rivers, river basins, lakes, seas and 
oceans near those who utter these sacral words on the 19th of January, the Day of Epiphany, whereupon the 
hallowed water becomes perpetually usable, becomes holy water. The entire sanctification ritual is conducted 
using the original text of the prayer, ending with the troparion “At your baptism in the Jordan, O Lord...“. 
Ordinary water becomes converted, transformed, and through it all creation is inherently brought into harmony 
with water. In other words, water by its very nature becomes a synonym for all that surrounds us. Ordinary 
water becomes “living water”, a substance that makes everything holy. As worldly life is unimaginable without 
water, so is spiritual life. Water is used at baptism, in the same way as when Christ was baptized in the Jordan 
by St. John, consequently called The Baptist. Our baptism in water, most appropriately through immersion 
in water, becomes a cosmic event because every baptism is considered to be the first day of our new life, life 
not of our body unto death, but unto eternal life and eternal rejoicing. Baptism in water becomes the root of 
everything else in our spiritual life. And nothing comes to be unless previously assumed through baptism.

Water is an elementary substance, considered to be sacral by both those who know what the word means in 
its etymological sense and those who at first sight perceive it as a random gift of nature. The secret of water, 
as our common nurturer, makes us all conciliatory since it leads us to the answers regarding our origin as we 
dwell in life: water is used for drinking, as an ingredient of the food brought to our table, to wash our face in 
the morning and maintain personal hygiene, to wash and clean things around us, to irrigate our crop-bearing 
fields, as medicinal water from holy and miraculous springs, water from impounded rivers that serves as a 
source of energy used to the fullest extent for various purposes, waterways used by vessels to provide special 
means of communication, water that divinely falls from the sky in the form of rain or morning dew that yields 
to the morning light, and water that turns into the liquid of life in each living body. Modern civilization in our 
part of the world/Christianity is aware of the necessity and importance of water and dedicates a hymn to Him 
who gives us water. Prayers say: “You have stretched out the Heavens as a curtain; You have founded the earth 
upon the waters; You have bounded the sea with sand; You have poured forth the air for breathing... O Loving 
King, be present now and through the descent of your Holy Spring, hallow this water... And give to it the Grace 
of Redemption, the Blessing of Jordan... Make it a fountain of incorruption, a gift of sanctification, a loosing 
of sins, a healing of sicknesses, a destruction of demons, unapproachable by hostile powers, filled with angelic 
might.” In continuation of this unique reverence, unseen dignity and power are attributed to water. The next 
prayer in the sanctification of water says: “We pray You, O Lord, let every airy and invisible specter withdraw 
itself from us, and let not a demon of darkness conceal himself in this water... But do You, O Master of All, 
declare this water to be water of redemption, water of sanctification, a cleansing of flesh and spirit, a loosing 
of bonds, a forgiveness of sins, an illumination of soul, a laver of regeneration, a renewal of the spirit, a gift 
of sonship, a garment of incorruption, a fountain of life. For You have said, O Lord: ‘Wash, and be clean; put 
away evil from your souls’. You have bestowed upon us regeneration from on high by water and the spirit. 
Manifest Yourself, O Lord, in this water, and grant that he (she) that is to be baptized may be transformed...”

Water as a liturgical instrument

Then again, in the holiest of services, the Divine Liturgy, water becomes an unavoidable constituent of divine 
gifts. Not only does the priest wash his hand before service, he also mixes water with wine, to remember the 
time when a Roman soldier plugged a spear into Christ’s ribs, and when blood and water emerged from the 
wound, signaling the end of life. Water is mixed with wine to move in a different direction, towards new life 
through worship. Thus joined at the holiest moment of liturgy, called anamnesis and epiclesis, these gifs are 
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transformed into the true blood of Christ, in the same way as bread will become the body of Christ. The activity 
and the need for water do not end there. Instead, just before communion, warm water, called zeon, is added 
to the divine gifts, because it symbolizes the warmth of our faith. Understandably, all that reflects the reality 
or symbolism of water has a stronghold in the Old Testament. On the very first page of the Bible we read that 
before all creation, the Spirit of God was hovering over the face of the waters. Water was thus pre-matter 
for everything created and existing to the present day, and will continue to be so unto eternity. Materialists 
through historical ideology, and those whose scientific thoughts were not followed through, intentionally 
avoiding the name of the Creator in the makeup of the word, claimed that life began in water and that water 
is the true homeland of, among other beings, man. That water can be a whip and right hand that lashes and 
caresses humanity is demonstrated by numerous examples from the Old Testament: from the great deluge 
and punishment for the contamination of the world by human sins at the time, to the means of salvation of 
the Jewish people and their miraculous crossing of the Red Sea from Egypt into the Promised Land. Another 
example from the Old Testament describes how Moses struck a rock with his staff and water gushed out, to 
satiate the thirst of countless people, and how bitter water became sweet and usable holy water. And so on from 
example to example.

Biblical events recounted in the New Testament demonstrate the power of water through Christ. People gathered 
near wells and The Savior came to say his novel, most exuberant words of salvation, drawing on examples of 
miracles that have occurred at those very places. Many blind people regained their sight upon confirmation of 
their faith and when they washed their faces with water, they could see the first light of day in their life. Many 
mineral springs traditionally used for their medicinal water became the sources of miracles that most directly 
demonstrated the divine power, and the lame, crippled, melancholy and ill were instantly cured. The most 
direct sense of the sacral and indispensable nature of water is described in the Gospel of John, depicting Jesus 
talking to a Samaritan woman. At a historical well Christ met a woman of the lowest descent and asked her for 
water. Since she could not comply because the well was very deep, Christ in effect revealed himself when he 
spoke the words: “If you knew who it is that is saying to you, ‘Give me a drink,’ you would have asked him, 
and he would have given you living water...to never be thirsty.” Once and for all, it was intimated that water 
can symbolize the entire knowledge of salvation, theology, wisdom of life, the purpose and goal of existence 
and the governing principles, through the expression “living water”.

Cosmic dimensions of water

It would be unfitting not to recall the sacral importance of water and not to remember the original sages who in 
the very distant past referred to it as a cosmic period. Before all later periods to be revealed in anthropological 
time, through to contemporary post-modernism, ancient seekers of the meaning of the order of the world 
claimed that there were four elements of life. They nearly always gave precedence to water as the basic 
element, followed by soil, air and fire. The latter elements should not be disregarded as they ought not to be 
represented in a discursive sense. Their essence is immeasurably deeper than we think. Soil is the foundation 
of everything and all that persists, and in its own way gives life to all that dwells upon it, but also to all that 
grows from it. Air is the ether that is breathed and that gives special life to reasoning beings. The Second 
Person of the Holy Trinity is commonly compared to air, as something that represents all that is immaterial in 
the human mind. Fire is something that, like the human inner force, provides heat and maintains dynamics. But 
water is still a distinguished element, which permeates or unites everything. Similar to Christianity, water is 
sacral and significant to other religions as well. It has a special place in Hinduism, as it is believed to have the 
divine power of purification. For Hindus all water is sacred, especially rivers; there are seven holy rivers: the 
Ganges, the Jumna, the Godavari, the Saraswati, the Narmada, the Indus and the Cauvery. Although Hinduism 
encompasses many different beliefs, water is sacred to them all. Its essence is equally related to physical and 
spiritual purification. Pilgrimage is a very important ritual to Hindus. Temples are often found on riverbanks, 
seashores and mountains. Places between land and rivers, especially three rivers, are very significant, often 
with special shrines. Holy water reflects the castes that made up the entire system of life in ancient India. In 
Islam, water is important for spiritual life, due to physical and spiritual purification. Muslims must be ritually 
clean before prayer. Some prayer venues, like certain mosques, have courtyards with pools of clean water for 
this ritual. Water is not less important in other religions, like Judaism, Buddhism, Brahmanism, and the like. 
All this simply means that water originates from a divine fountain and is a gift of The Creator. And if there is a 
common denominator to all creation, it would primarily be found in the secret or miracle of water.
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Lesson

In our time, the time of technological advancement, an important topic of deliberation is imposed on us, which, 
unfortunately, the modern world increasingly tends to forget. It is the topic of our relationship with and our 
obligation to God and to mankind. Naturally, stemming from this relationship is our attitude towards nature 
that surrounds us, and particularly water.
 
The biblical story about the creation of man relates that man was created in the image of God. Man came into 
being at the end, as the crown of God’s creation, preceded by the creation of nature. Man, therefore, heads all 
of nature and gives essence to all that exists. This report suggests that man, as the last link, has the task to bring 
the world, all of creation, into unity with God. St. John Chrysostom said on one occasion: “Man is to nature 
as God is to man.” In other words, man, as the only reasoning but incomplete being, must elevate himself, and 
also nature, to perfection.

Water as a divine gift

This was the spirit of the original divine plan about man in the world—to forever live in unity with God, his 
Creator. God, therefore, certainly did not create the world and man to then leave it to man to arrange it on his 
own, with no deliberation, as Voltaire and Spinoza believed in the Age of Enlightenment, but instead to care 
for it and invite all people under his fold. As the sun is reflected on still water, according to the deep thoughts 
of Bishop Nikolaj Velimirović, so is our awareness reflected in creation, including, above all, water.

For this reason it would be best to compare the need for and the essence of water to virtue and the importance 
of love. Our spiritual existence is tied with love: love of God, but also love of others, as well as the third 
synergic love of the world around us. All the gifts received exist as a means of achieving the greatest gift of 
all—love—so that through the gifts he has received man may bestow himself, to demonstrate love. However, 
in order to achieve this, man must live in synergy with his Creator, to work with God. We could say that this 
work with God relies on the adherence to God’s commandments. In other words, it is man’s duty to follow the 
law of God. However, the law of God does not end there, but extends to nature as well.

Water as nature’s common denominator

In a nutshell, there is nothing in our life that is neutral. All that we do and think, we do and think unto God 
and before God. It is impossible to love God and be good to God, and not love another and be good to another, 
like to all of God’s creation, primarily to water as the denominator of all creation. For if we love God and are 
responsible unto Him, then we also love His creation.

By distancing himself from God, man increasingly perceives other human beings and nature as something 
isolated from him, something alien, and less as an intertwined community, his home, where he is the priest 
not in the service of nature but its Creator, who is the fountain of existence and who gave “everyone life and 
breath” (Acts 17:25).

With such a mindset and perception of creation, especially of water, man ceases to view life as God’s gift to 
man, but as a means of biological existence, and expends all his efforts in favor of such existence. Because of 
such a mindset and perception of life and the world, man departs from the true meaning and connotation of his 
existence, and sees nature only as a place where he dwells. And his inner spiritual state is inevitably reflected 
on the outside world, on everything that surrounds him.

It is man in his relationship with God, his kin, and God’s creation, who creates harmonious co-existence and 
heaven on earth. We are reminded of this by St. Maxim the Confessor, that man can turn the earth into paradise 
only if he carries paradise within himself.

If there is true cognizance of God, as the cause of the world and mankind, with whom all nature strives to 
unite through man, our attitude towards other human beings and nature will not only be humanitarian, but also 
spiritual and reverent, where people and nature are a temple, and not mere objects and a repository of assets to 
be used for sheer biological existence.



48

Each man was created as a free personality, and personality is an expression tied with relationships, with a 
community. Without freedom there is no personality, only things. In that sense, freedom should be understood 
as freedom expressed through love of another, because only if we love someone do we turn them into a 
personality, they are a person to us, they exist to us and our existence depends on their existence. A person 
cannot exist alone. “I” emerges from the relationship with “You”, and the existence of one person is linked 
with togetherness with another.

God, man, nature

In other words, man, as a personality, comes into being and exists only in a union of love with another. Only 
in a union of love is personality absolute and unrepeatable. Only when we love another, do we see through 
them the entire existing world. The world that appears to us in the person we love and with whom we are 
ontologically connected, is the only real world to us. Conversely, when we lose the one we love, we lose 
everything, including our personality.

Our relationship with other people close to us can be described by an example from our everyday life. There 
are many people around us with whom we meet daily and communicate in very broad terms, but they are not 
anything special to us. Similarly, there are many things that we see or use in our everyday life, without noticing 
that they are there, that they exist.

However, if any such thing is given to us as a gift out of love for us by the person we love, then it ceases to be 
an ordinary thing. It becomes something special and precious to us. It seems as if it has just come into existence 
and gained a life of its own in our eyes. And if we happen to lose such a thing, we are perplexed. As if we had 
lost something irretrievable. That particular thing has become irreplaceable, even though there are thousands 
of such things.

This experience shows us that nothing can exist on its own, impersonally. Also, it is not the same when the 
person we love gives us something of their own free will, and when we take it. On the other hand, when 
the unity with the person we love is severed, then even the things they have given us are lost, they became 
insignificant and return to anonymity, and the world in general dims in our eyes until we begin to love someone 
else.

The environmental crisis caused by man by his wrongful, solely exploitatory attitude towards nature is in 
essence anthropological. The way man perceives and experiences nature, always guided by personal motives, 
has distanced him from nature as he views it as an instrument, not as a part of himself.

In the biblical narrative about the creation of man we come across the response of nature to man’s attitude. It 
says that nature has begun to grow “thorns and thistles” (Genesis 3:18), and that man has forgotten his original 
purpose, to be a link between God and God’s creation. Man is a warden to whom a treasure has been entrusted 
for safekeeping and for which he is responsible unto God.

The relationship between man and nature must not be at odds, but solely a positive, loving relationship. God 
did not create the world only to see it ruined and destroyed. The only solution to the environmental crisis lies 
in the love of nature. Therefore, in view of the basic fact of theology and anthropology that God is love and 
that love is the fountain of life, the only thing we owe to God, to our kin and to creation, and thus ultimately 
to ourselves, is love.
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In September 2013 the Intergovernmental Panel on Climate Change (IPCC) approved a document (Stocker et 
al, 2013), which gives an assessment of the current state of knowledge of climate change. In fourteen chapters, 
the report gives an overview of the observed climate change, and the scientific understanding of the processes 
involved. It presents projections for the near-term and long-term future. The report states that the “warming of 
the climate system is unequivocal” and that “it is extremely likely that human influence has been the dominant 
cause of the observed warming since the mid-20th century”. The “oceans have warmed, the amounts of snow 
and ice have diminished, sea level has risen and the concentration of greenhouse gases have increased”. Model 
calculations suggest that a “continued emission of greenhouse gases will cause further warming. Limiting 
climate change will require substantial and sustained reductions of greenhouse gas emissions”. The global 
surface temperature change for the end of the 21st century is likely to exceed 1.50oC relative to 1850 to 1900 
for all RCP scenarios except RCP2.6”. And, “a nearly ice-free Arctic Ocean in September before mid-century 
is likely for RCP8.5” (highest scenario).

We know from archaeological evidences that civilisations have developed and decayed. One of the major 
concerns about the anthropogenic climate change is that it will have a major influence on our present day living 
and that it might lead to a state when regions become uninhabitable. We can employ the same tools, i. e. climate 
models, downscaling methods and hydrological models, which have been developed to estimate the future 
climate change, to calculate the environmental conditions and their transformations in the past. 

For the Holocene, the greenhouse gas concentration, the total solar irradiance, the orbital parameters and the 
volcanism have been deducted from proxy-data. They can be used to drive time-varying three-dimensional 
general circulation models to gain an estimate of the past. The largest obstacles are restrictions in the available 
computing resources, which limits the simulations to 2000 years with a low-resolution model.

As an examples serves a model study (Berking et al, 2012), in which the Milankovitch-Cycle (Milankovitch, 
1941) has been identified as most important driver for climate change. It focuses on the ancient Meroitic city of 
Naga, which is located in Sudan 40 km south of the river Nile. It dates back from the 4th century BCE to the 4th 
century CE and is todays situated in a sandy desert. This study is carried out in cooperation with the “Deutsches 
Archäologisches Institut” in Berlin, is funded by the “Deutsche Forschungsgemeinschaft” via the cluster of 
excellence “TOPOI (The Formation and Transformation of Space and Knowledge in Ancient Civilizations)”. 

While paleoclimatic proxy data for precipitation often represent annual means or sums, local adaptation 
strategies for water harvesting in arid and semiarid environments, often rely on rainfall events on shorter 
(daily or sub-daily) time scales. In this study hydrological and climate models are combined to investigate the 
environmental conditions sufficient for the usage of water harvesting strategies on a monthly to sub-daily time 
scale. 

To adapt to the low frequency occurrence of runoff events the residents of the ancient city constructed a hand-
dug water reservoir, the “Great Hafir of Naga”. 

To analyse rainfall trends of the annual wet season during northern hemisphere summer a statistical downscaling 
model for July precipitation in Naga is developed. The important threshold for a rainfall amount that leads 
to runoff, which can be collected and stored in the Hafir, is derived from a hydrological model. Time-slice 
experiments with the global general circulation model ECHAM5 with a spectral horizontal resolution of T106, 
(approx. 1.1° lat x1.1° lon), driven with calculated changes of the orbital parameters (Berger and Loutre, 1991), 
reconstructed solar irradiation and reconstructed greenhouse gas concentrations are employed to investigate 
the reoccurrence interval of the necessary rainfall events. 
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The statistically downscaled precipitation time series reveals a trend towards dryer conditions from 6000 to 
about 2000 years before present and no significant changes for the last 2000 years. The time-slice experiments 
give evidence that the reoccurrence frequency of rainfall events passing the critical runoff threshold was 
significantly higher 3000 years ago than during the last 2000 years. Therefore results indicate that while 
conditions were still favourable when Naga was founded, the deteriorating climatic (hydrological) conditions 
after 2000 BP lead to a steady decline of the culture in the following centuries. The shift in precipitation can 
be attributed to a shift in the Inter-tropical convergence zone (ITCZ). Its northernmost extent is linked to the 
insolation, which is a function of the orbital parameters, i. e. the Milankovitch parameters. The city of Naga 
represents a prime example how changes in the large-scale climate can lead to a deterioration of the local 
climate that even a highly developed human culture cannot compensate.
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Extended abstract

The objective of this paper is to shed light on the financial aspects of water management in Serbia over the next 
decade (2014-2024) and in the longer term (next 20 years, 2014-2034). 

The directions of water resources development are set forth in the most recent Water Management Strategy of 
the Republic of Serbia, and the adopted Agricultural and Rural Development Strategy of Serbia. Jaroslav 
Černi Institute from Belgrade (JCI) has conducted research and assessments to provide the groundwork for 
the development of the Water Management Strategy. The outcomes of those efforts and the assessments and 
publications of eminent domestic and international institutions (UNESCO, WB, EU Commission, World Water 
Forum, IMF, EBRD, national statistics in SEE countries, etc.) were used to produce this paper.

First some of Serbia’s most recent macroeconomic indicators will be presented, along with several 
macroeconomic indicators of select South East European (SEE) countries, including the output gap of transition 
economies in the past two decades. Real economic growth, as measured by changes in the gross domestic 
product (GDP), external debt, fiscal balance, foreign direct investments, credit rating and other macroeconomic 
indicators, is analyzed.

It is especially important to highlight estimates and projections of needed funding for day-to-day operations 
and capital expenditures in Serbia’s water sector, in the mid- and long-term. In the absence of substantial 
capital expenditure, the agricultural, industrial, and transportation sectors, as well as Serbia’s economy as a 
whole, will definitely suffer, as will households and the public sector.

The paper also underscores the key risks and challenges on the way to water resources status improvement in 
the coming years.

Significant findings of the present study of Serbia’s water resources include the following:

• Over the past twenty years of so, water sector spending on both new capacities and maintenance of existing 
infrastructure has been lackluster. The development of water resources slowed down considerably, due to 
insufficient investment in the water sector, inadequate organization and management of water resources, 
and adverse effects of a series of other internal and external factors.

• This, among other things, was demonstrated by the recent major floods, as well as droughts, that have 
afflicted Serbia, along with all their adverse consequences for the population and economy.

• In our assessment, despite the 20 years of stagnation, the high-quality core has persisted, as a nucleus 
for future water sector development. In this regard, the national government needs to play the most 
important role because it is at that level that the needed legislative, institutional and other prerequisites 
have to be met in order to jump-start an investment cycle, including a favorable environment for the 
participation of domestic and international financial institutions. This will in turn improve domestic 
capacities (through training of a large number of new engineers and other specialists, substantial 
financial infusions and the like) in all basic and ancillary areas of water sector activity, which will ensure 
effective implementation of capital projects.
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Major macroeconomic indicators

After the year 2000, real economic growth in Serbia first accelerated and then slowed down, especially during 
the global economic downturn from 2008 to 2012. From 2001 to 2013, Serbia’s average GDP growth rate was 
3.0% per annum.

Since 2000, the water sector’s growth rate has been inadequate and much slower than Serbia’s overall economic 
growth. Namely, according to official statistics, the water sector’s GDP growth rate from 2001 to 2013 was 
negative and amounted to -1.1% per annum on average.  

In the past 25 years, the output gap associated with transition economies was characteristic of Serbia and most 
SEE countries, compared to the real economic growth of EU countries.

GDP growth rate 1988-2013 (annual average), in %
Serbia -1.8

Bulgaria 0.8
Hungary 0.8
Romania 0.8
Greece 1.1

Bosnia & Herzegovina 0.8
Montenegro -0.1

FRY Macedonia -0.1
Slovenia 1.4
Croatia -0.1

European Union 1.8

Estimates suggest that over the next 20 years (2014-2034), Serbia’s GDP will grow at an average annual rate 
of about 3%.

Serbia’s external debt is relatively high: 25.6 billion € in May 2014, or about 81% of GDP. It is one of the 
constraints that hinders domestic investments in the water sector, and partly foreign direct investments as well. 
A high external debt, expressed in Euro, is reported by the following SEE countries: Greece, Hungary, Turkey, 
Romania, Cyprus, Slovenia and Croatia. The highest levels of external debt (more than 90% of GDP) in the 
region exist in Greece, Cyprus, Hungary, Bulgaria and Croatia.

Serbia’s fiscal balance is unfavorable and has been 4-7% of GDP in the past several years. The government is 
undertaking stringent fiscal consolidation and other reforms to attract new investments.
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Foreign direct investments (FDIs) from 1997 to 2013 amounted to a total of 18.4 billion €, with a large 
proportion attributed to the period of privatization of state-held and other companies. Recent FDIs in Serbia 
have been lower. Serbia’s credit rating by the “big three” rating agencies (S&P, Fitch and Moody’s) was 
between B+ and BB- from 2012 to 2014, which made foreign investments rather more costly.

Spending in Serbia’s water sector

According to the baseline scenario and Serbia’s Water Management Strategy, in the next 20 years (through 
2034), Serbia’s water sector needs to spend 9.07 billion € (or 454 million € per annum on average) on capital 
projects, and 12.63 billion € (or 631 million € per annum) on day-to-day operations, which makes up a total of 
21.7 billion € (or 1.08 billion € annually). As a result, over the next ten years this level of water sector spending 
will increase its share in the GDP from 0.56% to 1.07% by the year 2024.

According to the minimal financing scenario, over the next 20 years additional funds will be needed to finance 
capital projects in the amount of 7.31 billion € (or some 365 million € per annum). Along with operating 
expenses of 12.63 billion €, this makes up a total of 19.9 billion € (or about 997 million € annually). The table 
below shows two investment scenarios for Serbia’s water sector in the next two decades.

Sources of funding needed for capital projects in Serbia’s water sector:
baseline scenario and minimal financing scenario (2014-2034), in million €

National 
water funds

Utilities- 
from water 

tariffs

Other 
sources 

(loans,etc.)

IPA and 
other 
funds

Local 
adminis-
trations

Financial 
resources 
of owners

Total

Baseline scenario 2020 600 1750 1900 1460 1344.5 9075
Minimal financing scenario 1650 530 1400 1480 1190 1060 7310

   Source: Jaroslav Černi Institute for the Development of Water Resources, Belgrade, Serbia

In the next decade, from 2014 to 2023, water sector spending would amount to: 3.5 billion € according to the 
baseline scenario and 2.5 billion € according to the minimal financing scenario. The graphic below shows 
water sector spending by year, from 2014 to 2023.
 

 Source: Jaroslav Černi Institute for the Development of Water Resources, Belgrade, Serbia

Apart from a series of systemic measures, actions and activities, in order to ensure the implementation of 
needed capital projects and at the same time support normal day-to-day operations in the water sector, it will 
be necessary to gradually increase water and wastewater tariffs over the next two decades.

According to the baseline scenario (20 years, through 2034) and Serbia’s Water Management Strategy, the 
average price of water per cubic meter of used water should be 1.3 €.  This means that the price of water needs 
to grow over the next 20 years at an annual rate of 4.2% (2014 permanent prices).
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The minimum price of water should be 1.05 € per cubic meter of used water in the next 20 years, and the 
increase should also be gradual through the year 2034. According to the minimal scenario, the average annual 
growth rate should be 3.0% (2014 permanent prices).

According to official statistics and surveys of water consumption by households, the average water and 
wastewater charge in Serbia in 2012 was 573 Dinars (or 5.1 €) per household per month. In 2012, urban 
households received average water bills of 710 Dinars (or 6.3 €) per month, while other households paid 376 
Dinars (or 3.3 €) per month.

In 2014, the average monthly charge for water and wastewater services is expected to be 790 Dinars (or 6.7€) 
per household. According to JCI estimates, urban households are paying 952 Dinars (or 8.1 €) per month, and 
other households 504 Dinars (or 4.3 €) per month.

According to the baseline scenario, the cost of household water and wastewater services in the next decade 
(2014-2024) would gradually increase from 6.7 € in 2014 to 17.9 € in 2024. 

According to the minimal scenario, the gradual increase would be from 6.7 € in 2014 to 11.1 € in 2024

Source: Jaroslav Černi Institute for the Development of Water Resources, Belgrade, Serbia

Capacities needed for water sector development

Assessments of available capacities involved in water management within Serbia suggest that primarily at all 
levels of administration, the number and structure of human resources are generally inadequate for efficient 
performance of all duties and tasks required by law.

The number of human resources at companies entrusted with direct operations associated with the water sector 
(water management enterprises and other companies) is rather satisfactory. However, the structure of these 
human resources, and the capabilities of the companies in terms of available machinery and equipment, are 
not always up to standard, as will be established in the licensing process. In the case of public utilities, it is 
believed that that the number of employees is greater than optimal, but that their qualifications are not always 
appropriate. 

JCI assessments show that the engineering capacities needed to implement development projects in Serbia’s 
water sector over the next 10 years include a total of some 2500 engineers, of whom roughly 1500 in planning 
and design, and 1000 in project implementation.
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 Challenges of Serbia’s water sector

The challenges of Serbia’s water sector in the mid- and long-term will be:

• Developments in Serbia’s real economy; 
• Implementation of fiscal strategy and fiscal consolidation; 
• Reduction in external imbalances;
• Increase in both foreign and domestic investment activity; 
• Boosting of public sector efficiency, and the like.

The Serbian government is undertaking rapid economic reforms and fiscal consolidation to: 

• Improve the business environment in Serbia; 
• Attract foreign direct investments (FDIs), and 
• Boost competitiveness in domestic and international markets. 
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Abstract

Solar irradiation, or time-integrated irradiance, most precisely explains how the insolation canon forces the 
stratigraphic record. Climate responses to insolation are typically seasonal in nature; irradiation for the season 
of response is the appropriate forcing. By example, the hydrologic cycle drives sediment production, transport 
and deposition. In Mediterranean climates, hydrologic intensity peaks in late fall-early winter months; the 
irradiation for these months registers as a depositional signal in the stratigraphic record. An example is 
given from Spanish Eocene stratigraphy. Signal transformations arise from the one-sidedness of deposition, 
post-depositional bioturbation and diagenesis, which amplify irradiation signal modulations and displace 
signal frequencies. Careful modeling of these effects sheds new light on long-standing issues presented by 
paleoclimatic proxy signals recovered from stratigraphy.
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The traditional view of the Pliocene is an epoch of geological time characterised by a stable warmer and wetter 
climate, reduced seasonality, reduced extent of arid deserts, the expansion of forests into the high northern 
latitudes, smaller ice sheets and higher sea-levels (e.g. Dowsett et al., 1996; Salzmann et al., 2013; Miller et 
al., 2013). All this apparently occurred at a time with a near modern continental configuration and atmospheric 
CO2 concentration (e.g. Badger et al., 2013). Such large changes in reconstructed environments and climates 
raise important questions regarding the sensitivity of the climate system to atmospheric CO2 concentrations 
in the long term (hundreds to thousands of years: Lunt et al., 2010; Haywood et al., 2013a), and suggest 
that policy makers should consider adopting a precautionary principle when working to define appropriate 
scenarios for reducing greenhouse gas emissions.

Numerical climate models have been used extensively to understand global and regional climate change, 
particularly during the Late Pliocene (e.g. Chandler et al., 1994; Sloan et al., 1996, Haywood et al., 2000; 
Haywood et al., 2013a). Models, in agreement with various proxies, suggest little change (compared to present-
day) in tropical temperatures with a progressive intensification of surface temperature warming towards the 
high latitudes (Haywood et al., 2013a). The hydrological cycle was enhanced and monsoon behaviour altered 
(Zhang et al., 2013). Energy balance analyses indicate that tropical temperature changes (although minor) were 
dominated by greenhouse gas forcing, while at high latitudes polar amplification was driven largely by changes 
in surface albedo as well as greenhouse gases (Hill et al., 2014).

Whilst models appear to be able to reproduce many large-scale patterns of Pliocene climate, on a regional scale 
important discrepancies between data and models are noted. For example, in North Atlantic models appear 
to underestimate the magnitude of surface temperature change (Dowsett et al., 2012; Dowsett et al., 2013a). 
If true this is potentially very important for the efficacy of model predictions of European climate during the 
Pliocene. Moreover, models may underestimate the degree of polar amplification in general (Haywood et al., 
2013a). Tropical land temperatures may be increased too much and the magnitude of precipitation changes 
indicated by pollen records may not be fully captured (Salzmann et al., 2013).

In studies of past climate the cause of data/model disagreements can be challenging to identify, with uncertainties 
in model predictions, boundary conditions/forcing and proxy records all playing a potential role. In the context 
of noted discrepancies for the Pliocene, efforts are underway to explore why models appear to fail to reproduce 
the magnitude of changes suggested by proxy data. These include, but are not restricted to, perturbed physics 
ensembles, model intercomparison studies and sensitivity tests to incompletely known forcing’s, locally and 
regionally important palaeogeographic effects and exploration of the validity of mean annual temperature 
reconstructions from proxies at high latitudes.

One aspect of Pliocene climate that has received insufficient attention thus far is the role that Milankovitch 
cycles played in driving regional variations in climate. Whilst the assertion that the Pliocene displayed reduced 
climate response to orbital forcing compared to the Late Quaternary is supportable given current evidence, is 
does not mean that variability in regional climates in response to orbital forcing did not occur. Detailed studies 
of Late Quaternary interglacials demonstrate that in terms of the regional expression of climate change, one 
interglacial event does not have to be exactly the same as another (e.g. Candy and Schreve, 2010). Given the 
difficulties in correlating one Pliocene climate record to another across large geographical differences, it is 
probable that our view of the Pliocene world is affected by time smearing (aliasing in proxy records). If so it 
may be unsurprising that model simulations set up with time specific orbital and other forcing’s are unable to 
capture the full extent of regional climate change suggested by proxy records (Haywood et al., 2013b).
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Using a full complexity climate model and orbital parameters derived using a widely applied astronomical 
solution, we explore the regional expression of climate variability between discrete “interglacial” events 
within the Pliocene, as well feedbacks on climate that result from associated changes in vegetation, ice sheets 
and CO2. As such we are lifting the veil to reveal the true nature of Pliocene climate and climate variability. 
Interglacial events in the Pliocene are seen to have discrete characteristics in regional climate response and 
even global mean temperature. The three lightest benthic oxygen isotope events within the Late Pliocene are 
all characterised by orbital forcing substantially different from present-day, underlining the role of orbital 
forcing, as well as the carbon cycle, in generating Pliocene warmth (Prescott et al., submitted and unpublished 
data). This fact has important implications for the utility of Pliocene as a guide to global change, as orbital 
forcing is not an important factor over politically or societally meaningful timescales. 

Our research indicates that more effort is required in the future to identify events within in the Pliocene that 
are the most relevant in the context of future climate change as well as for reconstructing climate and longer 
term sensitivity (Haywood et al., 2013a/b; Prescott et al., submitted). By considering orbital forcing, we can 
improve the potential fit between climate models and proxy climate data. To better integrate both proxy data 
and models in the study of Pliocene climates in the future, very high resolution, precisely dated and correlated 
proxy temperature records that concentrate on narrow windows of time around appropriate (in the context of 
the future) climate events are required (Haywood et al., 2013b; Dowsett et al., 2013b).
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Abstract

It is well known that the aridity of Sahara is controlled by the strength of the African summer monsoon 
(ASM), which oscillates on the precessional variability. The precessional variability of regional precipitation 
is also imprinted by the glacial-interglacial cycles during the Quaternary. Here, with climate simulations, 
we show that the African summer monsoon sensitivity to orbital change is magnified by a change in land-
sea distribution. Through a set of experiments with the Norwegian Earth System Model and the Community 
Atmosphere Model, we demonstrate that the African summer monsoon is drastically weakened by the Tethys 
Sea shrinkage during the Tortonian stage (~7-11 Ma), allowing arid, desert conditions to expand across North 
Africa. During the Tortonian stage, the Tethys Sea shrinkage not only alters the mean climate in North Africa, 
but also enhances the sensitivity of the African monsoon to orbital forcing. Although the orbital change causes 
similar heating on the top of atmosphere column, the large Tethys removes more energy from the atmosphere 
column thus leads to a less increase in net energy received by the atmosphere column. In contrast, the shrinked 
Tethys allows the atmosphere column receive more net energy, which magnifies the sensitivity of the African 
summer monsoon to orbital forcing. This example from deep time simulations indicates that changes in ocean 
states are potentially important for understanding the different climate responses to similar variations in orbital 
forcing.
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The hypothesis that the ice ages were caused by changes in the distribution of the Sun’s energy over the 
Earth, which in turn arise due to changes in the geometry of the Earth-Sun system, started developing more 
than two centuries ago and was formulated in a modern manner early in the past century (Adhémar, 1842; 
Croll, 1867a; Croll, 1857b; Milankovitch, 1941). Since the seminal work by Hays, Imbrie and Shackleton 
(1976), a plethora of studies has demonstrated a correlation between orbital variations and climatic change 
and, since the precession component is so highly amplitude modulated by the varying eccentricity of the Earth 
orbit, perhaps the most important feature through which the imprint of orbital variations may be ultimately 
recognized in geological records of climate variability is the amplitude modulation of the precession signal. 
Despite more than three decades of research, information on how these changes in orbital boundary conditions 
affected the frequency and amplitude of millennial-scale climate variability is still fragmentary. The Marine 
Isotope Stages (MIS) 19 and 21, two interglacial periods within the mid-Pleistocene climate shift and centred 
at around 785 ka and 840 ka respectively, provide an opportunity to pursue this question and test ideas about 
the mechanisms of the climate system’s response in the millennial band to a known orbital forcing. Similarly 
to the current interglacial, MIS 19 is characterised by a minimum of the 400-kyr eccentricity cycle, subdued 
amplitude of precessional changes as a result of the modulating effect of eccentricity, and consequently small 
amplitude variations in insolation (Berger and Loutre, 1999). On the other hand, a different astronomical 
signature distinguishes the preceding interglacial MIS 21, with stronger eccentricity-precession forcing and 
higher amplitude of insolation change. 

Here we examine the record of climatic conditions during MIS 19-23 (740-920 ka) using high-resolution 
stable isotope records from benthic and planktonic foraminifera from a sediment core in the North Atlantic 
in order to assess the stability and duration of these interglacials, and evaluate the climate system’s response 
in the millennial band to known orbitally induced insolation changes. Site U1313 was raised from a water 
depth of 3426 m at 41°00′N 32°58′W, on the upper middle western flank of the Mid-Atlantic Ridge during 
Integrated Ocean Drilling Program Expedition (IODP) 306 (Expedition Scientists 2006). Surface waters in 
this region are derived from the North Atlantic Current. Moreover, the site is in the path of the deep North 
Atlantic Deep Water (NADW) western boundary current as it exits the northernmost Atlantic. IODP Site U1313 
constitutes a reoccupation of Deep Sea Drilling Project Site 607, which has provided many important advances 
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in palaeoceanography during the last 20 years, including yielding valuable insights into the long-term surface 
and deep-water circulation patterns in the mid-latitude North Atlantic (among others, Ruddiman et al, 1986; 
Ruddiman et al, 1989; Raymo et al, 1989; Raymo et al, 2004). In a complementary way, in this work, special 
emphasis is placed on assessing the presence and the characteristics of the suborbital-scale variability in North 
Atlantic sea surface and deep-water hydrography.

Benthic and planktonic foraminiferal δ18O values indicate relatively stable conditions during the peak warmth 
of MIS 19, but sea-surface and deep-water reconstructions start diverging during the transition towards the 
glacial MIS 18, when large, cold excursions disrupt the surface waters whereas low amplitude millennial 
scale fluctuations persist in the deep waters as recorded by the oxygen isotope signal. The glacial inception 
during MIS 19 occurred at ~779 ka, in agreement with an increased abundance of tetra-unsaturated alkenones, 
reflecting the influence of icebergs and associated meltwater pulses and high-latitude waters at the study site 
(Naafs et al., 2011). Our data indicate also that interglacial MIS 21 was a climatically unstable period and was 
broken into four main interstadial periods, which have been identified and correlated across the North Atlantic 
region (Ferretti et al., 2010). These extra peaks tend to contradict previous studies that interpreted the MIS 21 
variability as consisting essentially of a linear response to cyclical changes in orbital parameters. 

Using a variety of time series analysis techniques, we evaluate the evolution of millennial climate variability 
in response to changing orbital boundary conditions during the early-middle Pleistocene. Suborbital variability 
in both surface and deep-water records is mainly concentrated at a period of ~11 kyr and, additionally, at ~5.8 
and ~3.9 kyr in the deep ocean; these periods are equal to harmonics of precession band oscillations (Berger 
et al., 2006). The fact that the response at the 11 kyr period increased over the same interval during which the 
amplitude of the response to the precessional cycle increased supports the notion that most of the variance 
in the 11 kyr band in the sedimentary record is nonlinearly transferred from precession band oscillations. 
Considering that these periodicities are important features in the equatorial and intertropical insolation, these 
observations are in line with the view that the low-latitude regions play an important role in the response of 
the climate system to the astronomical forcing. The precise mechanism by which the energy is transported 
into high latitudes away from equatorial regions is not easy to reconstruct from available proxy records, but 
experiments with Earth System models are in progress in order to provide useful insights into the way the 
climatic signal is transferred into the North Atlantic. 
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Introduction

Nested, limited area, regional climate models (RCMs) were developed nearly 20 years ago in order to 
circumvent the practical impossibility of making operational high-resolution climatic simulations at the global 
scale. The nested RCM technique consists of using time-varying large-scale atmospheric fields and sea surface 
temperatures from either a general circulation model (GCM) or re-analysis to drive a higher-resolution model 
over a limited region of the globe.

A key element in the development of any model trying to describe and predict some aspect of the natural world 
is its evaluation. As with GCMs, RCMs can be evaluated by assessing their performance in representing the 
observed climate. They can also be evaluated by using some perfect model approach, for example by comparing 
RCM simulated results with those obtained using a high-resolution GCM (i.e., Big Brother framework). A third 
way to evaluate the ability of RCMs consists on assessing the relative performance of the RCM simulation and 
the driving data to represent the climate over a given region. This kind of evaluation arises naturally from the 
fact that the RCM is not a self-contained tool and needs atmospheric and oceanic conditions from the driving 
data to simulate the climate of a given region. As a consequence, the least requirement for an RCM to be 
useful is that its simulation improves some aspect of the climate compared to that of the driving data. Studies 
comparing the relative performance of the RCM and the driving data are generally within an “added value 
(AV) framework” (Feser et al., 2011).

In the last decade, important efforts were devoted to assess the AV by RCMs and this search has not shown 
unequivocal gains. Instead, results show that the AV depends strongly on a variety of factors, including the 
general setup of the experiment and the particular climate statistics being analyzed.

The objective of this presentation is to describe some of the factors that influence the AV of RCMs and illustrate 
them by assessing the AV of a large ensemble of RCM simulations performed over eastern Australia.

RCM ensemble and evaluation dataset

The RCM ensemble used here was performed in the context of the NARCliM (NSW/ACT Regional Climate 
Modelling) project and consists of a 12-member GCM/RCM ensemble performed using three RCMs driven 
by four different GCMs for a present (1990-2010) and two future (2020-2040 and 2060-2080) periods. 
Three further simulations driven by the NCEP-NCAR reanalysis were performed for the period 1950-2010. 
Simulations were performed using a horizontal grid spacing of 10 km over a domain that includes southeast 
Australia  (black line in Fig. 1) embedded within a 50-km grid spacing domain that covers the CORDEX-
Austral Asia region (Fig. 1). A detailed description of the project can be found in Evans et al. (2014).
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Figure 1. Topographic map showing the outer and inner (in black) NARCliM model domains.

The evaluation of AV is made using an observation-based product from the Australian Water Availability 
Project (AWAP) consisting of the analysis of in-situ observations of rainfall, and minimum and maximum 
temperatures using robust topography-resolving methods. This product is developed by the Australian Bureau 
of Meteorology and is available over a grid mesh with a horizontal grid spacing of 0.05° for the period 1900 
to the present. 

Added value metrics

Let us suppose that we are trying to decide whether an RCM simulation adds value over the driving data in the 
representation of some climate statistics (e.g., mean seasonal precipitation). Assuming that the metric chosen 
to assess whether the RCM improves upon the driving data is given by the mean square error, then the AV can 
be defined by

AVtot=(XGCM-XOBS)
2-(XRCM-XOBS)

2=MSEGCM-MSERCM.                                       (1)

Define in this way, an RCM generates some AV if its error is smaller than the GCM one, i.e., if AVtot is positive. 
More insight about the sources of AV in Eq. (1) can be gained if the fields are decomposed according to those 
spatial scales that are permitted or not on the coarse-resolution grid mesh. Using that XOBS=Xls

OBS+Xss
OBS, 

XRCM=Xls
RCM+Xss

RCM and XGCM=Xls
GCM, and replacing in Eq. (1) we have:

AVtot=(MSEls
GCM-MSEls

RCM)+(MSEss
GCM-MSEss

RCM)+AVcov.                (2)

where MSEss
GCM=(Xss

OBS)
2. That is, the total AV can be separated according to large- and small-scale contributions 

and a covariance term (see Di Luca et al. (2013) for a more detailed description) . 
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In order to address the various factors influencing the AV, the quantity AVtot was calculated using a variety of 
variables (rainfall, minimum and maximum temperature), several percentiles statistics, regions with distinct 
surface forcings (e.g., land-sea contrast, complex topography, etc.) and several seasons.  

A few results

To briefly illustrate the kind of results that we obtain, Figure 2.a) shows the AV metric as described in Eq. (2) 
calculated between a 10-km RCM simulation and the driving NCEP reanalysis for minimum temperature in 
DJF. Results show that AVtot is positive for percentiles higher than the 50th percentile, suggesting that the RCM 
improves the simulation of the distribution of daily temperature compared with the driving data. The opposite 
occurs for the 50th percentile and below, hence the RCM deteriorates the lower part of the distribution. It is 
also clear that most of the improvements or deteriorations are coming from a distinct representation of large 
scales (i.e., 250-km column) that tend to dominate the whole field.

Figure 2.b) shows the same as Fig. 2.a) but for JJA. Interestingly, we found nearly the opposite result than in 
DJF, with the RCM now improving low percentiles and some deterioration compared to the NCEP reanalysis at 
high percentiles. Again, most of the differences arise due to differences at the 250-km spatial scale suggesting 
that minimum temperature is highly determined by large scales.   

a)                                                                   b)

Figure 2. The AV metric (see Eq. (2)) calculated between 10- and 50-km RCM simulations and the driving NCEP 
reanalysis, using the AWAP data as reference for minimum temperature in a) DJF and b) JJA. Both figures show the AV 

metric as a function of various percentiles (ordinate) and spatial scales (abscissa). 
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Abstract

Possible changes in the intensity of heavy precipitation events under a warmer climate are investigated using 
results from a set of 20 climate models taking part to the  Coupled Model Intercomparison Project phase 5 
effort (CMIP5). Future changes are evaluated as the epoch difference between the last four decades of the 
21st and the 20th Century assuming the Representative Concentration Pathway RCP8.5 scenario. As a measure 
of the intensity associated with heavy precipitation events, we use the difference between the 99th and the 
90th percentiles. Despite a slight tendency to underestimate the observed heavy precipitation intensity, the 
considered CMIP5 models well represent the observed patterns during both summer and winter seasons for 
the 1997-2005 period. Future changes in average precipitation are consistent with previous findings based 
on CMIP3 models. In addition, CMIP5 models show a projected increase of the width of the right tail of the 
distribution in a warmer climate, even over regions where nearly the entire precipitation distribution becomes 
dryer. This is the case of the Euro-Mediterranean domain. Possible differences in projecting future changes 
in intense precipitation events over Europe, based on a daily or a sub-daily (3 hours) time scale are also 
investigated.

Analysis results

Introduction

Changes in the frequency and intensity of extreme events can affect human health directly through heat waves 
and cold spells and indirectly through floods or pollution episodes [1, 2, 3]. Because of these large societal and 
economic impacts, it is of paramount importance to assess potential changes in the upper tail of the rainfall 
distribution. The availability of a new set of climate simulations for the twenty-first century, carried out with 
state of the art coupled GCMs produced for the fifth Coupled Model Intercomparison Project (CMIP5 [4]), 
gives us the possibility to investigate future changes in intense precipitation following one of the Representative 
Concentration Pathways (RCPs) considered as illustrative of potential future scenarios. The present analysis 
is performed following the RCP8.5 scenario, the one with the highest rate of increase in greenhouse gas 
concentrations within the new set of RCPs. The main aim of this work is to inspect changes in the shape of the 
right tail of the precipitation events distribution under warmer conditions over the Euro-Mediterranean region, 
comparing the last part of the twenty-first century with the last part of the twentieth century, as simulated 
by a set of CMIP5 climate models. The paper is organized as follows.  Section 3.2 describes the data and 
provides an overview of the methodology used, Section 3.3 presents the results of the analyses, and Section 
3.4 summarizes the main points of the study and concludes the paper.

Data and Methodology

For this analysis we use daily precipitation fields from a subset of the CMIP5 multimodel ensemble, consisting 
of simulations of the twenty  and twenty-first century climate performed with 20 coupled ocean-atmosphere 
climate models (see table 1).  CMIP5 simulations are conducted in support of the fifth assessment report of 
the Intergovernmental Panel on Climate Change (IPCC-AR5). The horizontal resolution of the atmospheric 
component of the considered models ranges from about 0.75 to about 3.5 degrees with a median of 1.7 degrees. 
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Two periods are analysed: the period 1966-2005 (hereafter PRESENT), corresponding to the last part of the 
‘historical’ CMIP5 simulation and the period 2061-2100 (hereafter FUTURE), run under the high-end RCP8.5 
scenario (5,6]. The ‘historical’ simulation is performed forcing CMIP5 models with observed concentrations of 
greenhouse gasses, aerosols, ozone and solar irradiance, starting from an arbitrary point of a quasi-equilibrium 
control run. The RCP8.5 scenario follows a rising radiative forcing pathway leading to 8.5 W/m2 in 2100.

The capability of the CMIP5 models to simulate the present climate in terms of heavy precipitation events has 
been assessed using daily data from the Global Precipitation Climatology Project (GPCP, [7]), of the period 
1997-2005 (hereafter PRES). In the rest of the paper, for the sake of simplicity we will refer to the GPCP data 
as ‘observations’. In this work we aim to assess potential changes in precipitation extremes that might have a 
societal impact, thus we mainly focus on precipitation over land.

To investigate how CMIP5 models represent the right tail of the precipitation distribution compared to 
observations, we computed the 90th and 99th percentiles (hereafter 90p and 99p) obtained by aggregating 
daily precipitation values, belonging to the investigated period, over each single grid point. Furthermore,  in 
our analysis, we want also to assess how heavy rainfall, defined as daily events with a precipitation amount 
greater than the 90p, might change in intensity. To this aim, we use the difference between the 99p and 90p, 
where the former is representative of very intense precipitation and the latter is the threshold used to define 
an event as heavy rainfall. This metric has been defined, separately for PRESENT and FUTURE climates, to 
quantify the width of the right tail of the precipitation distribution. Percentiles are computed for each model, 
on the corresponding original spatial grid. Individual model results have been then interpolated onto the GPCP 
regular grid to allow the multi-model averaging. 

For abbreviation purposes, we will refer to ‘future changes’ to indicate changes between the FUTURE (2061-
2100) and the PRESENT (1966-2005) periods. 

Results

Previous assessments [8] have shown that at global scale The 90p and 99p are consistently simulated at middle 
and high latitudes by CMIP5 models, but they tend to underestimate these indices in the Tropics, especially 
in the northern summer and also at high latitudes in the Northern Hemisphere during northern winter and 
Southern Hemisphere during northern summer. This tendency is noticeably less pronounced when only models 
with a horizontal resolution finer than 1.5 degrees are considered (about 50% of the CMIP5 models used in this 
analysis, see table 1), but the dispersion around the mean does not change (not shown).

Over the Euro-Mediterranean region the 99p-90p model ensemble mean properly captures observed spatial 
patterns, despite a general tendency to underestimate this metric (Figure 1) during summer and overestimating 
it during winter in Northern Europe. Future changes in climatological precipitation patterns (Figure 2 left 
panels) are overall coherent with previous findings [9] obtained using CMIP3 (the previous phase of the 
Coupled Model Intercomparison Project) models. During winter a general increase/decrease in precipitation 
over land is found in Northern/Southern Europe (45N is here used to separate the two mentioned regions). 
During summer, a similar behaviour is found but with a northward shift of the latitude corresponding to the 
change of sign (now 55N instead of 45N) if compared to winter results. Future changes in 90p (Figure 2, central 
panels) follow the described changes in average precipitation. The usage of 99p-90p gives the possibility to 
better investigate changes in the right tail of the distribution of precipitation events, especially over regions 
where both 90p and 99p increase/decrease. In fact, despite the very similar patterns found in future changes 
of climatological precipitation and 90p (Figure 2, left and central panels respectively), the 99p-90p changes, 
pertaining to heavy precipitation events (Figure 2, right panels), look different: in the FUTURE period the 
99p-90p metric increases in almost the entire domain, even over regions where average precipitation and 90p 
values show a decrease (red patterns in Figure 2). This is the case of southeast Europe during summer, where the 
width of the right tail of the distribution increases, even if nearly the entire precipitation distribution becomes 
dryer (i.e., decreases in total, 90p, and 99p precipitation). This positive tendency is then more pronounced for 
the rightmost part of the rainfall distribution, compared with the leftmost part in the FUTURE period with 
respect to the PRESENT period are shown. 
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Noteworthy the CMCC-CM model projected changes in 90p, during the winter season, differ, over different 
regions, depending on the different time scale chosen (Figure 3 right panels). Over the north eastern part of the 
investigated domain (black box in Figures 3), the projected changes in 90p are less pronounced if computed 
on a 3h time scale (Figure 3, lower right panel) compared to what is obtained at the daily time scale (Figure 
3, upper right panel). On the other hand, over Spain (Magenta box in Figures 3), the 3-hourly 90p projections 
are more pronounced than daily projections. Over the north eastern part of the considered domain, the range 
of attributable values to the frequency of occurrence of 3-hourly intense events within the day, is reduced in 
a warmer climate. In addition, over the same domain, even changes in the daily cycle of this metric seems to 
be affected, with a higher probability of occurrence of intense events during the night in the FUTURE period 
(not shown). On the other hand, over Spain, the range of attributable values to the frequency of occurrence of 
intense events within the day is projected to increase, with no changes in the daily cycle. 

Discussion and Conclusions

In this paper we apply the difference between 99th and 90th percentile of the daily precipitation resulting from 
a set of twenty CMIP5 simulations, with the aim of quantifying potential changes in the width of the right tail 
of precipitation distribution, thus to the range of values attributable to a heavy (greater than 90p) precipitation 
event. 

Precipitation intensity seems to increase more than mean precipitation under a warmer climate, over a 
substantial portion of the Euro-Mediterranean domain, confirming previous findings [10, 11, 12]. These changes 
are consistent with a greater moisture-holding capacity of the warmer air contributing to greater moisture 
convergence [13] and with the Clausius–Clapeyron dependence which is relevant for heavy precipitation 
events [14], which are able to empty the atmospheric moisture column [15, 16]. It is in fact well known that 
increases in atmospheric water vapour content are generally associated with increases in heavy precipitation 
in a warmer climate [17, 18]. The width of the right tail of the precipitation event distribution increases almost 
everywhere over Europe, independently of the direction in which the distribution evolves in a warmer climate, 
suggesting more heavy precipitation events especially. The increased availability of water in a warmer climate, 
is confirmed by the water vapour content (WCONT), vertically integrated through the atmospheric column 
(Figure 4). 

To a first approximation, if one considers no changes in precipitation efficiency (here defined as the ratio of 
total precipitation to total available moisture), we would link the increased width of the right tail of FUTURE 
precipitation distribution to the increased availability of WCONT: a precipitation event increases its probability 
to be associated with a column of air with a water content greater than what is available in the PRESENT 
climate. Regional changes in the atmospheric circulation patterns [19] might also alter the statistics of the 
heavy rain events. However a conclusive disentangling of the causes underlying the detected changes in the 
precipitation distribution is beyond the purpose of this work. In summary, despite the fact that model projections 
of future changes in heavy precipitation events in response to global warming might be underpredicted [16], a 
picture of a Euro-Mediterranean region with intensifying heavy precipitation events over the majority of land 
seems confirmed by CMIP5 model projections for the end of the twenty-first century, at least following a future 
scenario with a continuous rise in radiative forcing during the twenty-first century. This implies increasing 
risks for natural and human systems that are sensitive to wet extremes [20,14]. 

A dependency on the time scale chosen to define intense events (daily or sub-daily) is also found, investigating 
results obtained by the CMCC-CM model ([21] the higher resolution one available). This finding suggests that 
3 hourly and daily events belong to well distinct populations, especially during winter, reinforcing the needs to 
do not extend the information about intense events projections computed at daily time scale, to intense events 
on a shorter time scale.
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Model name Lat x Lon 
(degrees) Institute (Institude ID)

BNU-ESM 2.8 x 2.8 College of Global Change and Earth System Science, Beijing Normal University 
(GCESS)

CCSM4  0.9 x 1.5 National Center for Atmospheric Research (NCAR)
CMCC-CESM 3.7 x 3.7 Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC)
CMCC-CMS 1.9 x 1.9 Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC)
CMCC-CM 0.8 x 0.8 Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC)

CNRM-CM5 1.4 x 1.4 Centre National de Recherches Meteorologiques / Centre Europeen de Recherche et 
Formation Avancees en Calcul Scientifique (CNRM- CERFACS)

CSIRO-Mk3-6-0 1.9 x 1.9 Commonwealth Scientific and Industrial Research Organization in collaboration with 
Queensland Climate Change Centre of Excellence (CSIRO-QCCCE)

CanESM2 
 2.8 x 2.8 Canadian Centre for Climate Modelling and Analysis (CCCMA)

FGOALS-s2 1.6 x 2.8 LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences (LASG-IAP)
GFDL-CM3 2.0 x 2.5 NOAA Geophysical Fluid Dynamics Laboratory (NOAA GFDL)
GFDL-ESM2G 2.0 x 2.5 NOAA Geophysical Fluid Dynamics Laboratory (NOAA GFDL)
GFDL-ESM2M 2.0 x 2.5 NOAA Geophysical Fluid Dynamics Laboratory (NOAA GFDL)
HadGEM2-CC 1.2 x 1.8 Met Office Hadley Centre (MOHC)
HadGEM2-ES 1.2 x 1.8 Met Office Hadley Centre (MOHC)
INM-CM4 1.5 x 2.0 Institute for Numerical Mathematics (INM)
IPSL-CM5A-MR 1.2 x 2.5 IPSL-CM5A-LR Institut Pierre-Simon Laplace (IPSL)

MIROC5 1.4 x 1.4
Atmosphere and Ocean Research Institute (The University of Tokyo), National 
Institute for Environmental Studies, and Japan Agency for Marine-Earth Science and 
Technology (MIROC)

MPI-ESM-MR 1.9 x 1.9 Max Planck Institute for Meteorology (MPI-M)
MRI-CGCM3 1.1 x 1.1 Meteorological Research Institute (MRI)
NorESM1-M 1.8 x 2.5 Norwegian Climate Centre (NCC)

Table 1. CMIP5 models involved in this study. Bold values in the second column indicate horizontal resolution finer than 
1.5o.
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Figure 1. Measure of the right tail of  the precip. events distribution, represented as 99p-90p during the period 1997-2005 
as obtained by the observations (left panels) and CMIP5 (average over the 20 models, right panels). Upper panels refer to 

boreal winter and lower panels to boreal summer. Units are [mm/d].
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Figure 2. Future changes (2061-2100 – 1966-2005) in average precipitation (left panels), 90th percentile of precipitation 
(90p, central panels)  and width of the right tail of the precipitation events distribution   (99p-90p, right panels) following 
the RCP8.5 CMIP5 scenario, as averaged over the CMIP5 models. Upper panels refer to boreal winter and lower panels 
refer to boreal summer.  Units are [%]. White patterns over land indicate regions with seasonal precipitation lower than 

0.5 mm/d.
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Figure 3. 90th percentile of December-February precipitation computed at daily (upper panels)  and 3 hourly (lower 
panels) time frequency for the CMCC-CM model. Left panels represent the PRESENT 90th percentile and the right panels 
represent the percentage change in FUTURE scenario wrt  the PRESENT period. Units are [mm/d] for the left panels 
and [%] for the right panels. White patterns over land indicate regions with seasonal precipitation lower than 0.2 mm/d.

Figure 4. Water vapour content (WCONT), vertically integrated through the atmospheric column, during the 1966-2005 
period (left panels) and  increase in 2061-2100 wrt 1966-2005 as averaged over the CMIP5 models. Upper panels refer to 

boreal winter and lower panel refer to boreal summer. Units are [Kg/m2].
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To verify regional model performance under so-called perfect boundary condition, we ran NMMB model 
using boundary conditions from ERA40 reanalysis. Simulations were done for the period 1971-2000 and two 
resolutions of 14 and 8 km. Later, climate projections for 21st century are produced using boundary conditions 
from CMCC-CM global climate model and new IPCC AR5 scenario, RCP8.5.

Figure 1. Model domains

The unified Non-hydrostatic Multi-scale Model (NMMB) is developed at NCEP (Janjic et al., 2013). The 
NMMB can be run as a global and as a regional model. In addition, there is a possibility to run model in a 
global setup with several on-line nested regional domains, which can be stationary or moving depending on 
user choice. Horizontal differencing of the model conserves a variety of basic and derived quantities and 
includes the novel implementation of the nonhydrostatic dynamics. Vertical coordinate in the model is sigma 
p-hybrid coordinate.

The NMMB model performance of ERA40 downscaling is verified using standard verification scores over 
the territory of Serbia against data from national meteorological network and  two gridded observation 
datasets E-OBS (Haylock et al., 2008) and CARPATCLIM (Szalai et al., 2012) and ERA40 reanalysis, as 
well. Presented results show that model is capable for reproduction of observed climate characteristics and its’ 
performance is in line with results of other similar experiments with regional climate models (Heikkila et al., 
2010; Soares et al., 2012). Averaged annual bias of daily mean temperature is about 0.1°C and mean annual 
bias of daily precipitation accumulation is about -0.1 mm/day. It is shown that 8 km integration improved 
model performance, particularly in reduction of negative monthly precipitation bias during summer months in 
northern part of Serbia known as a summer drying problem. Possible reason for this is better representation of 
convective processes, which enables better representation of summer heavy precipitation episodes. 

Regarding the future, climate simulation is done for the period 1971-2100 applying the RCP8.5 scenario. 
Results obtained with NMMB model are compared with observations (period 1971-2000) and the results of 
EBU-POM/ECHAM5 model run for the period 1951-2100 and the A1B and A2 scenarios (Rajkovic et al., 
2013). Both model results are bias corrected using observed data from 40 meteorological stations in Serbia. 
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According to NMMB model results annual temperature will increase 2 to 6 degrees C moving towards the end of 
the century compared to 1971-2000. The EBU-POM change is 0.5 to 4 degrees. Increase in annual accumulated 
precipitation is expected for the period 2011-2040 for both models and all scenarios, with maximum increase 
of 18% for EBU-POM and A2 scenario and minimum increase of 6% for the NMMB model. Later during the 
century precipitation amounts decrease up to 12%. EBU-POM model shows smaller decrease than NMMB.
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Abstract

The coarse resolution of global climate models is not adequate to simulate climate at local scales. The objective 
of this work is to evaluate the downscaling of a global model output to higher horizontal resolution for the 
assessment of the climate change and variability in the city of Santos, located in southeast of Brazil. Present 
climate derived from HadGEM2-ES global model forced the regional climate model at higher resolution with 
two levels of downscaling to reach the 5-km resolution. The Eta model is used to generate the continental 
scale and local scale dynamical downscaling simulations. Evaluations showed that the local scale simulations 
followed the drivers’ large-scale circulation. The temperature and precipitation of the present climate was 
reasonably reproduced. Simulation of the annual cycle of maximum temperature exhibited good fit with the 
observations of the city of Santos in all seasons, whereas the annual cycle of minimum temperature was 
overestimated in all seasons. The 5-km resolution simulations showed substantial improvement over the 20-
km in the maximum temperatures, marginal improvement in the precipitation and, no clear improvement in the 
minimum temperature. The model overestimate of precipitation along the coastal areas near the city of Santos 
suggests that further adjustments in the model physics schemes are still required in this very high horizontal 
resolution. The information from this model output will feed risk assessment tools for studies in various social-
economic sectors in the coastal region of the city of Santos in Brazil.

Introduction

The city of Santos is located in the coast of Southeast Brazil, in the state of São Paulo. The area comprises 
about 280,000 km2, and the estimated population in 2012 was about 419,400. It holds the Port of Santos, one 
of the Brazilian major ports, and several industries. The region exhibits vulnerability to climate change for 
reasons such as: the high population density, of which about 16% live on the landslide susceptible slopes of the 
Serra do Mar Mountains, the intense economic activities, the constructions near the coastal areas, the pollution 
risks caused by the various chemical plant emissions in the surroundings, etc.

Climate change simulations based on CMIP5 global climate model runs have coarse resolution for the study 
of vulnerability in different socio-economic sectors in the metropolitan area of Baixada Santista. Regional 
Climate Models play the role of downscaling the global climate simulations to smaller area, where major focus 
lies.  

In order to assess climate variability over Baixada Santista, the Regional Climate Eta model was configured 
to run at very high resolution, which allows capturing the shape of the coastline, of the urban and vegetation 
preserved areas, and the complexity of the topography around the city of Santos.

This work contributes to the FAPESP Belmont Project in building a gridded dataset of higher resolution of 
the present climate and future projected climates over the case study site of the city of Santos in Southeast 
of Brazil. It is expected that the higher resolution data can be more suitable for impact studies at local scale 
around Santos.



81

Objectives

The objective of this work is to evaluate the downscaling of a global model output to a very high horizontal 
resolution for the assessment of the climate change at the city of Santos in Southeast of Brazil.

Data and methodology

The regional climate model (RCM) to be applied in this work is the Eta Model which has been evaluated 
in long-term integrations in the present climate (Pesquero et al., 2009; Chou et al., 2012) and produced 
projections of future climate change over South America (Marengo et al., 2012). The model has been used for 
weather forecasts and seasonal forecasts operationally by INPE. The HadGEM2-ES global model output was 
used to drive the regional climate model. Evaluations of the global model used in AR5 have shown general 
improvement over the models used in AR4 (Flato et al., 2013).

The urban area of Santos is located by the coast, whereas the preserved forest area is located inland, on the 
slopes of the Serra do Mar, where long history of road accidents and landslides have been recorded. 

The Eta model was configured at 5-km resolution in non-hydrostatic mode. The area of the study, the output 
grid, and the model output topography are shown in Figure 1. The land use map is derived by a combination of 
maps from Sestini et al. (2003) and Vieira et al. (2010). The model land-sea map was also improved in order to 
capture the details of the coastline. To downscale from HadGEm2-ES model from about 150-km resolution to 
about 5-km resolution, an intermediate Eta model at 20-km resolution was configured. Comparisons between 
20 and 5-km resolution runs were carried out for the present climate, the period between 1961-1990. The 
climate simulations started in 1960 and continued until 2099. This version of the Eta model is a combination 
of the versions described in Chou et al. (2012) and Mesinger et al. (2012).

a b c

Figure 1. Location of the city of Santos (a), the municipality is shaded and the model output grid is indicated (b), model 
output topography (metres) (c).

 
Evaluation of model simulations against observations are limited to the sparse observation network in a 
complex terrain region. Precipitation and temperature observations of the city of Santos are available from 
CIIAGRO network, for the period from 10 June 1996 until present.
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Results

Seasonal means

Seasonal mean values show that precipitation maxima occur along the coast in areas where heights are lower, 
during DJF (December-January-February), and minima occur in winter, JJA (June-July-August). In the city 
of Santos, maximum precipitation is located in the southwest side, whereas the minimum is located to the 
northeast where mountain heights rise sharply.  Although the precipitation gradient across the coast is similar 
to the pattern observed by Barbosa (2008), the simulations show a systematic bias of reduced precipitation on 
the mountain tops which Rodrigues (2013) also found. The surface precipitation dataset as applied by Barbosa 
(2008) is being constructed for evaluation of the model precipitation simulations.
 
a b

c d

Figure 2. Eta seasonal mean precipitation (mm/day) average between 1961-1990, for (a) DJF, (b) MAM, (c) JJA, and 
(d) SON. The city of Santos is contoured in red.

Variability of temperature pattern resembles the precipitation, with maximum temperatures along the coast, 
during DJF, and minimum temperatures over the mountains tops and in JJA. Mean temperature ranges between 
26 and 20oC along the year. In the city of Santos, maximum temperatures occur in the southwest side of the 
city, and minimum temperatures occur in the northeast side. Strong horizontal temperature gradient follows 
the strong variation in topography heights in the city. The temperature pattern follows the topography pattern.
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c d

Figure 3. Eta seasonal mean temperature, average between 1961-1990, for (a) DJF, (b) MAM, (c) JJA, and (d) SON.  
The city of Santos is contoured in red.

Annual cycle and extremes

The Eta model simulations do not follow correctly the annual cycle of precipitation. Although observations 
peak in January, model simulations have two precipitation peaks in the rainy period, in December and in March. 
Besides that, the dry period in the observations occur in two separate months of minimum precipitation, in 
June and August, whereas model simulations have minimum precipitation in July. The comparison of the Eta-
5km precipitation simulation against the Eta-20km, show mean values closer to observations for the higher 
resolution run.
 
The distribution frequency of precipitation shows that the two horizontal resolutions, 5km and 20km, have 
distributions and are similar to observations. At extreme higher precipitation rates, simulations are more 
frequent than observations.

The 5-km simulated maximum temperature follows closely the observed annual cycle curve, although it dips 
in August rather than in July. The mean annual cycle of 20-km maximum temperature is systematically lower 
by about 4oC. The distribution frequency of maximum temperatures shows good agreement between the 
5-km simulations and the observations, particularly in the extreme values of about 38oC. The simulated mean 
annual cycle of minimum temperature is warmer than the observations. The coldest temperatures are generally 
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observed in July, but model simulations tend to delay this by one month, to August. The distribution frequency

a b

Figure 4. Mean annual cycle of precipitation (mm/day) for observations taken from the city of Santos (black line), 
Eta-20km (red dots), and Eta-5km (green dots) simulations (a), and frequency distribution (%) of precipitation, from 

observation in the city of Santos (blue line), Eta-20km (red dots), and Eta-5km (green dots) simulations (b).

of  the minimum temperatures of the two model resolutions are very similar, but with 5-km version producing 
some warmer minimum temperatures that reach 28oC, however, observations do not exceed 26oC.
 
a b

c d

Figure 5. The annual mean cycle of maximum (a) and minimum (c) temperatures (oC). Curves show observations taken 
from the city of Santos in black line, and simulations from Eta-20km in red dots, and Eta-5km in green dots. The frequency 
distribution (%) of maximum (b) and minimum (d) temperatures. Curves show observations taken from the city of Santos 

(blue line), Eta-20km (red dots), and Eta-5km (green dots) simulations.
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Preliminary conclusions

Present climate in the city of Santos, Southeast Brazil, was simulated by the regional Eta model at 5-km 
resolution, nested in the Eta at 20-km resolution, which was driven by the  HadGEM2-ES historical simulations, 
for the period between 1961 and 1990.

Simulations show that precipitation and temperature were both reproduced reasonably well consistent with 
the topography distribution, with maximum precipitation values along the coast, which suggest that clouds 
were blocked by the mountain range of Serra do Mar. The mean temperature pattern resembles that of the 
topography, with minimum values on top of the mountains, and maximum values at the foot of the hills.

The increase of horizontal resolution from 20 km to 5 km has been beneficial to the simulations, in particular for 
the maximum temperatures. However, as resolution increases, the observational network for model evaluation 
should also be comparable.  Some more model adjustment tests will be carried out and model will be used to 
generate simulations of climate change driven by HadGEM2-ES RCP 8.5. The information from this model 
output will feed risk assessment tools for studies in various social-economic sectors in the coastal region of the 
city of Santos in Brazil. 

Acknowlegdments 

This work is a contribution to the project Belmont Forum / FAPESP no. 2012/51876-0. The first author would 
like to thank CNPq for the grant no. PQ 308035/2013-5.

References

1. Barbosa JPM, 2008: Avaliação de técnicas empíricas e estatísticas de identificação de extremos de 
precipitação para o litoral paulista e entorno. MSc dissertation. Universidade Estadual de Campinas, 
Campinas, SP, Brazil.

2. Chou SC,  Marengo JA, Lyra AA, Sueiro G, Pesquero JF, Alves LM, Kay G, Betts R,  Chagas DJ,   Gomes 
JL, Bustamante JF (2012) Downscaling of South America present climate driven by 4-member HadCM3 
runs, Clim Dyn 38:635 – 653. DOI 10.1007/s00382-011-1002-8

3. Marengo JA, Chou SC, Kay G, Alves LM, Pesquero JF, Soares WR, Santos DC, Lyra AA, Sueiro G, Betts 
R, Chagas DJ, Gomes JL, Bustamante JF, Tavares P (2012) Development of regional future climate change 
scenarios in South America using the Eta CPTEC/HadCM3 climate change projections: Climatology and 
regional analyses for the Amazon, São Francisco, and the Paraná River Basins. Clim Dyn 38(9-10):1829-
1848.

4. Mesinger F, Chou SC, Gomes JL, Jovic D, Bastos P, Bustamante JF, Lazic L, Lyra AA, Morelli S, 
Ristic I, Veljovic K (2012) An upgraded version of the Eta model. Meteorol Atmos Phys 116(3): 63-79.

5. Pesquero JF, Chou SC, Nobre CA, Marengo JA (2010) Climate downscaling over South America for 
1961-1970 using the Eta Model. Theor Appl Climatol  99(1-2):75-93.

6. Flato, G., J. Marotzke, B. Abiodun, P. Braconnot, S. C. Chou, W. Collins, P. Cox, F. Driouech, S. Emori, 
V. Eyring, C. Forest, P. Gleckler, E. Guilyardi, C. Jakob, V. Kattsov, C. Reason and M. Rummukainen, 
2013: Evaluation of Climate Models. In: Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
[Stocker, T. F., D. Qin, G.-K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and 
P. M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, 
USA. P 741-866.

7. Sestini MF; Alvalá RCS; Mello EMK ; Valeriano DM ; Chou SC; Nobre CA; Paiva JAC ; Reimer ÉS, 
2002. Elaboração de mapas de vegetação para utilização em modelos meteorológicos e hidrológicos. 
Internal Report. Instituto Nacional de Pesquisas Espaciais, São José dos Campos, SP. Brasil. 

8. Rodrigues DC, 2013: Testes com parametrização de convecção para casos de chuvas intensas em regiões 
montanhosas. MSc Dissertation, INPE, São Jose dos Campos, SP, Brazil.

9. Vieira RMSP; Alvalá RCS; Ponzoni FJ; Ferraz Neto S; Canavesi V. Mapa de uso e cobertura da terra do 
Estado de São Paulo. São José dos Campos: INPE. (INPE ePrint sid.inpe.br/mtcm19@80/2010/01.22.12.32).  
Available from: <http://urlib.net/sid.inpe.br/mtcm19@ 80/2010/01.22.12.32>. 2010.



86

Simulation of Quaternary Glacial Cycles with Milankovitch 
Forcing Only

Andrey Ganopolski, Reinhard Calov1 and Victor Brovkin2

1Potsdam Institute for Climate Impact Research, Germany
2Max-Planck Institute for Meteorology, Hamburg, Germany

It is now generally accepted that, as postulated by the Milankovitch theory, Earth’s orbital variations represent 
the major forcing of Quaternary climate variability. However the mechanism of glacial cycles still not fully 
understood. Among major scientific challenges remains the understanding of the strong link between global 
ice volume and atmospheric CO2 concentration. Here using the Earth system model of intermediate complexity 
CLIMBER-2 which includes all major components of the Earth system – atmosphere, ocean, land surface, 
northern hemisphere ice sheets, terrestrial biota and soil carbon, aeolian dust and marine biogeochemistry – for 
the first time we performed simulations of the Quaternary climate cycles using variations in the Earth’s orbital 
parameters as the only prescribed climate forcing. Thanks to high computational efficiency of the CLIMBER-2 
model we performed a large suite of model simulations aimed on accurate calibration of model parameters 
and better understanding the role of individual processes. We first generated hundred different model versions 
with variable combinations of key model parameters, primarily in its carbon cycle component, and performed 
simulations for the last glacial cycle. Based on the objective metric of model performance against paleoclimate 
data (CO2 concentration and global ice volume) we selected subset of the best model realizations and run them 
trough the last 400,000 years using orbital variations as the only prescribed external forcing. The modeling 
results are in reasonably good agreement with the paleoclimate data.

We found that the relative importance of the main drivers of atmospheric CO2 concentration change with time. 
In our model changes in ocean temperature and relative contribution of bottom water of southern origin explain 
CO2 drop during glacial inception, while carbonate chemistry and marine biology are dominant during the 
first and second parts of the glacial cycles, respectively. In our simulations changes in terrestrial carbon pools 
do not affect significantly glacial-interglacial CO2 difference but play an important role during deglaciations 
when large amount of inactive carbon (permafrost and soil carbon under the ice sheets) is realized into the 
atmosphere thus providing important positive climate-carbon feedback. We also explore a possible role of 
recently proposed mechanisms of CO2 glacial-interglacial variability related to brine rejection in the Southern 
Ocean and enhanced volcanic outgassing during deglaciations. 
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To understand better our current interglacial and its future, we have investigated the response of the climate 
system to insolation and GHG during the warm intervals (Climatic Optimum) of the interglacials over the past 
800,000 years using both LOVECLIM (Yin and Berger, 2010, 2012; Yin, 2013) and CCSM3 (Herold et al., 
2012; Nikolova et al., 2013). A particular attention is paid to the 5 warmest interglacials MIS-1, -5, -9, -11 and 
-19. If we identify the peaks of the interglacials with NH summer at perihelion, MIS-1, MIS-11 and MIS-19 
show a pretty similar latitudinal and seasonal distribution of the incoming solar radiation. When compared to 
the average of the last 9 interglacials, they are under-insolated over the whole globe during boreal summer and 
are over-insolated during boreal winter with a maximum at the South Pole. This insolation distribution leads to 
a cooling over all the continents in boreal summer and to a warming over the whole Earth, except the Arctic, 
in boreal winter. A warming over the Southern Ocean in austral winter occurs during MIS-1 and MIS-19 due 
to the summer remnant effect of insolation. However, this does not happen in MIS11 because the large global 
cooling during this season is dominating the remnant effect of the austral summer. This leads to MIS-11 being 
a cool insolation-induced interglacials and thus not as good an analogue of MIS-1 as MIS-19, at least as far as 
insolation is concerned. The CO2e of MIS-1 and MIS-19 is also practically the same (265 ppmv) but is larger for 
MIS-11 (286 ppmv). This pretty low value for MIS-1 and MIS-19 cools the Earth, reinforcing the insolation-
induced cooling during boreal summer and moderating the warming during boreal winter. The reverse happens 
for MIS-11 for which its higher value allows it to be finally classified among the warm interglacials. The best 
analogue to MIS-1 depends therefore upon the criteria used to select such an analogue. If the interglacial 
peaks are considered, their global annual mean temperatures are slightly lower than when NH summer occurs 
at perihelion due to a smaller obliquity and to NH fall instead of summer occurring at perihelion. MIS-5 and 
MIS-9 remain the warmest interglacials. MIS-11 and MIS-19 are now globally cooler than MIS-1 with a larger 
temperature gradient between the low and the high latitudes and no good analogue of MIS-1 can be found.

All snapshot simulations of the five interglacials show a global annual mean temperature higher than pre-
industrial time, except for the MIS-19 peak simulation. This similarity between the climate of MIS-19 at its 
δ18O peak and of the pre-industrial time extends to the regional scale and to precipitation.  This leads to the 
possibility of using the MIS-19 climate at its δ18O peak as an analogue for the natural climate of the present-
day and the next centuries, and underlines the necessity of obtaining more proxy-based climate reconstructions 
of high temporal resolution during MIS-19. In the transient simulations, the past interglacials are much warmer 
than PI in JJA, slightly warmer at the annual scale but cooler in DJF. This can be explained by the relatively 
small obliquity at pre-industrial time and its NH summer occurring at aphelion, both leading to much less 
insolation received by the Earth during boreal summer. 

In all simulations, the interglacials MIS-9 and MIS-5 are the warmest over the last 800 ka and, as such, are 
considered as analogues for our CO2-induced future warm interglacial, although their astronomical forcings 
are largely different from MIS-1 and its future. MIS-9 is the warmest and MIS-5, which is generally assumed 
to be a good analogue for the future warmth of our interglacial, is slightly warmer than the simulated present-
day climate.  If we look now for analogues of the whole Holocene and its future, it must be stressed that the 
next minimum of eccentricity at the 400-ka time scale is approaching. With this and a CO2 concentration at the 
interglacial level, and even larger under human influence, our interglacial was predicted to be exceptionally 
long (Berger and Loutre, 2002) from a simulation where a simple ice-sheet model was interactively coupled to 
the rest of the climate system. The same happened during MIS-11, its long duration having been confirmed by 
the EPICA record (Jouzel et al., 2007).
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Past warm intervals are critical experiments for testing how Earth system responds to climate changes under 
reduced ice sheets and free of any human interference. Over the last 800 kyr (thousands years), each interglacial 
has been the result of a specific interplay between the distribution of incoming solar radiation, greenhouse 
gas (GHG) concentrations, and ice volume, leading to a variety of warm periods that differ in terms of their 
intensity, character and duration (~8,000 to 30,000 years). 

To understand how the climate system varied with respect to changing boundary conditions one must examine 
ocean-atmosphere relationships at a large, multiregional scale. Such examinations rely on high-resolution and 
well-dated archives. However, only a few sparsely distributed records are presently available for characterizing 
the regional climate and vegetation responses over those periods. Based on the recently collected Iberian 
margin IODP site U1385, “Shackleton Site”, we will present the impact of different warm periods on Western 
Mediterranean vegetation and climate. We will pay particular attention to the best analogue from an astronomical 
point of view to our present interglacial, i.e. Marine Isotope Stage (MIS) 19c, ~800 kyr, and compare with 
contrasting interglacials, such as MIS 1 (our present interglacial) and MIS 11 both marked by weak insolation 
changes, and MIS 5e and MIS 13. MIS 5e, ~130 kyr, was a warmer period than today when a substantial part 
of the Greenland and Antarctica ice sheets melted; and MIS 13 was a lukewarm (cool) interglacial. Finally, this 
work intends to evaluate how astronomical parameters, ice volume, GHG concentrations and other processes 
may modulate western Mediterranean climate optima and millennial-scale variability during warm intervals.
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For evaluating the natural climate evolution and anthropogenic contribution to the present-day interglacial, it is 
of extreme importance to compare the Holocene to a large set of older interglacial periods to better understand 
the natural climate variability and associated forces. The forcing mechanisms responsible for climate conditions 
in each interglacial period need to be evaluated as a critical period of each climate cycle. Besides, detecting the 
natural climate variability during overall warm periods is also of extreme importance to solve key issues such 
as: a) the detailed relationships of high-frequency variability observed in temperate and high latitudes during 
interglacial periods and b) the role of global ice-volume/sea-level variations in both abrupt and longer-term 
climate changes. Presently, it is believed that orbital forcing is the main driving mechanism responsible for both 
the onset and the termination of glaciations; however, glacial inceptions and terminations are also dominated 
by other forcing and feedback mechanisms within the climate system. This change was in agreement with a 
variation in the mean state of the global climate system, involving an evolution towards lower atmospheric 
temperatures and higher global ice volume. To contribute to a better understanding on the above issues we 
are studying Marine Isotope Stage 21 to 9, in the recently collected Iberian margin sequence of Site U1385, 
the Shackleton site from IODP Expedition 339. We will present records for the past sea surface temperature, 
productivity and ocean-land interaction at orbital, millennial and sub-millennial scales.
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Increase in global temperature is one of the most evident changes in the climate system and it is assumed to be 
related with the increasing concentration of greenhouse gasses. Since the 1970ies the observed positive trend 
in temperature is 0.15-0.2 °C, while in Europe this trend is higher, ranging between 0.2-0.44 °C per decade. 
Changes are taking place in spatial and temporal distribution of precipitation, as well. In Europe there is an 
increase in precipitation amount, while in the south it is the opposite. In addition to these, there are changes 
in frequencies and intensity of extreme events related to precipitation like heavy rains, storms, floods and 
droughts. Regional aspects of global changes vary from region to region.

In this study we analyzed climate change in Serbia applying 27 climate indices defined by WMO. Climate 
indices condense relatively complex data into understandable information that can be used by a wide range of 
(end) users. They are suitable for impartial study of climate change. We used observational datasets and results 
of two regional climate models EBU-POM and NMMB for indices calculation. For each index decadal trend 
and its significance on 90% level of confidence (Mann-Kendal test) is determined.

Observational data are collected from 40 meteorological stations. We quality-checked, completed, and 
homogenized daily records for the period 1971–2000 by means of the Multiple Analysis of Series for 
Homogenization software (MASH version 3.03). The structure of MASH is described in Szentimrey (2011).

Regional climate model EBU-POM is a 2-way coupled RCM, with the Eta/NCEP-Limited Area Model as 
its atmospheric part and the Princeton Ocean Model (POM) as its oceanic part (Djurdjevic and Rajkovic, 
2008). In addition to research studies model is using for production of seasonal forecast in the Republic 
Hydrometeorological Service of Serbia (RHMSS/SEEVCCC). In this climate study boundary conditions for 
integrations are obtained from ECHAM5 global climate model (Rajkovic et al., 2013). Two simulations are 
performed for the future climate, both in the period 2001-2100, one under the A1B and other under the A2 
IPCC/SRES scenario (Nakicenovic et al., 2000). Resolution of the model is 25 km.

The unified Non-hydrostatic Multi-scale Model (NMMB, Janjic et al., 2013), has been used for a number of 
operational and research applications in RHMSS as well (Djurdjevic et al., 2013). The NMMB can be run as 
a global and as a regional model. In addition, there is a possibility to run model in a global setup with several 
on-line nested regional domains, which can be stationary or moving depending on user choice. NMMB model 
is run on the resolution of 8 km using boundary conditions from CMCC-CM global model. Climate projection 
till the end of the 21st century is done based on RCP8.5 IPCC/AR5 scenario.

The referent period utilized for both models is 1971-2000. Model results for minimum, maximum and mean 
temperature, as well as precipitation are bias corrected on daily level using observational datasets (Figure 1).  
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Figure 1. Average annual mean (Tg), minimum (Tn) and maximum (Tx) temperature from observations (upper) 
and obtained by regional climate models for the period 1971-2000: EBU-POM (lower left) and NMMB (lower 
right)
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Use of climate model simulations in impact studies can significantly contribute to the assessment of benefits 
in future strategic planning of economic development. Considering that Serbia is a country with relatively 
small scale terrain features and is focused on local agricultural economies, analysis of the climate change 
impact needs to be formulated accordingly. Impact studies based on dynamically downscaled climate model 
simulations using regional models for increased usefulness can be amended by statistical bias correction of the 
results. With these points in mind, impact studies are done using regional EBU-POM climate model simulations. 
Calculation of the main agricultural indices is done for the 21st century, in 30-year time intervals. Results show 
advancement of the start of the vegetation period toward earlier dates, associated with an increased risk of the 
late spring frost, extended vegetation period, disturbed preparation for the rest period, increased duration and 
frequency of the draught periods, etc. We present here the methodology applied and summary of the impact 
studies in agriculture performed for the territory of Serbia, arrived at using a multi-model approach. Based on 
the projected changes of the climate an application is proposed of the seasonal forecasts in agriculture for early 
preparation in case of upcoming unfavorable weather conditions.
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Seasonal forecasting system at RHMSS/SEEVCCC runs operationally every month since June 2009. The 
system is based on dynamical downscaling of the ECMWF seasonal forecast for seven months, with 51 
ensemble members, using a regional fully coupled atmosphere-ocean model, RCM/SEEVCCC. In order to 
calibrate, as well as determine quality of the forecast, long range ensemble reforecast dataset is developed 
(hindcast). The hindcast dataset consists of 15-member ensemble run over the 30 years (1981-2010). Because 
of the limitations in computing resources, so far RCM/SEEVCCC hindcast is done starting from November 
and December, each seven months in length. Various verification measures are computed for both the RCM/
SEEVCCC and ECMWF models with the hindcast for winter season, using direct model output as well as after 
using various calibration techniques. Verification is done using available observations from BUFR database 
and according to the WMO standard. Results of validation suggest that models have some skill over Europe, 
which is an encouragement for the future use and for the development of long range forecasts.
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Since Milanković postulated casual links between orbitaly controlled insolation change sand (Pleistocene) 
climate dynamics, the global palaeoclimate community has made significant progress in the understanding the 
numerous important patterns and shifts in late Cenozoic climate variation. However, the cause of events such 
as the middle Pleistocene transition, the mid Brunhes event, and changes in the expression of interglacials over 
time remain largely enigmatic.

A potential answer to some of these unsolved questions maybe related to Plio-Pleistocene environmental 
evolution in the Arctic Ocean. This highly sensitive region maybe regarded as a key driver of global climate 
because of variations in the form, intensity and permanence of sea ice cover, which have a profound impact on 
the Earth’s albedo, permafrost distribution and global thermohaline circulation. Yet the potential impact of the 
Arctic Ocean remains poorly understood.

Due to the specific morphology of the Arctic Ocean floor, changes in sea-level can have a dramatic effect on 
the palaeogeography and circulation in the region. Notably only a modest 50m sea-level falls required to cut-
off exchange with the Pacific through the Bering Strait,while many of the surrounding shelves have relatively 
shallow mean depths, for example the Laptev (48 m), East Siberian (58 m), Chukchi (80 m) and Beaufort 
(124 m) Seas. This implies that the Bering Strait could have been closed and much of the surrounding shelves 
exposed during frequent Pleistocene low stands. These are regions where the majority of sea-ice isformed 
today and surrounding exposed areas are associated with vast permafrost zones. More frequent flooding and 
subsequent exposure of the Arctic continental shelves would be associated with an alternationofthe extent of 
the permafost zone. These zones provide suitable conditions forsignificant storage of CO2 in large parts of the 
Northern Hemisphere. We propose that these processes operating during the Marine Isotope Stages(MIS) 5, 7 
and 9 limited “full” interglacial conditions to just MIS 5.5, MIS 7.5 and MIS 9.5.
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Knowledge of the past natural variability of climate at high northern latitudes during astronomical analogues 
of the present interglacial is crucial for understanding of future climate change. It is widely accepted that 
during the Quaternary period, the growth and decay of the Northern Hemisphere ice volume play a major role 
in global climate changes. Unfortunately, long-term continuous records of ice-sheet variability in the Northern 
Hemisphere only are scarce because benthic δ18O records represent an integrated signal of changes in ice 
volume in both polar regions. However, variations in Northern Hemisphere ice sheets influence the Siberian 
High (an atmospheric pressure system), so variations in the East Asian winter monsoon (EAWM)—as recorded 
in the aeolian dust deposits on the Chinese Loess Plateau—can serve as a useful proxy of Arctic climate 
variability. Here we present an EAWM proxy record using grain-size variations in two parallel loess sections 
over the past 900 kyr years to address the timing of build-up of Northern Hemisphere ice sheets around 413 kyr 
minima in eccentricity and precessional variability. These periods are regarded as the astronomical analogues 
of the present interglacial and its near future.

The grain-size-inferred intensity of the EAWM records shows that the wind strength of EAWM increased rapidly 
after the end of most interglacials. However, during periods of low eccentricity and precessional variability 
around 400 kyr and 800 kyr ago, EAWM remains weak for up to 20 kyr after the end of the interglacial 
episodes MIS 11, MIS 19 and MIS 21. The difference in timing of the onset of glaciations inferred from the 
EAMW records and marine δ18O records in this study could not be attributable in chronology uncertainty. 
We argue that the changes in marine δ18O records at 400 kyr and 800 kyr ago mainly reflect the changes 
in glaciation in Antarctic regions, as supported by strong asymmetry of hemispheric climates during these 
periods. We conclude that the delayed increase in wind strength of the EAWM was caused by delayed buildup 
of Arctic ice sheets at the ends of the interglacials at 400 kyr intervals, which had led to much longer climate 
of interglacial mode at high northern latitudes than expected from the marine oxygen isotope records. During 
these times, the less severe summer insolation minima at 65° N (modulated by 413-kyr eccentricity cycles) 
would have suppressed ice and snow accumulation, leading to a weak Siberian High and, consequently, weak 
EAWM winds. 

Astronomically driven insolation during the present interglacial and in the near future is characterized by 
its low-amplitude variability. In terms of orbital forcing, the closest comparison for the present day is with 
conditions around 400 kyr BP, some 40–45 kyrbefore evidence for the onset of glacial conditions in the Arctic.
These observations lead us to speculate that the future Northern Hemisphere climate may still remain in 
interglacial mode for more that 40 kyr, even in the absence of anthropogenic greenhouse gases.
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Numerous studies have shown that various types of abrupt climate variability such as Dansgaard-Oeschger 
(D-O) and Heinrich events characterized the last glacial period. In the East-Asian monsoon region, remarkable 
records have been derived from the stalagmites of southern China, with high-resolution, millennial-scale 
climate variability having been well established for the past two glacial-interglacial cycles. In the past two 
decades, researchers have identified most of the D-O cycles and Heinrich events from the last glacial loess 
deposits in northern China. However, the millennial-scale oscillations for earlier glacial periods are poorly 
understood, and it remains unclear whether millennial-scale events in northern China are similar to those in the 
south in pattern, structure, and strength.

Thick loess deposits in the northern Loess Plateau are valuable archives of millennial-scale climate variability. 
However, as a terrestrial sediment type, hiatuses of varying magnitude might well be expected during the 
accumulation of subaerial dust due to locally varying factors such as topographic and geomorphologic conditions, 
the configuration of the loess-desert distribution, and wind trajectories. Thus it is possible that dust deposits in 
a single section may have poor continuity within some time intervals. However, loess depositional hiatuses are 
unlikely to be synchronous over a sufficiently large depositional area, and therefore a comprehensive analysis 
of records from different sites would ensure that millennial-scale events will mostly be recorded in the loess.

In order to construct a stacked climatic record of millennial-scale variability for northern China, grain size was 
measured for 12,330 samples from eight thick loess sections. Between-section correlation of these grain size 
records shows that, although small depositional hiatuses may be present in places within a single section, most 
parts of the sections display continuous dust deposition throughout the past two glacial cycles. By correlating 
the eight records with the precisely dated Chinese stalagmite δ18O record, a stacked 249-kyr-long grain size 
time series was constructed, termed the “CHILOMOS” (Chinese Loess Millennial-Scale Oscillation Stack) 
record, which is the first high-resolution stack documenting millennial-scale variability in northern China. 

The CHILOMOS record shows millennial-scale climatic events superimposed on a prominent cooling trend 
during the last and penultimate glaciations, consistent with the pattern of increasing global ice volume. 
However, this cooling trend is dampened in the stalagmite record and totally suppressed in the low-latitude 
ocean record. It follows that the Loess Plateau, far from the low-latitude ocean, is largely influenced by the 
northern high-latitude ice sheets, while the proximal stalagmites of southern China primarily document signals 
from the low-latitude ocean. In contrast to the Greenland ice core and stalagmite δ18O records, the CHILOMOS 
record exhibits relatively small-amplitude oscillations for the two interglacials, probably as a result of low dust 
sedimentation rates and relatively stable climatic conditions in the interglacial Loess Plateau. Cross-correlations 
of climatic records from high and low latitudes demonstrate that the millennial-scale abrupt changes originated 
in the northern polar area and were propagated into East Asia largely through the East-Asian winter monsoon. 
The stacked grain size record also confirms that the driest and coldest interval of the last 249 kyr occurred in 
the late MIS 6, and that MIS 7d was extremely cold and dry, similar to the stadial conditions of MIS 6.
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Proxy records of loess-paleosol sequences in the Pannonian Basin are similar to the global oxygen isotope 
record, which represents a global signal of deep sea temperatures and ice volume. Because of this similarity, 
time scales for loess-paleosol sequences were constructed by correlation of magnetic susceptibility records 
to the oxygen isotope record of benthic foraminifera. Though similarities of these records are obvious, also 
differences between the marine and European loess deposits are apparent. These differences may lie in different 
formation mechanisms, (local or regional) soil formation or other influences. 

The attempt is made to model loess-paleosol sequence formation and magnetic enhancement of soils by forcing 
a simple model by a combination of global climate as represented by the marine oxygen isotope record and 
a direct orbital signal. Results suggest that a combination of global and local influences can explain loess-
paleosoil formation better than any of the both alone.
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Abstract

The main variations of ice volume of the last million years can be explained from orbital parameters by assuming 
climate oscillates between two states: glaciations and deglaciations (Parrenin and Paillard, 2003; Imbrie et al., 
2011) (or terminations). An additional combination of ice volume and orbital parameters seems to form the 
trigger of a deglaciation, while only orbital parameters seem to play a role in the triggering of glaciations. 
Here we present an optimized conceptual model which realistically reproduce ice volume variations during 
the past million years and in particular the timing of the 11 canonical terminations. We show that our model 
looses sensitivity to initial conditions only after ~200 kyr at maximum: the ice volume observations form a 
strong attractor. Both obliquity and precession seem necessary to reproduce all 11 terminations and both seem 
to play approximately the same role. More precisely, obliquity plays a fundamental role in the triggering of 
termination VI (~530 kyr BP), while precession plays a fundamental role in the triggering of termination VIII 
(~720 kyr ago).
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The ocean plays a major role in climate and climate changes, though direct heat spatial redistribution and 
exchange with atmosphere, transport of water to the continents and ice caps (effect on albedo and salinity) and 
its control on green house gases (water vapor and CO2). All these processes interact at different time scales (sub 
annual to millennia), which generate oscillations and extreme events. Paleoceanography offers the opportunity 
to study how these processes respond to the Milankovitch forcing of insolation through a large amount of 
proxys. Of particular interest for a better understanding of the future climate changes is the study of the out 
of phase actions of the direct Northern hemisphere insolation and atmospheric pCO2 changes during the last 
interglacial periods.

The last decades have seen a considerable amount of information retrieved from sediment, ice cores and 
climate models, to progress on that question. But one critical information is still lacking: a precise enough 
chrono-stratigraphy. Uranium family radioactive disequilibrium of sufficient precision may be obtained from 
carbonate deposits (in particular corals and speleothems), but the construction of associated climatic time 
scales and associated leads and lags rely on numerous hypothesis and uncertainties.

We will explore in the presentation the oceanic paleodata available for the last two major interglacial periods in 
association with other records, and the compatible climate change scenarios which could be targets for further 
forward global climate modeling experiments.
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The warmest phase of Marine Isotope Stage 11 (MIS 11.3) around 400 ka ago is of special interest because of 
its long duration likely linked with small variations of precession. This exceptionally long interglacial is often 
taken as an analogue of the Holocene and its future evolution, an assumption however still highly debated. 
Initially documented in deep-sea core records, MIS 11 is now relatively well characterized in land records while 
it is relatively recently that an undisturbed ice core record covering entirely this period is available thanks to 
the EPICA Dome C project. Since the recovering of this ice core, the amount of Dome C data depicting MIS 11 
continuously grows. We review here these data in the context of the paleoclimatic information available from 
other sources and of the current debate on the future evolution of the Holocene.
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This paper aims to set up an anthropological and historical perspective of  Milanković’s life and his astronomical 
theory of climate change. The anthropological introduction would shown that Milanković fought in four 
personal wars, all of which left a significant impact on his work. The first such war occurred in 1908 during the 
Austro-Hungarian annexation of Bosnia and Herzegovina; the second was the Balkan War of 1912; the third 
was related to World War I; and the last was World War II. Milanković was always ready for brave, creative 
responses, as will be shown in the text. After the first personal war he endured, he decided to abandon his 
successful civil engineering career and to accept the chair of Applied Math in Belgrade. During his second war, 
Milanković published his first paper on the mathematical theory of climate change, at a time when astronomical 
theory was more or less an abandoned relic. During his third war, he wrote his first book (Mathematical Theory 
of Heat Phenomena Produced by Solar Radiation) that enabled his collaboration with Wegener and Koppen, 
thus changing the face of the Earth sciences. At the end of the fourth, he abandoned climatological research 
and became one of the first systematic European historians of science. Wars have shown to be an essential part 
of Milanković’s scientific biography.

It is well known that his curve of insolation, published in his first monograph alongside a reconstruction of the 
climatic past, enabled prediction of the future. He further perfected this basic paloclimatological instrument in 
his further papers, especially in his Canon of Insolation, published at the onset of World War II. Based on these 
results, Milanković was able to offer interesting descriptions of the future of climate in other lesser known 
works. These include three books published in Serbian and not  yet translated into English. The first one was 
published before Canon—namely, Through Distant Worlds and Time (1928), and the next two—his memoirs 
Reminiscences, Experiences and Knowledge (1952-1979), and his last climatological work Astronomical 
Theory of Climate Change and its Geophysical Application (1948)—were published after his seminal work. 
His unpublished letter to his son Vasko, where he mentioned that the winter of 1948 was extremely mild, is 
also taken into consideration. 

Within these manuscripts, Milanković tried to link his numerical results with a vivid imagination and 
description of environment changes caused by the climate dynamics that will affect the human world in the 
future. In Through Distant Worlds and Time and Reminiscences, Experiences and Knowledge, he is shown to 
be a relaxed writer ready to explain his persuasive insight regarding future happenings in his native village 
of Dalj, as well as in Northern Europe. Although he was not familiar with the concept of industrially induced 
climate change, his imaginative predictions are more or less in accord with the idea of global warming.  
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The water resource systems of transition economies, especially the municipal water utilities (MWUs), are in 
trouble. Most inherited leaky, poorly maintained and decaying infrastructure and many continue to misallocate 
capital, book bloated operating costs, and charge artificially low rates. “Full Cost Pricing” is often cited as a 
policy that would improve the situation. Charging the “full cost” of providing water and wastewater services 
would address revenue shortfalls and provide additional funds to improve maintenance and covering the 
costs of needed infrastructure, including financing. Simultaneously, full cost pricing would discourage over-
consumption of water and may even allow the MWU to skip or defer investment in new capacity and keep the 
future price of water services down     

We, too, believe full cost pricing must be a core of any serious effort to reduce these problems. At the same 
time, we observe that full cost pricing needs to be well-defined before it can be well-implemented. In this paper 
we discuss the challenges of defining full cost pricing in a satisfactory way. We observe that economists and 
accountants have different takes on “full cost pricing”. Economists like full cost pricing because, under their 
definition, it increases economic efficiency.  Accountants like full cost pricing because, under their definition, 
it balances the books. In the context of a MWU, these definitions often result in diverging notions of what price 
is the full cost price.  

We then work our way through a simple analysis of a stylized MWU cost and market structure. Among the 
conclusions we draw are the following:

• Depending on the circumstances, full cost pricing, from an economist perspective, can mean charging a 
price that does not cover, just covers, or exceeds the sum of the annualized operating and capital costs 
of the water system.

• Full cost pricing, from an accounting perspective, can result in prices that are too high to fully utilize 
existing plant and equipment or too low to prevent economically inefficient new investment.

It is our contention that understanding these different perspectives, and the way they change with the cost 
structure and demand conditions of a particular MWU, is a necessary pre-requisite to effectively designing and 
implementing a full cost pricing program.  

Building upon our stylized analysis, we go on to discuss the information and behavioral requirements necessary 
to effectively implementing an efficient full cost pricing program.We emphasize that an effective full cost 
pricing program is not a single policy choice but a strategy whose success depends on a variety of other 
elements. For example, an efficient full cost pricing policy requires complementary policies possibly involving: 

• Judicious use of fixed charges and variable rate structures that take into account the water consumption 
habits of different customer groups, 

• Greater system technical flexibility associated with a diverse portfolio of supply and distribution options, 
including transfer agreements with adjacent water systems, 

• Short term demand management policies that take some of the burden off price as the sole determinant 
of water consumption,

• Greater financial and accounting flexibility, including access to bridge loans and ear-marked reserve 
accounts.
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We conclude with a discussion of two very challenging but crucial pieces of an effective full cost pricing 
strategy. The MWU must be 1) deeply committed to strategic and operational planning and 2) the MWU 
and other organizations and individuals with oversight over the MWU must understand full cost pricing and 
support its goals. 

The commitment to strategic and operational planning involves two principle components. The first one is 
development by the MWU of reliable information on both current costs and the cost of alternative investment 
options and operational practices. The MWU management can’t determine how to streamline operations 
and make the cost minimizing choices supporting full cost pricing unless it knows both the MWUs current 
cost structure and the full cost consequences of alternative investments and policies. The second component 
requires the MWU to assemble a reliable database on customer groups, their use of water and wastewater 
services, and their likely responsive to various rates and rate structures. We emphasize that these data and 
information components will require a substantial organizational and financial commitment by the MWU.  
External consultants, institutions, and vendors are important contributors but are not without their own agendas.  
Their analyses, by either design or accident, too frequently falls short of what is needed to effectively support 
a full cost pricing strategy as described here. The MWU needs to establish at least some in-house capability to 
support both the data and analytical requirements for strategic and operational planning.

Good governance in support of the full cost pricing strategy is also critical. It is impossible to guarantee good 
governance, but the MWU and responsible public officials can work to try to align the interests of MWU and 
regulatory officials and staff with the goal of efficient full cost pricing. We encourage, among other things:

• External audits. Including not only the usually accounting audit but performance audits that examine the 
economic performance of an MWU.

• Collection and publication of system data. A program of this type was designed for water utilities by 
the World Bank and is referred to as “benchmarking”. These data e.g., system leakage, are fairly well 
defined and reasonably verifiable and can be used as an indication of whether an MWU is efficiently run.

• Professional standards and remuneration. Training programs and incentive structures that focus on 
professionalism and personal integrity can help better align the self-interest of MWU staff, regulators, 
and public administrators with full cost pricing strategies and the general welfare.

• Quasi-privatization. Usually associated with award of long term leases to private companies to operate 
water systems for a fee that varies with some performance benchmarks. In England, the private firms can 
earn increasing rates of profit for effective investment and cost-cutting in the short run but these lower 
costs become the new norm for purpose calculating “normal” profits in the future. 

• Regulations at the national level that requiring a net-benefit statement in support of investments or 
projects that utilize any external funding or financing and an independent authority to review and certify 
such statements.

We conclude by recognizing that developing and implanting the full cost pricing strategy we describe may 
itself be costly. The MWC and regulating community must take this into account. We support movement 
toward a full cost pricing strategy – better control of costs and rates that reflect the marginal cost of provision 
– even if there are some imperfections in costs included in the cost base, the design or rates, or the revenue 
target adopted. An efficient full cost pricing strategy may have to evolve, but interim designs must meet the 
net-benefits criterion and an understanding of, and commitment to, efficient full cost pricing must be preserved 
if improvements in the pricing and provision of water services and water conservation are to be fully realized.
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Abstract 

Overview of Serbia’s water resources 

Serbia features considerable water resources, most of which belong to river basins shared with other countries. 
The population of Serbia is roughly 9,000,000 and its land area 88,361 km2. About 92% of available water 
resources originate outside of Serbia – approximately 162.5 billion m3 annually. Serbia’s national water 
resources contribute about 16 billion m3 annually (roughly 8% of the total). The country’s largest rivers are 
transboundary: the Danube, the Tisa, the Sava, and the Drina. The biggest national river is the Velika Morava. 
The basic hydrological indicators of Serbia’s largest rivers (for the time period from 1946 to 2006) are shown 
in Table 1.

River Monitoring station F (km2)
Discharge (m3/s)

Qav Qmin 95% Qmax 1%

Danube
Bezdan 210,250 2,267 952 7,017
Pančevo 525,009 5,264 1,976 15,311

Tisa Senta 141,715 794 134 3,914
Sava Sremska Mitrovica 87,996 1,535 272 6,379

Velika Morava Ljubičevski Most 37,320 234 35 2,396
Drina Radalj 17,490 362 69 4,940

Table 1. Basic hydrological indicators of Serbia’s largest rivers (low, medium, and high flows) 

Annual precipitation in Serbia ranges from 550 to 650 mm in the plains, and from 800 to 1,200 mm in the 
mountainous regions. The average is about 785 mm.

All rivers belong to three sea basins: the Black Sea, the Adriatic Sea, and the Aegean Sea. Most of the waters 
flow towards the Black Sea, about 176 billion m3/year on average, with some 2 billion m3/year towards the 
Adriatic Sea and the remaining 0.5 billion m3/year towards the Aegean Sea.

Legal and organizational aspects of water management in Serbia 

Serbia has a long tradition of water management – in some parts of the country (e.g. the Province of Vojvodina) 
going back 250 years. Public water supply, however, traces back to the end of the 19th century, first in the 
capital Belgrade. Significant development was documented in the 1950’s and 1960’s, when many major towns 
began to acquire modern water supply systems.  
  
The main piece of legislation that addresses water resources is the most recent Water Law (Official Gazette 
of the Republic of Serbia 30/10), enacted in May 2010. However, certain aspects of water management are 
also regulated by a set of environmental laws and this poses a challenge in day-to-day water management. The 
focal water management institution in Serbia is the Ministry of Agriculture and Environmental Protection/
Water Directorate. The main implementation bodies are the public water enterprises: “Serbia Waters” for the 
river basins south of the Sava/Danube, “Waters of Vojvodina” for areas to the north, and “Belgrade Waters” for 
the territory of Belgrade. These enterprises are primarily responsible for flood protection, drainage, irrigation, 
and the like. Drinking water supply and sanitation services are provided by public utilities under the direction 
of the Ministry of Public Administration and Local Self-Government. As a result, the management of public 
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water utilities is not fully aligned with water management in general, given that oversight does not reside with 
the ministry responsible for water and environmental affairs.

Status of Serbia’s water sector 

The status of most of Serbia’s water sector was generally deemed acceptable between the mid-1960’s and mid-
1980’s. However, during the subsequent two decades, there was a marked drop in water sector spending, with 
regard to both maintenance of the existing systems and development of new infrastructures.  

The 1991 Water Law called for water sector reforms that were largely not implemented. Required organizational 
changes were not made, numerous acts of secondary legislation (needed to ensure efficient enforcement of the 
Water Law) were never enacted, and so on. A few years later, the status of the water sector deteriorated even 
further: the Water Fund was dissolved, funding of the water sector continued to decline, many programs were 
shelved, and a significant portion of earmarked funds never materialized. Economic sanctions and the war 
in the region additionally aggravated the situation. The latest Water Law passed in 2010 can only be fully 
enforced after a large number of related bylaws have been enacted.

Current economic assessments of the water sector suggest that existing funds are about 3-4 times lower than 
required. Water tariffs and water management charges have been extremely low. The average charge for 
drinking water, of 0.5-0.6 €/m3, is considerably lower than it should be and is also lower than elsewhere in the 
region. This is largely due to the fact that water is not viewed as falling into an economic category, but rather 
one of the ways in which the country’s standard of living can be maintained. 

The consequences of insufficient funding are evident across all water management segments, and in some 
cases they are quite serious:

• Although incomplete, public water supply still functions relatively well in a number of cities. Some 
80% of the population has access to modern water supply systems. However, in some regions of Serbia 
the quality of the supplied water is not adequate. A number of Serbian cities experience water shortages 
during the summer months. A significant portion of the Province of Vojvodina is supplied by over-
exploitation of groundwater from deep aquifers.

• Water protection is the weakest segment of the water sector. Wastewater disposal coverage lags behind 
water supply, such that only slightly more than 55% of the population has access to public sanitation. 
Wastewater is generally discharged untreated into watercourses. Only a few percent of the pollution 
sources (less than 10%) are equipped with functioning wastewater treatment facilities. Still, the 
status of most domestic watercourses is acceptable because of both low industrial activity and natural 
characteristics. A comparison of the concentrations of nearly all substances in the Danube between the 
point of entry into Serbia and the point of exit shows that Serbia does not contribute to the pollution of 
this important river. However, an increase in industrial activity may be expected in the future, which will 
result in further deterioration of water quality. This segment will, therefore, require the greatest attention 
and the highest level of spending. 

• The condition of flood defenses is fairly good but maintenance has been lackluster for many years and 
these systems require additional funding. The events that took place in May of this year confirmed 
that the flood protection concept needs to be re-assessed, in order to address climate change and other 
changes that are to be expected. It will also be necessary to repair damaged systems on a priority basis.

• Drainage is rather well developed and encompasses some 2 million hectares. However, drainage systems 
have not been adequately maintained and are in need of rehabilitation. 

• Irrigation coverage is very low (about 40,000 ha), and crop yields, therefore, fluctuate. However, this is 
more of an agricultural than a water management issue, coupled with the (in)ability to sell agricultural 
products to international markets. 

Main socioeconomic indicators 

Economic activity in Serbia is below its potential; this is a key factor in the assessment of all sectors, including 
the water sector. Serbia’s fiscal balance is unfavorable and ranges from 4 to 7% of GDP.
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Figure 1. GDP and international trade from 2002 to 2013 [Statistical Office of the Republic of Serbia (2013)]. 

Additionally, Serbia’s public debt is very high and continues to grow. At the end of 2012, the country’s external 
debt was 25.7 billion €.

Harmonization with EU water-related legislation

Harmonization with EU legislation in the water sector began with the enactment of the most recent Water Law 
(2010), but has not yet been completed. Serbia still needs to fully align with the EU directives that have been 
transposed into national legislation only to some extent.  

Estimates suggest that 9-10 billion € of additional funding will be needed to meet the requirements of the EU 
water directives. These directives largely coincide with the needs of Serbia’s water sector. However, there are 
areas where EU requirements are excessive, given the practices, effects and actual pressures on water resources 
in Serbia. 

The measures required by the EU integration process should encompass a long enough period, but in a manner 
that will not compromise Serbia’s macroeconomic stability. 

Serbia’s Water Management Strategy 

The Water Management Strategy of the Republic of Serbia is a national planning document that establishes 
long-term water management policies and provides guidelines for sustainable action in the areas of water use, 
water protection, river training and protection against the adverse effects of water. It calls for integrated water 
management across Serbia, based on pre-defined fundamental principles, and allows for adaptive management.
With this in mind, and taking into account the natural characteristics of Serbia’s territory, the spatial and 
temporal distribution of its water resources, and the interactions of man and nature, the following main strategic 
objectives have been identified:

• Long-term objective: to implement integrated water management, or, in other words, a harmonized 
water regime across Serbia and water management that ensures the highest economic and social effects 
in an equitable and sustainable manner, while honoring international agreements;

• Priority objective (first part of the planning period): to establish an appropriate water management system, 
that is, to provide the needed legislative institutional, financial and other resources and conditions, as 
prerequisites for reaching the long-term strategic goal of water sector development.
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In order to achieve these main strategic objectives, the following are needed by water sector segment:

• To perceive water resources as contributors to the overall integrated development of society, and to 
ensure the required amounts of water of appropriate quality for various uses, primarily for public 
drinking water supply;

• To achieve good ecological and chemical status/potential of surface water bodies and good chemical and 
quantitative status of groundwater bodies;

• To ensure flood protection and inland drainage, as well as protection from erosion and flash floods, in 
order to mitigate their adverse consequences for human health, the environment, cultural heritage and 
economic activity.. 

Main preconditions for water sector development

Strengthening of human resources at all levels, above all those of national administrative bodies, is one of 
the preconditions for an effective water sector reform, in view of the forthcoming workload. At the national 
level, numerous activities in different areas need to be coordinated, missing legislation enacted, strategic and 
planning documents drafted and enacted, and development projects prioritized. 

The setting up and proper functioning of regional capital project implementation centers is of major importance 
for a successful water sector reform. Towards that end, local administration capacity, at municipal level, needs 
to be developed and strengthened.

Water management companies (WMCs) should remain government-held and their restructuring should address 
corporate governance and financial management.  

Systematic efforts are needed to preserve and upgrade scientific and research organizations, as they must 
become an important contributor to public administration’s capacity improvement in all components of the 
future investment cycle in the water sector.

Strengthening of the human resources base in the water sector implies certain reforms of the educational 
system, at secondary and tertiary levels. 

Financial assumptions of future water sector development

Because of considerable financial resources that will be needed for sustainable development of the water 
sector, the national government needs to create a better macroeconomic environment and be at the forefront of 
water sector development. 

The primary targets of Serbia’s mid-term economic policy should be to ensure the availability of national 
financial resources and effective involvement of international funds and private capital, to increase water 
tariffs and establish adequate pricing and charging policies, and to generally boost efficiency across all water 
management functions. 
  
A preliminary estimate suggests that the funding needed by the water sector over the next 20-30 years is of the 
order of 21.7 billion €, for water use (47.62%), water protection (42.74%) and protection against the adverse 
effects of water (9.64%). The largest share of the funding is, therefore, needed by government-held public 
utilities (drinking water supply and sanitation, including stormwater evacuation).
 
Day-to-day operations, including maintenance, will be funded from:

•  Water tariffs (in the case of water supply and sanitation utilities);
•  Water fees and charges 
•  Financial resources of water infrastructure owners. 

The potential sources of funding for capital projects in the various water sector segments and the water sector 
development financing needs are summarized in Table 4. 
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Segment

Sources of funding for capital projects in the water sector (in mil. €)

National 
water  
funds

Utilities 
(from 
water 
tariffs)

Other 
sources

IPA and 
other 
funds

Pollution 
charge

Local 
administration

Financial 
resources 
of owners Total

%  
share

Water use 600 300 350 600 350 674,5 2,874.5 31.7
Water protection 855 300 1,400 1,150 145 950 5,400.0 59.5
Protection against 
 the adverse  
effects of water 420 150 160 70 800.0 8.8
TOTAL 1,875 600 1,750 1,900 145 1,460 1,344,5 9,074.5 100.0
 20.66% 6.61% 19.28% 20.94% 1.60% 16.09% 14.82% 100.00%

Table 2.   Funds needed and sources of funding for water sector development, by segment [Jaroslav Černi Institute (2013)].  

Serbia’s water pricing policy in the coming years should be aimed at economic water pricing and economic 
service pricing, at levels affordable by households and businesses, with a differentiated tariff system where 
all same-category users will be paying the same price. The average projected economic water price for the 
planning period amounts to 1.3 €/m³ (excluding value added tax). 

Conclusions 

• Serbia’s main challenges lie in the economic sphere, where a decline in industrial production has 
aggravated financial circumstances and increased Serbia’s debt. Notwithstanding, the situation in most 
of the water sector is still acceptable - drinking water supply is satisfactory, as is protection against the 
adverse effects of water, for the most part. The weakest link is the water protection segment. However, 
despite relatively low wastewater treatment coverage, river water quality is generally acceptable, 
primarily as a result of a low level of loading by industrial pollutants. For all these reasons, as well as a 
sound self-purification capacity of domestic rivers, Serbia is not a pollution contributor in the Danube 
River Basin, by the majority of water quality parameters.

• The need to improve the situation in all parts of the water management system, with regard to both 
maintenance of existing infrastructure and construction of new projects, will involve considerable 
upgrades of the water management system, which will be the main objective in the coming years. 

• The main premises and instruments for the establishment of a sound water management system are: 
prioritizing; capacity increases of central, regional and local administrations; and ensuring self-funding 
of the water sector.

• Prioritizing means that development priorities need to be accurately defined, with emphasis on national 
needs but also with due regard for EU integration processes. The decisions and choices made thereby 
need to be efficiently implemented.

• National administration improvements include the enactment of needed legislation and a gradual (5-6 
years) capacity increase and system adjustments across all areas of water management (national, regional 
and local). Scientific and research organizations need to be preserved and upgraded, and they must also 
be made an important contributor to public administration strengthening.

• Water sector development needs to be accompanied by financial reforms, with emphasis on providing 
for self-funding of the water sector.
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The ongoing impacts of human activities on the water resources of tropical regions are significant. These 
impacts are caused by the rapid urban growth without the necessary sanitation structures, accelerated soil 
erosion on agricultural lands, excessive water diversions, leading to deterioration of water supply sources, 
reduction of groundwater recharge and base flows, silting of rivers and reservoirs, and drying of rivers and 
lakes. 

Great portions of Latin American and the Caribbean (LAC) are experiencing these types of impacts in the last 
50 years, which could lead to water scarcity, reduced economic growth, and impoverishment. Additionally, the 
forecasted climate change impacts, with expected increases in temperature and reduced rainfall, could worsen 
even more the already stressed water resources of the region. According to the last Report of the IPCC (AR-
5), the LAC region will experience rainfall reductions of up to 40% in 2100, with corresponding reductions in 
groundwater recharge and base flows. 

In order to tackle those ongoing and future impacts, water managers, water users, and stakeholders of the 
region must work together and find suitable adaptation solutions, which are effective, technically viable, and 
economically feasible.

However, since many of the above problems are new, some of the solutions to tackle them are still unknown, 
and an adaptive management approach is recommended. Additionally, structural and non-structural measures 
should be combined to provide the best results. 

Another approach which shall be pursued in the region is the utilization of the watershed as the planning 
and management unit, since the occurring hydrologic processes are best managed and monitored in that 
geographical locus. 

In addition to command and control-type measures, which could help in the reduction of excessive water 
consumption and contamination, incentive-based mechanisms, such as payments for hydrologic services, 
shall be used in the region. In Brazil, in addition to regulatory frameworks, payments for hydrologic services 
programs have been established, which have been successful in the abatement of urban sewage (PRODES 
Program), and in the reduction of soil erosion and sedimentation (Water Provider Program) in strategic water 
supply basins.  

In order to strengthen the water management capacity in the LAC region, the UNESCO-IHP has implemented 
water management projects with the help of local partners, including FRIEND (water monitoring), IFI 
(flood prevention), Ecohydrology (water sources protection), ISI (sedimentation management & control), 
HELP (integrated watershed management), Water & Education (water tools for teachers), and GRAPHIC 
(groundwater management under climate change and human impacts). 

In addition to technical courses and seminars, those programs also carried practical applications in different 
river basins, which helped in the development of the IWRM capacity of the region. 
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In the case of the FRIEND Program, country and regional hydrologic data bases were compiled and 
disseminated. In the Ecohydrology Program, ecological flows were calculated for rivers in the region. In the ISI 
Program, experiments and modeling of erosion and sedimentation were implemented. A dozen demonstration 
basins were established within the HELP program, and a Watershed Sustainability Index, developed for the 
Program, was applied in 7 countries of the region, with the participation of water managers, water users, and 
stakeholders. 

In the case of the GRAPHIC Program, groundwater recharge was estimated for river basins under different land 
use and climate change scenarios. Several elementary school teachers and education monitors were capacitated 
in water management tools within the Water & Education Program, benefiting hundreds of students in the 
region, in water-related issues and solutions. 

Recently, new tools, such as the Water Footprint and the ARCA pesticide index, are being applied in Brazil, 
which are providing important information regarding the estimation and mitigation of risks to water resources. 
To highlight the importance of these tools, programs and projects in the LAC region, examples of their 
application and results will be presented and discussed. 
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Abstract

Pakistan’s water problems are already enormous and these are likely to be compounded with the global 
changes such as population growth and climate change. The country’s GDP is dependent on its agriculture 
sector – which consumes 95% of water diverted from the rivers for human consumption. The water diversions 
from the rivers are already stretched to the limits and the rivers are almost sucked dry – with very little water 
reaching the delta. Climate models predict decrease in surface flows in the range of 5 to 20% over the next 
100 years while the population is projected to be more than doubled within this time span. The big challenge 
facing the country is how to produce more food for increasing population with diminishing water resources.  
Wastage of water in the agriculture sector of Pakistan due to inefficient practices at farm scale, and old/aging 
water delivery infrastructure (in poor state of maintenance) at the basin scale, is well documented. This paper 
presents a sub-irrigation technology, nicknamed ZeZAK, being developed at CIIT Labs in  Pakistan which can 
increase crop yields by 1.5 times, and improve water use efficiency up to six folds. The system is composed 
of a 4 feet triangular grid of inverted filters, with each filter placed in a 4 inch diameter plastic cup.  The cups 
are made from used pop bottles, and screwed at their bases to an HDPE pipe of 1.5 inch outer diameter. The 
pipes and the filters are buried under the farm surface and connected to a water source. The water intake into 
the pipe is engineered in a way that water level is maintained in the top most layer (sand) of the inverted filter. 
The sand layer is in contact with the farm’s soil and delivers water into the root zone through capillary rise. 
After testing the technique at lab-scale, a farm scale pilot project has been installed in an experimental plot 
measuring 214x74 feet (0.35 acre). One of the biggest challenges in installation of farm-scale pilot project 
was its cost compared to other high efficiency irrigation systems. Using recycled materials and indigenous 
industrial products, we were able to bring installation cost comparable to other systems, however, running and 
maintenance costs of the systems are a small fraction of the operating  costs of other high efficiency systems. 
Water delivery into the system is done through gravity flow using only 3 inches of water head. The whole 
system runs at atmospheric pressure and hence no pressure pumping is involved. Water levels are controlled 
though simple float values. Farmers, who are mostly less educated, do not have to learn too much to run the 
system. The system runs automatically as long as there is water in the delivery tank, so the all the farmer has 
to ensure is that the delivery tank is refilled before it is emptied. The system is also compatible with evolving 
techniques of zero tillage. Deep drainage is eliminated in the system and evaporation losses are significantly 
reduced. The first crop planted at the pilot site is corn. The harvest is expected in early June 2014. The area 
in which the pilot is installed is also a very high yielding area for corn in the country. Comparing the per 
acre yields and water usage per kilogram of yield form the traditional farms in the area with ZeZAK will 
help establish performance indicators of the system. The pilot project so far shows that the system has low 
installation costs, extremely low running and maintenance costs, user friendly to the farmers and very high on 
water savings. After the harvest, yields are also expected to be comparable to high yields in the area. These 
indicators make ZeZAK more likely to be accepted and adopted by the farmers. The potential of water savings 
by six folds and its adoption by a significant percentage of farmers within Indus Basin over the next 50 years 
or so has the potential of saving a lot of water in the basin and help establish food security with far lesser water 
in the agriculture sector.
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Abstract

Water is vital for human survival and health, and it is a fundamental resource for sustaining human economic 
development. While water is a renewable resource, its availability in space (at a specific location) and time (at 
different periods of the year) is limited, being determined by climatic, geographical and political conditions, by 
affordable technological solutions that permit its exploitation, and by the efficiency with which water is conserved 
and used. Today, the world’s freshwater resources have become subjected to increasing pressure. Among the 
reasons why many people argue that the world is facing an impending water crisis are (1) water resources are 
increasingly under pressure from population growth, economic activity and intensifying competition for the 
water among users; (2) water withdrawals have increased more than twice as fast as population growth and 
currently one third of the world’s population live in countries that experience medium to high water stress; 
(3) pollution is further enhancing water scarcity by reducing water usability downstream; (4) shortcomings 
in the management of water, a focus on developing new sources rather than managing existing ones better, 
and top-down sector approaches to water management result in uncoordinated development and management 
of the resource; (5) more and more development means greater impacts on the environment; and (6) current 
concerns about climate variability and climate change demand improved management of water resources to 
cope with more intense floods and droughts. More and more countries are faced with increasing challenges 
related to water in their struggle for economic and social development, and Malaysia is no exception. Studies 
conducted in Putrajaya Lakes and Langat River Basin since year 2000 showed increasing challenges in water 
management and in ensuring sustainability of its resources. With greater recognition of the IWRM process and 
its benefits in the context of sustainable development, IWRM has emerged as an accepted approach that can 
assist countries in their endeavour to deal with water issues in a cost-effective and sustainable way.
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Introduction

Water Management in Malaysia is facing tremendous challenges due to increasing water pollution, water 
scarcity as well as water crisis problem, having flood at the same times, besides erosion and sedimentation 
issues which lead into serious problem and impacts to the ecosystem. Challenges also occurred in accessing 
data and information related to water, lack of public participation and awareness, lack of agencies involvement 
and collaboration, limited technical and research budget allocation, as well as lack of enforcement and political 
will for integrated water resources management.

Although some policies and legal frameworks supported overcoming these challenges such as the Third Outline 
Perspective Plan Malaysia (OPP3) 2001-2010, The 8th Malaysia Plan (MP8) 2001-2005, The 9th Malaysia 
Plan (MP9) 2006-2010, The 10th Malaysia Plan (MP10) 2011-2015, Malaysia Water Vision, Selangor Waters 
Management Authority Enactment 1999, Environmental Quality Act 1974, National Policy on Environment 
2002, Water Services Industry Act 2006, Climate Change Policy 2009, Green Technology Policy 2010 and 
National Water Resources Policy 2012. Such approaches and initiatives for sustainable water management 
need to be done and implemented harmoniously with the ecosystem management.

Ecohydrology Approach for Putrajaya Lakes and Wetlands Management

Ecohydrology approach has been implemented in managing water resources in Putrajaya which involves 
integrated management of Putrajaya Lake and Wetland’s Catchment which are located partly in Putrajaya 
Federal Territory and partly in the State of Selangor, within the Langat River Basin. The catchment has been 
acknowledge as one of the UNESCO-IHP Ecohydrology Demonstration Project since 2010 and has classified 
as Operational Site. This catchment’s management has implemented a serious and systematic approach and 
control in order to achieve a sustainable development of Putrajaya. The ecohydrological approach that combining 
the need of the ecosystem into the overall planning, approval, monitoring and enforcement jurisdiction of 
thecity development and the human activities in this catchment area, significantly having a direct impact to 
the Putrajaya Lake. The Lake is an urban lake, created right in the middle of Putrajaya, which is the newly 
developed Government Administrative Center of Malaysia, which was planned to be developed into a “City 
in a Garden” with various components such as residential, commercial, public spaces, educational institutions 
and etc.  They are some problems in implementing an effective catchment management. The ecohydrological 
approach is implemented by the use of constructed wetland as a natural treatment system to treat primary 
upstream inflow to the lake. The wetland is to be complemented by riparian parks and gross pollutant traps. 
For the last 12 years, the wetlands and the lake have been developing an interesting urban ecosystem that has 
enhanced the ecosystem services in the areas.  

A number of monitoring and surveillance conducted in this area has shown very positive signs of interesting 
habitat development and ecosystem enhancement. However, studies of the Putrajaya catchment showed that 
the water carried elevated level of pollutants derived from upstream sources and outside of the Putrajaya 
development boundary. As a result, the Putrajaya Lake and Wetland Catchment system need to be continuously 
maintained by using the various new mechanisms for an effective and best result to ensure the quantity as well 
as the high water quality level of the lake is achievable. Future development of the catchment is expected to 
increase run-off pollutant concentration it is expected to result in increased pollutant loadings in which drain 
into the Putrajaya Lake. Development projects and the developed areas (populated areas)within Putrajaya 
boundaries, which occupies about 60% of the Lake catchment areas,need to be monitored more rigorously to 
ensure compliance to the Putrajaya Masterplan and stringent regulatory enforced by the Perbadanan Putrajaya 
(PPj). For the remaining 40% of the same catchment areas but located in the upstream, outside the Putrajaya 
boundaries (in the state of Selangor), the collaboration approach has been applied by Perbadanan Putrajaya 
with various parties in the areas. Activities involving the community participations, such as, involving them in 
the management and the monitoring exercises are being conducted together with the schoolchildren throughout 
the year. Actions and programmes are also being worked closely with the Selangor State Government in 
bringing people to love the Putrajaya Lake and Wetlands ecosystem.
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HELP Approach for Langat River Basin Management

The Hydrology for Environment, Life and Policy (HELP) approach is also implemented at the Langat River 
Basin in Malaysia since 2004 when it was listed as one of the UNESCO-IHP HELP Basin out of 91 River 
Basins from 67 Countries in the world and has classified as Evolving River Basin. The Langat River Basin is 
a unique and special basin in Malaysia because it lies within three different administrations of Selangor State, 
Negeri Sembilan State and the Putrajaya Federal Territory. It is situated approximately 27 km to the south of 
Kuala Lumpur (the capital city of Malaysia). The catchment of the Langat River is about 2350 km2 and the 
length at 200 km and its flows out of Klang Valley and ends to the Straits of Melaka. The Langat River Basin 
has been acknowledged as an “Evolving” River Basin under the framework of UNESCO-IHP HELP Network 
since 2004. This recognition was initiated by the Institute for Environment and Development (LESTARI), 
Universiti Kebangsaan Malaysia (UKM). This basin is currently the only River Basin in Malaysia that has 
already connected to the HELP Programme of UNESCO-IHP. The Langat River has few tributaries and out 
of them the main tributaries are Semenyih River, Lui River and Beranang River. Langat River itself basically 
is the most important river in the catchment. In the Langat catchment, there are two reservoirs which is at the 
upstream of the Langat and Semenyih Rivers which purpose are to supplying water to the treatment plants 
situated downstream of the catchment. 

Some works in progress especially on local sustainability efforts have been carried out as local actions from 
a global initiative at improving the environment and river basin. The efforts are part of an initiative towards 
improving the current level of Langat River Basin from an ”Evolving” to an ”Operational” River Basin under 
the framework of UNESCO-IHP HELP Network. Among local actions that are curently undertaken, include 
the initiative to upscale the MSMA Stormwater Management Eco-hydrology (MSMA SME) at catchment 
level in Sungai Langat which aims to provide a more appropriate stormwater management strategies and 
best practices and mitigation measures to counter negative effects of urbanization with the development of 
detailed design of various MSMA SME components.  The effort has gone beyond stormwater management 
to include efforts at local ecological governance and public involvement in the creation of an urban riverfront 
park that will contribute to the livability of the immediate residential surroundings as well as the surrounding 
city in Langat River Basin. Some capacity buildings programmes such as training, education, community 
participation and awareness programmes are also carried out in this basin to improve the current management 
system and ensure local participation and governance.

Conclusions

The Langat river basin is small but  has inherited many problems of a large river basin. This is because the 
river plays an important role in conservation, agriculture and potable water supply but is facing threat from 
rapid development in the industry sectors and urbanization in the basin. The contradict land use in the basin 
has led to a deterioration of the river water quality in the past few years and water use conflicts have emerged 
frequently. The complexity of the problems could not be addressed by normal river basin management concept. 
The ecosystem approach is developed to find solutions to the problems to integrate water, land use, people and 
management policy together where the river is viewed as an ecosystem that provides services to people.  The 
water resource in the Langat River Basin can be managed by using the river ecosystem health approach. The 
outcome of such a approach may be beneficial to river basins in other parts of the world that are facing the 
similar problem as Langat.
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Abstract

Relation between the state of water resources and certain climate change issues arise from the character of 
natural processes and their causal connection. The importance of these relations is strongly emphasized in 
various international documents dealing with the management of water resources, i.e. causes and consequences 
of climate change. Differences in the contribution of different countries to the overall situation in these areas 
are enormous and are mostly associated with the characteristics and level of economic development.

The author analyzes the provisions of the most important international treaties which for the principal object 
of regulation have a water resource management and climate change, as well as other international treaties that 
may be relevant to these questions. The aim of the article is to determine the similarities and differences in the 
way the relevant international treaties govern the specific issues of importance to the management of water 
resources and climate change, from the position of developing countries. The thesis that is discussed is that the 
existing international contracting regime in the field of water resources and climate change is not adequately 
recognizing specific position and opportunities of developing countries. Regardless of the different causes of 
this phenomenon the issue of consequences is highlighted, and this is partly related to the effectiveness and 
implementation of international agreements. Such a state has (or can have) particularly significant impact on 
the resolution of international problems that have global dimensions and where there are significant conceptual 
problems in the definition of specific issues (the concept of the common good , the concept of the common 
heritage of mankind, management of divided natural resources, etc).

Bearing all this in mind, this paper firstly identifies the problems in defining the concept of developing 
countries. The first part of the paper analyzes the most important provisions of international agreements in 
the field of water resources management from the standpoint of the character of specific rights and obligations 
that are prescribed for developing countries. Specifically pointed to the provisions of the UN Convention on 
the Law of the Sea, the Convention on the Law of the Non-Navigational Uses of International Watercourses, 
the Convention on the Protection and Use of Transboundary Watercourses and International Lakes, and so on.
The second part of the paper discusses the issue of the status and the role that developing countries play in 
contemporary law of climate change. It is discussed the thesis that the position of the developing countries 
is defined by the relevant international legal documents, but that significant differences between specific 
categories of developing countries are not fully apparent. There have been given an overview of the specific 
rights and obligations of developing countries under the current system established by the UN Framework 
Convention on Climate Change and the Kyoto Protocol. It has been particularly highlighted the content and 
dilemmas in interpretation of the principle of common but differentiated responsibilities. There have been 
overviewed certain common characteristics of developing countries that are important for climate change. The 
paper provides review of some features and elements of the policies of individual countries (member of the 
non-Annex I, small island countries, least developed countries and developing countries is the largest GHG 
emitters).

1  Dr Dragoljub Todić, Institute of International Politics and Economics, Makedonska 25. Belgrade, E-mail address: d.todic@
diplomacy.bg.ac.rs, dtodic@ymail.com. Tel. 064/202-7028.
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The last part of the paper points out the provisions relating to the developing countries which are contained in 
other international treaties in the field of the environment that may be important in the field of water resources 
management and climate change, such as the Basel Convention on the Control of Transboundary Movements 
of Hazardous Wastes and their Disposal, PIC and POPs conventions, the Convention on the Transboundary 
effects of Industrial Accidents, Convention on Biological Diversity, etc.

The author, at the end of the paper, advocates for the introduction of a (new) approach in the development of 
international treaties governing global environmental problems such as water resource management, nature 
protection and climate change. On the other hand, the revision of existing (especially some) international 
contractual regime could aim their extension, either through amendments to the texts of certain international 
contracts (where it may be technically easier) or through the conclusion of specific protocols that would be the 
position of countries developing specifically regulated. This approach partially involves mandatory predefining 
of the special status of developing countries with all the specific rights and obligations in accordance with their 
capabilities.
 



120

Trend and Possible Causes of Flood Waves at the Dam 
Profile of Multipurpose Reservoir “Modrac”, Bosnia and 

Herzegovina

Tarik Kupusović1, Nedim Suljić2, Izet Žigić3, Omer Kovčić4

1B.Sc. in Civil Engineering, Hydro – Engineering Institute Sarajevo, City of Sarajevo, Bosna and 
Herzegovina
2B.Sc. in Civil Engineering, University of Tuzla, Faculty of Mining, Geology and Civil Engineering 
Tuzla, City of Tuzla, Bosnia and Herzegovina
3B.Sc. in Geology, University of Tuzla, Faculty of Mining, Geology and Civil Engineering Tuzla, City 
of Tuzla, Bosnia and Herzegovina
4B.Sc. in Civil Engineering, PE for water management „Spreča” Tuzla, City of Tuzla, Bosnia and 
Herzegovina

Keywords: multipurpose reservoir “Modrac”, Tuzla, Bosnia and Herzegovina, climate changes, temperature, 
precipitation, flood waves.

Abstract

The emergence of high water is extreme hydrological phenomena defined by an unusually high water level, 
flow or volume of water at a certain place at a certain time period. Causes and consequences of flooding is 
usually not be predicted, but can be mitigated. The consequences of floods vulnerability of human lives and 
material goods, huge damage, involvement of a large number of people and resources in the field, social 
insecurity of the population, etc.

This paper will analyze the trend and the possible causes of high water, as well as the analysis included the 
maximum flood waves that have emerged in the last 30 years, based on daily streamflow levels and flow at 
the dam profile of multipurpose reservoir Modrac and information on the movement of temperature changes 
in the multipurpose reservoir Modrac for the period from 1984. It also analyzes the layout and the amount of 
precipitation in the observed catchment area for the past 30 years.

Also, climate change is having a major impact on the amount of water in the reservoir as well as the appearance 
of large flood waves.  One of the key elements for monitoring climate changes is temperature changes. Even 
slight changes in temperature affect the distribution of precipitation throughout the year, and the amount of 
precipitation. 

Introduction

The current way of producing energy is the main “culprit” for human activity caused by climate change, while 
the water regime, with all its consequences, the first major “victim”. High waters are increasing and occurring 
more and more often, while low water and drought reduced last longer [4].

Multipurpose reservoir “Modrac” is formed in 1964 with the construction of a dam in the gorge Modrac. It is 
formed by the rivers Spreča and Turija with its river tributaries. The total catchment area in the profile of the 
dam is approximately 1189 km2, which accounts for over 60% of the entire river basin to prevent this. Of the 
total area of the basin, river Spreča occupies 832 km2, river Turija occupies 240 km2, while the rest of the basin 
belongs to the immediate basin reservoirs 117 km2  [5].

For the dimension of normal backflow 200.00 (MASL) reservoir provides, on average, 2,30 m3/sec  of raw 
water and 4,70 m3/sec as hydro biological minimum for the river Spreča, looking downstream from the dam 
(projected state) [5].
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Multipurpose reservoir “Modrac” solves several hydrologic and extremely economic aspects as supply 
of population, industry and thermal capacity of  Tuzla and Lukavac with technological water, dilution of 
wastewater discharges Tuzla and Kladanj industry, the increase of flow of Spreča river downstream of the 
reservoir during the summer, electricity production in a small hydropower, mitigates high water flood flows 
with retention influence of reservoir and prevent or significantly reduce flooding in the river valley Spreča 
downstream of the reservoir.

According to the Law on the Protection of accumulation “Modrac” uses of reservoir “Modrac”, in order of 
priority, are:

• the provision of water for the population,
• the provision of water for industry,
• protection from flooding downstream of the dam,
• the provision of hydro biological minimum for river Spreča, downstream of the reservoir,
• development of tourism, recreation and water sports, in accordance with the Law,
• the production of electricity on small hydroelectric using excess water in the profile Modrac.

According to the latest geodetic and hydrographic measurements reservoir “Modrac” has the following 
morphometric characteristics [1]:

• total area of the reservoir “Modrac” is  16,69 km2,
• total volume of  water in reservoir “Modrac” is 102.759.629,92 m3,
• useful volume of water in reservoir “Modrac” is 66.522.627,23 m3,
• maximum depth of the reservoir Modrac is 14.94 m (bed elevation),
• the average depth of the reservoir  “Modrac” is 5.32 m,
• maximum width of the reservoir “Modrac” is 2.411,17 m,

The emergence of high water is extreme hydrological phenomena defined by an unusually high water level, 
flow or volume of water at a certain place at a certain time period. Causes and consequences of flooding is 
usually not be predicted, but can be mitigated. The consequences of floods vulnerability of human lives and 
material goods, huge damage, involvement of a large number of people and resources in the field, social 
insecurity of the population, etc [3].

Figure 1. Digital orthiphoto image of multipurpose reservoir “Modrac” [1]

Climate changes are having a major impact on the amount of water in the multipurpose reservoir as well as 
the appearance of large flood waves.  One of the key elements for monitoring climate changes is temperature 
changes. Even slight changes in temperature affect the distribution of precipitation throughout the year, and 
the amount of precipitation [3]. 
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This paper provides information on the movement of temperature changes in the multipurpose reservoir 
“Modrac” for the period from 1984. 

It also analyzes increasing inflows into multipurpose reservoir “Modrac” and the amount of precipitation in the 
observed catchment area for the past 30 years.

Global warming

Global warming is almost imperceptible rise in temperature on Earth, and we believe that human activity is 
causing it. Although we do not feel the slight increase in temperature, its consequences would be disastrous. 
Among the consequences of global warming we include drought and water shortages, hurricanes and wildfires. 
Also, the changes in the flora and fauna were noted. 

If global warming is not caused by man, then it is the result of natural events. The world has already gone through 
several major ice ages, in which alternation there were large-scale temperature changes. It is believed that ice 
ages occur because of inclination changes in the Earth’s axis and its orbit around the sun. Global warming may 
occur due to fluctuations in energy radiated by the sun, and the dust that is created by volcanoes and by human 
activity. Scientists already have evidence that the temperature has increased over the past hundred years by 
about 0.5°C, while the temperature of the current growth rate is estimated at 0.3ºC per decade.  

If human continues to pollute the atmosphere, the Earth could become warmer by 1 to 5°C during 21st century. 
If we want to avoid catastrophic consequences we must limit global warming to below 2°C over the next 50 
to 80 years. The main problem of solving global problems is that they can not be solved on a global level. No 
protocols and the conferences will provide concrete results if the achieved agreements are not put into practice 
at the local level [2].

Temperature changes

One of the key elements for monitoring climate changes is temperature changes. Even slight changes in 
temperature affect the distribution of precipitation throughout the year, and the amount of precipitation. 
Therefore, in this paper, the diagram (Figure 2) shows the movement of the maximum and minimum 
temperatures for the period from 1984. to 2014. Temperature values   are displayed for the climate station 
Modrac.

Figure 2. The values of maximum and minimum temperatures for the climate station Modrac
for the period from 1984 – 2014 year

Figure 2 clearly shows a visible trend of rising of maximum and minimum temperatures by about 2°C 
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Precipitation changes

In addition, to determine the trend of changes in precipitation for a sequence of years from 1984. to 2014., the 
following figure shows the maximum annual precipitation values. From the trend line it is visible an increase 
in the value of maximum precipitation of about 10 l/m2 (mm). 

Figure 3. Maximum annual precipitation values   for the period from 1984. to 2014.

Increasing trend of inflows into multipurpose reservoir “modrac”

The analysis included the largest flood waves that have occurred in the last 30 years, based on daily streamflow 
levels and flow at the dam profile „Modrac“.

Daily treatment was adopted because it was observed that flood flows lasting several days, so this method of 
treatment provides enough representative data.

Key data for the analysis in this paper are natural daily inflows into the reservoir.

On the profile dam „Modrac“ there is no possibility of direct measurement of the natural inflow, but that it is 
determined from the dependence of volume changes and the amount of emphasis through outlets and spillway, 
using the water balance equation. This calculation is extremely reliable because it accurately measured using 
data on changes in the level and quantity of releases. 

• Inflow and outflow hydrograph calculation is based on the following equations [6]:

Water balance equation: R= P – ET – IG – ΔS                             (1)

where:  P – precipitation
             R – runoff
             ET – evapotranspiration
             IG – deep/inactive groundwater
             Qinflowdt S – change in soil storage

• Inflow and outflow equations with use of water balance equation:             
                                                                       

         

o

t

t∫ ±Qinflowdt =      Qoutflowdt    ΔV       (2)
o

t

t∫
Qinflow.Δt = Qoutflow.Δt     ΔV            (3)±
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  where:

Qinflow∙Δt = Vinflow
Qoutflow∙Δt = Voutflow

Qinflow        – the amount of water that flows into reservoir,
Qoutflow      – amount of water that flows out of the reservoir,
ΔV         – amount of water which remains in the reservoir

The amount of precipitation, in addition to other elements of the catchment area, has a direct impact on the 
formation of flood waves and therefore in this paper, it’s created the diagram of maximum inflows with a 
change trend line which is shown by the given hydrograph for the analyzed period. 

Figure 4. Maximum inflows for elaborated series of flood waves for the period from 1984. to 2014. 

In the chain of changes from maximum and minimum temperatures and precipitation, it is logical to expect the 
value differences in maximum flows too.

Figure 4 shows that the trend of growth in the value of maximum flows is 200 m3/sec, which is 12,5% in 
comparison to the maximum registered flood wave of the existence of the dam that happened 16th of May 2014  
which was 1602 m3/sec. Also, for maximum flood wave was registered and the maximum level on the dam 
profile which was 203,42 (MASL).

Conclusions

The largest flood waves occur in the spring time in the months of April, May, and June. In this period there is 
a filling of reservoir and in most cases the activation of dam bodies. 

In this paper, according to the presented analysis of changes in maximum and minimum temperatures and 
changes in the amount of precipitations, we observe a slight increase in maximum inflows at the dam profile 
of multipurpose reservoir. 

Also, according to the maximum flow rates analyzed for the period from 1984. to 2014., we see a slight increase 
in the inflow hydrograph into the multipurpose reservoir “Modrac”, which has resulted in some changes in the 
flow curve of the reservoir “Modrac” dam profile, as well as changes in the volume curve. 

Analysis of climate changes shows that the global climate changes are also reflected in the catchments area of 
the multipurpose reservoir “Modrac”.
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The maximum registered flow wave of the existence of the dam and multipurpose reservoir “Modrac” was 
1602 m3/sec and had took his place 16th of May 2014 during enormous flood.
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Introduction 

There are numerous pressures on water resources: urbanization, farming, haphazard deforestation, use of 
diverse chemicals in agriculture and industry, and the like. There is also an emerging pressure—climate change. 
It has become necessary to determine the real impact of climate change on water resources: is it greater or 
lesser than the impact of overall human activity? Is the impact of climate change evenly distributed? And how 
to respond to potential water scarcity in certain regions in the future?

A number of global and regional climate and hydrology models have been developed to assess future 
temperature, precipitation and runoff levels for different climate scenarios. The prognosis for Serbia is a 
warning of sorts: Serbia can expect average annual temperatures to increase and river flows to decline. Some 
forecasts for SE Europe suggest that the most challenging changes are to be expected during the summer, 
but the extremes, particularly floods, will not be considered in this paper. Each RCM forecast is sensitive to 
assumption uncertainties and calculation imperfections. The quality of a prediction grows with increasing 
validation by recorded data and especially by trends. This paper presents some of the trends recorded to date 
and a non-standard methodology for assessing future river water availability, and discusses possible impacts 
on future water management. 

Observed climate and hydrological changes

To assess observed average annual variations, it is very important to find a period suitable for analysis. The 
number of monitoring stations is also an important factor for reducing the stochastic component, which is 
always present when the number of analyzed stations is small. The period selected for analysis was from 
1949 to 2006. That period was 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 temperature and 
precipitation trends, and particularly river flow trends in Serbia (JČI 2010-2012; HMSS 2011), [6], [7]. Before 
the hydrological trends (Q) are analyzed and presented, it will be useful to see which temperature (T) and 
precipitation (P) trends were observed during that period. To assess past climate trends, 26 temperature stations 
and 34 precipitation stations were selected (JČI 2010-2012). The annual average temperature trend in Serbia 
was found to be about 0.6°C/100 years, while the average precipitation trend was slightly negative. Monthly 
averages are shown in Table 1. 
Table 1.  Registered monthly temperature and precipitation trends and annual averages (1949-2006)
Type of station Station JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Aver
Temperature 
(°C/100years)

Average of 26 
stations 1.9 1.3 3.2 -0.1 1.7 1.1 1.1 0.8 -1.4 1.2 -1.9 -2.2 0.6

Precipitation 
(%/100years)

Average of 34 
stations -16.0 -21.7 -12.4 35.7 -43.7 -6.6 11.5 43.1 70.9 6.3 -41.4 -17.9 -0.3

The spatial annual distribution is shown in Figure 1 (JČI 2010-2012). All the trend charts shown for T and P 
in this report were generated using Surfer software, based on data recorded at the considered T or P stations, 
removing the stochastic component by regional averaging.



127

Figure 1.  Recorded annual trends in Serbia (1949-2006), based on T-26, P-34 and Q-18 stations.

Serbia experiences a downward river flow trend. However, contrary to climate parameters, it is difficult to 
spatially generalize because several factors affect such trends:

• The size of the river,
• The transfer of water, if any, between watersheds upstream form a given hydrological station,
• The volume of water used by man in a given watershed,
• The presence or absence of river reservoir(s) in the watershed, 
• Land use changes (forests have generally expanded in Serbia in the past 60 years), and 
• Climate change (including differences associated with geographic locations within Serbia).

• Small rivers are much more stochastic in nature and sensitive to water withdrawal for human consumption, 
while large international rivers (the Danube, the Sava and the Tisa) often do not adequately reflect what 
happens within Serbia. As such, medium-size rivers are the most reliable representatives of the overall 
trend in a particular area (including climate change and human activity), provided that Factor 2 – water 
transfer between watersheds – is not significant.

• Factor 2 is dominant at many hydrological stations and such stations need to be excluded from analyses 
(otherwise they require comprehensive calculations for which reliable data are generally unavailable), 
in order to derive relevant results.

• Factor 3 is significant, and the degree of significance ranges from negligible (small volumes of water 
withdrawn from large rivers) to dominant (large volumes withdrawn from small rivers), within the 
framework of the recorded trend. A favorable circumstance from a trend analysis perspective is that much 
more water is used in Serbia for drinking water supply (where relatively accurate data are available), 
than irrigation (where there are only rough estimates).

• The existence of a river reservoir upstream of a given hydrological station is generally a negligible or 
small addend to the overall hydrological trend. Exceptions are small rivers, or large river reservoirs, 
relative to the surface area of the watershed.

• Land use changes range from negligible to very significant.
• Climate change is often the most important contributor to the overall hydrological trend. Climate change 

has to date had the greatest impact and resulted in the most distinct recorded downward precipitation and 
river flow trends in eastern Serbia [6]. Conversely, only minor change has been noted in southwestern 
Serbia, where many rivers exhibit near-zero trends as a result of an upward precipitation trend, but also 
an upward evapotranspiration trend due to a slightly greater temperature increase in that region. 
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An approximate geographical distribution of the downward average annual river flow trend in central Serbia 
is shown in Figure 1, compiled based on the trends recorded at 18 selected river monitoring stations, where 
Factors 3 and 4 were assessed as having an acceptable degree of impact, and where Factor 2 was either 
absent or negligible. It should be noted that within all river flow trend isolines there are rivers and monitoring 
stations that often exhibited significant trend variations (both up and down), as a result of Factors 1, 3, 4 and  
especially 2. 

Type of station Station
Table 2.  Registered hydrological trends by month and annual average (1949-2006)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Aver

Hydrological 
(%/100yrs)

Average of 
18 stations -12 -55 -22 -20 -70 -31 -27 -7 19 -22 -76 -68 -36.7

The average intra-annual (monthly) distribution of the hydrological trends recorded at these 18 stations is 
shown in Table 2. A significantly lower trend was noted during the months of low flow (July to October), as 
a result of an upward precipitation trend during these months and, additionally, often due to the presence of 
a river reservoir upstream from a given station, which equalized annual river flow. However, in the future, 
especially if the temperature trend would continue to rise, a downward trend of low flows is also to be expected, 
especially if there are no upstream river reservoirs (albeit less pronounced than in the case of average annual 
flows). 

It is also noteworthy that the long-term trends (annual averages) of the Danube and Sava rivers in Serbia are 
generally approximated at -10%/100 years.

Hydrological predictions

Observed hydrological variations tell us that there is a downward average annual river flow trend in Serbia. If 
temperature continues to increase, what is to be expected of hydrological trends? 

The common approach (RCM models) is to try to find an answer using several scenarios. In addition to this 
standard approach, a good way to arrive at the answer to this question is to analyze what happened in the past 
with average annual temperatures vs. river flows, and it is also useful to establish the same type of correlation 
between temperature and precipitation (Dimkić and Despotović, 2012; Dimkić et al., 2012; JCI, 2012). The 
temperature and precipitation stations which were closest to the center of the catchment area (C.A). of a 
hydrological station were taken as reference stations. The analysis included 18 hydrological stations and their 
associated meteorological stations. 

Methodology and Results

The values of the following parameters were calculated for each C.A. during the 1949-2006 period:

• Average annual river flow at a given monitoring site, relative to the average, Qrel;
• Annual precipitation sum recorded at a precipitation station close to the center of C.A., again relative to 

the average annual sum, Prel;
• Difference, ΔTav, between the average annual temperature and the average temperature at that station.

To arrive at relationships, data were grouped into categories according to deviations of average annual 
temperatures from the mean values for that station, at intervals of 0.5°C. Average values were then calculated 
for each category of temperature deviation, and of the annual flow and precipitation relative to their mean 
values, respectively. These data were then used to construct graphs of correlations between the derived 
values, displaying also the linear and 3rd degree polynomial fit to the composite data shown and the associated 
coefficient of determination R2. Even though each of the studied catchment areas exhibited specific features, 
there was no major difference between them: all showed the expected trend of an average decline in river 
flow with increasing temperature and vice-versa.  It was, therefore, fully justifiable to synthesize all relevant 
data into a single data series. This enlarged the data series by 58 members, of each of the analyzed series, to  
58x18 = 1044, and decreased the effect of random, non-standard years, especially in classes which otherwise 
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had few data points. A synthesis of all data (Figure 2) yielded average values and the derived trends could be 
considered highly representative for assessing the average temperature impact on river flows in Serbia.  

Figure 2.  Average annual river flow and precipitation, relative to averages, as a function of temperature deviation (all 
18 watersheds)

It should be noted that the coefficient of determination is very high in both graphs, 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 levels of about 7%, and on the average annual river flow of about 20%. The results differ 
from C.A. to C.A., but in most cases this variation is not great. If the linear and 3rd degree polynomial trends 
are extrapolated to +2°C, the following values are derived for relative river flow and relative precipitation 
(Table 3). 
Table 3 ΔTav ( °C )      → 0.5 1.0 1.5 2.0

Relative river flow (Qrel)
Linear trend 0.90 0.80 0.70 0.60
3rd degree polynomial trend 0.93 0.83 0.66 0.39

Relative precipitation (Prel)
Linear trend 0.97 0.93 0.89 0.86
3rd degree polynomial trend 0.99 0.94 0.85 0.67

This methodology can be used as a basis to assess probable average river flows (decline) in Serbia in the 
near future (30 years), depending on the average yearly temperature increase.  The same methodology can be 
applied to many countries and regions.

Climate change issues in water management planning

As evident from the observed data, the recorded downward trend of average annual river flows in central 
Serbia is about -30%/100 years. Variations in the hydrological cycle occur as a result of different changes that 
are grouped into three main categories (components): 

• Climate change (CC)
• Land use changes (LU)
• Changes in water use for human consumption (HU)

Temperature deviation 
category (°C) 

Relative discharge 
(average) 

Relative precipi-
tation (average) 

Temperature 
difference (average) 

Number of data 
points (years) 

Tav < -1.0°C 1.27 1.09 -1.22 74 
-1.0 < Tav < -0.5 1.11 1.05 -0.72 148 
-0.5 < Tav < 0.0 1.04 1.00 -0.24 327 

All data for 18 C.A. 1.00 1.00 0.00 1044 
0.0 < Tav < 0.5 0.96 1.00 0.22 278 
0.5 < Tav < 1.0 0.90 0.99 0.70 123 

1.0°C < Tav 0.72 0.88 1.36 94 
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Some RCM studies consider in their investigations only the first impact (CC), while others address all three, 
so this must be kept in mind when the results of different studies are compared. 

All three components are very important and the degree of significance varies to a great extent from watershed 
to watershed. Based on precipitation and temperature trend distributions, the greatest negative trend changes 
were noted in eastern Serbia. However, at stations in some other parts of Serbia, especially if there were 
significant changes in water use for human consumption or land use, the climate change impact is often 
negligible. The same is valid for the future. 

In general, there is a considerably lower trend during low-flow months (July to October), as a result of an 
upward precipitation trend during these months, but also often due to the presence of a river reservoir upstream 
of a given monitoring station, which equalizes annual flows. However, this does not mean that such a trend will 
not appear (if temperature continues to rise), especially at stations where there are no upstream river reservoirs.
How to respond to these pressures and adapt the water sector to cope with water scarcity in hydrologically dry 
years? In recent years, significant efforts have been made to improve the business efficiency (loss reduction, 
internal organization, etc.) of a number of drinking water supply providers. This is expected to continue in 
the future, after the cost-recovery approach has been implemented. In parallel, Serbia needs to invest in and 
develop new systems. Many of them are already needed today. Substantial construction of large regional water 
supply schemes is imminent; the north will rely on alluvial sources along large rivers (the Danube, the Sava, 
and possibly the Drina), and southwestern Serbia on water-abundant mountain sources (e.g. the Drina River 
and its tributaries: the Uvac, the Lim, etc.). Additionally, the number of small regional schemes attached to 
specific rivers in the remainder of the country will increase. Most of the regional schemes in central Serbia 
will deliver water to the middle of the country (the Velika Morava Valley and its extended area). The rate of 
development of local drinking water supply systems is expected to remain at the present level. The rate of 
development of irrigation schemes will very likely intensify, maybe to considerably surpass that of drinking 
water supply systems. The main problem is that all these regional schemes require substantial financing and 
detailed long-term planning. Several scenarios were generated. The possibilities in the pessimistic scenario are 
shown in Figure 3.
          

Figure 3
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Estimation and reliability of predictions

Even though it definitely exists, the lowest level of uncertainty is associated with observed changes. Data 
measured over a long period of time undeniably increase the degree of certainty, not only with regard to the 
recorded changes, but also with respect to predictions. 

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, if predictions for the near future (the next 30 years or so) using RCMs and 
through correlation and extrapolation of observed data, do not differ to a large extent, the reliability of such 
predictions is quite high. For average annual values in near future, the developed methodology for correlating 
average temperatures with average annual flows (or precipitation) is especially important. 

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 

problems is important (e.g. regions that record upward or downward precipitation trends, or sub-arid 
regions, etc.).

• Climate change as a component of the hydrological cycle is present at all monitoring stations, but its 
significance varies (it is generally dominant in the upper parts of all watersheds, and geographically in 
the eastern part of the country, but is often less significant or even minor elsewhere).

• It is extremely important to apply various methods to assess past and predict future climate 
and hydrological developments. For average annual values in the near future (approx. the next 30 
years), the developed methodology for correlating average temperatures with average annual flows 
(or precipitation) is especially important. If the average annual temperature were to increase by 2ºC, 
based on the correlations established to date between average annual river flows and average annual 
temperatures, we could expect, on average, approximately 50% less water in rivers whose catchment 
areas largely lie within Serbia.

• If predictions for the near future, using RCMs and correlating and extrapolating the observed data, do 
not differ to a large extent, the reliability of such predictions is quite high.
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Extended Abstract

The main objective of this paper is to familiarize wider scientific and professional circles with the concept, scope 
and outcomes of ongoing research that focuses on the potential impact of climate change on water resources 
in Serbia. Namely, the Serbian Ministry of Education, Science and Technological Development commissioned 
a project (TR 37005) titled “Assessment of Climate Change Impact on Water Resources in Serbia”, as part of 
its 2011-2015 Technology Development Research Program. Jaroslav Černi Institute for the Development of 
Water Resources (JCI) is the project coordinator. Apart from JCI, other participating organizations include the 
University of Belgrade-Faculties of Civil Engineering, Agriculture, Mining and Geology, and the University of 
Niš-Faculty of Civil Engineering and Architecture. The project manager is Prof. Dr. Stevan Prohaska, scientific 
advisor at JCI. About 50 domestic and international researchers are involved in the project. The beneficiaries 
are the Serbian Ministry of Agriculture, Forestry and Water Management, and the Electric Power Industry of 
Serbia. 

The project is divided into phases and activities. The underlying idea of the project is to study water resources 
in Serbia, as impacted by projected climate change through the end of the 21st century. Official data of 
the National Hydrometeorological Service, reduced to a single analytical period from 1946 to 2006, were 
used to define the “zero status” of water resources (both surface water and groundwater). State-of-the-art 
approaches and the theory of stochastic processes are applied to identify temporal principles that govern 
hydrometeorological patterns, in order to assess potential changes in the future. Special attention is devoted 
to the impact of climate change on the expected increase in the frequency, severity and duration of extreme 
hydrological events (floods and droughts). The project also addresses flood protection, identifies potential 
measures aimed at adapting to and managing floods, proposes flood risk management approaches, and looks to 
raise awareness of climate change. Additionally, the impact of climate change on agriculture is assessed both 
theoretically and experimentally, and guidelines are developed to boost production under such conditions. A 
project component is dedicated to the optimization of water use and development of cutting-edge technologies 
and equipment to ensure efficient utilisation of available water resources.

Summary of project scope and objectives

The scope of the project is a comprehensive study of the impact of climate change on water resources in 
Serbia, based on assessments of various climate change scenarios. The research effort is tied with the outcomes 
of assessments of climate change impacts on meteorological variables relevant to the hydrological cycle, 
addressed by Sub-project 1 “Modelling of Regional Climate Change” of Project III 43007 “Study of Climate 
Change and Environmental Impact: Monitoring, Adaptation and Mitigation”. The two projects are interlinked 
through Sub-project 8 “Serbia’s Water Resources as Impacted by Climate Change” of Project III 43007, 
and Sub-project 1 “Assessment of Climate Change Impact on the Main Meteorological Parameters of the 
Hydrological Cycle in Serbia, Based on the Most Recent Research Conducted in Serbia and Worldwide” of 
Project TR 37005. Specifically, the research of potential climate change impact on the main parameters of 
the hydrological cycle is conducted within the scope of Sub-project 1 of Project III 43007. The outcomes are 
then analysed further under Project TR 37005, to assess the potential impact on water resources and all other 
consequences that fall within the scope of Project TR 37005. 
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Namely, apart from taking over the outcomes of Project III 43007, the present research encompasses 
an assessment of different climate change scenarios and a study of the current status of surface water and 
groundwater resources in Serbia. Additionally, the main characteristics of water regimes are analysed in detail, 
from the perspectives of the existing, “zero status” and any impact of projected climate change. This includes 
the development of models for quantitative identification of the structure of hydrometeorological events, to 
analyse the cyclicity and periodicity, extract deterministic and stochastic components, and quantify trends, 
jumps and periodic-cyclical components of the considered time series. Also included are an assessment of the 
drought and flood frequency trends, the quantification of extreme hydrological events as impacted by climate 
change, and the definition of the probability of coinciding floods and droughts in the short term. Further, the 
research encompasses the development of methods and software for assessing the impact of climate change on 
surface water and groundwater resources in Serbia, at different points in time in the future, as well as a study 
of flood protection aimed at sustainable flood and flash-flood management in the river basins of the Danube, 
Sava and Tisa, as impacted by climate change, and awareness raising and education of both specialists and the 
general public. A lot of attention is devoted to agriculture, especially the vertical water balance components 
and their spatial distribution as impacted by climate change. Experiments have been set up to study the impact 
of climate change on the quality and quantity of plant production, particularly with regard to the development 
of guidelines for boosting effectiveness. Also addressed is the stimulation of plant production under different 
climate change scenarios, and special attention is devoted to the development of leading-edge technologies and 
equipment, to increase the efficiency of water use, and the construction of mathematical models to optimize 
water resources in agriculture.

The ultimate goal of the research is to gain insight into potential impacts and generate guidelines for more 
efficient use of water resources (both surface water and groundwater), in circumstances brought about by 
climate change. Special emphasis is placed on the identification of the “zero status” of surface water and 
groundwater budgets and regimes, and their intra-temporal structures, from the viewpoint of defining the 
nature of cyclical dry and wet years. One of the objectives is to create a sustainable development strategy 
with regard to current flood and flash flood patterns, as well as those expected to result from climate change 
in Serbia. Awareness raising and education of specialists and the general public in this respect are highlighted. 

Organization of the project

The implementation of this highly-complex project has been divided into 14 phases of research:

• Phase 1. Assessment of climate change impact on the main meteorological parameters of the hydrological 
cycle in Serbia in the 21st century, based on the most recent research conducted in Serbia and worldwide

• Phase 2. Definition of the current (“zero”) status of the surface water regime to assess the potential 
impact of climate change

• Phase 3. Definition of the current (“zero”) status of the groundwater regime to assess the potential 
impact of climate change: a) alluviums and b) karst

• Phase 4. Stochastic and probabilistic analysis of available long-term time series of 
          relevant hydrometeorological phenomena in Serbia

• Phase 5. Assessment of flood and drought frequency trends as impacted by climate change
• Phase 6. Development of a methodology for assessing the impact of climate change on the surface water 

regime
• Phase 7. Development of a methodology for assessing the impact of climate change on the groundwater 

regime 
• Phase 8. Definition of the impact of climate change on the surface water regime in Serbia  
• Phase 9. Assessment of the impact of climate change on the groundwater regime in Serbia 
• Phase 10. Assessment of the impact of climate change on flash floods  
• Phase 11. Flood protection as impacted by climate change: sustainable management, awareness raising 

and education  
• Phase 12. Assessment of the impact of climate change on the occurrence of droughts and duration of dry 

periods in Serbia in the 21st century 
• Phase 13. Study of the impact of climate change on agricultural activity and development of guidelines 

for boosting effectiveness
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• Phase 14. Development of a model for optimizing water use in agriculture under changed circumstances, 
and development of leading-edge technologies and equipment to optimize utilization of available 
resources 

In essence, Project TR 37005 “Study of Climate Change Impact on Water Resources in Serbia” calls for 
an assessment of climate change impact under different scenarios, constructed and analysed in detail under 
Project III 43007 “Research of Climate Change and Environmental Impact: Monitoring, Adaptation and 
Mitigation”. The link between these two projects is Sub-project 8 “Serbia’s Water Resources as Impacted 
by Climate Change” of Project III 43007, and Phase 1 “Assessment of climate change impact on the main 
meteorological parameters of the hydrological cycle in Serbia, based on the most recent research conducted 
in Serbia and worldwide” of Project TR 37005. Specifically, all research on potential climate change that 
might have repercussions on the main parameters of the hydrological cycle are considered under Sub-project 
1 “Regional Integrated Geophysical Model and Climate Change Scenarios for Serbia” of Project III 43007. 
These potential repercussions are addressed in all other phases (2 through 14) of Project TR 37005.

Project outcomes to date with regard to surface water resources

In view of the very large scope of the project, this paper focuses on climate change impact on surface water 
resources in Serbia, as addressed in Phases 1, 2, 4, 5, 6 and 8. A summary of the outcomes at this stage is given 
below.

Phase 1. Assessment of climate change impact on the main meteorological parameters of the hydrological 
cycle in Serbia in the 21st century, based on the most recent research conducted in Serbia and worldwide. 

The climate monitoring stations that feature long-term time series, both in Serbia and worldwide, which are 
representative enough to characterize the climate of a given region, were selected. The longest available time 
series were collected and the respective climate monitoring stations identified for the period from 1946 to 
2006. The time series were identified and the periods of temporal and spatial discretization selected. Typical 
time series of monthly precipitation totals were defined with respect to 437 rain gauge stations, while monthly 
time series of other meteorological data (such as average monthly and extreme monthly air temperatures, 
average monthly air humidity, and average monthly vapor pressure) were defined for 56 weather stations. The 
outcomes of the global model SINTEX-G under scenarios A1B (moderate) and A2 (most extreme in terms 
of gases) were scanned using a regional model and the coupled atmospheric-and-oceanic model EBU-POM, 
for the territory of Serbia, averaged by representative river basin. Then daily data sets were generated for 
the following climate parameters: daily precipitation totals, average daily air temperatures and sums of daily 
evapotranspiration for the period 1961–2100. These daily time series were adapted to serve as inputs into the 
VNC model for a preliminary assessment of the future climate change impact on water resources in several 
representative river basins within Serbia.

Phase 2. Definition of the current (“zero”) status of the surface water regime to assess the potential impact of 
climate change 

Climate parameters that may be relevant to surface water as impacted by climate change were defined. The 
“zero status” of all the main characteristics of the surface water regime at key gauging stations in Serbia was 
determined. With regard to the present state of water resources, the basic quantitative characteristics of the 
water regime were established at all hydrological stations where data were available for a period longer than 
30 years (a total of 143 stations). Time series of daily and average monthly discharges were defined at all these 
stations, as were the main indicators of the water regime: average flow, low flow and high flow (flood). Using 
these data, GIS maps were produced of the main components of the surface water budget: annual precipitation 
totals, sums of evapotranspiration and river discharges (specific runoff). The outcome of this effort was the 
availability of surface water resources by water budget unit, river basin and water district, according to the 
Water Law, and by administrative territory of Serbia. This provided a full definition of the “zero status” of 
water resources in Serbia. 

Phase 4.  Stochastic and probabilistic analysis of available long-term time series of relevant hydrometeorological 
phenomena in Serbia
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The following databases were compiled for the purposes of this phase of the project: Rivers of the World, 
Rivers of Europe, Rivers of Serbia, Weather Stations in Europe, Weather Stations in Serbia, and Solar 
Radiation and Atmospheric Circulation Indices.

The Rivers of the World database contains 3372 hydrological stations situated on all major rivers in the 
world, and includes data on: average daily and maximum and minimum annual discharges, as well as data on 
the months during which extremes were registered. The hydrological stations are evenly distributed among the 
continents and their numbers are proportional to the size of the river basin or country. The time series are 60 
to 200 years long. 

The Rivers of Europe database contains a section on daily discharges of the Danube River and its tributaries, 
with average daily and absolute minimum and maximum discharges during the year. This section includes a 
total of 99 hydrological stations from 13 countries (the Danube flows through ten, and the rest also share the 
Danube River Basin). 

The Rivers of Serbia database contains information on average daily and extreme annual discharges at 143 
hydrological stations. 

The Weather Stations in Europe database includes the longest recorded time series of daily values, specifically: 
average air temperatures since 1756, minimum air temperatures since 1763, maximum air temperatures since 
1763, daily precipitation totals since 1797, atmospheric pressures since 1775, hours of insolation since 1775, 
depths of snow cover since 1858, cloudiness since 1861, wind directions since 1870 and wind speeds since 
1877.All the data are on a daily basis. There is a total of 8542 time series in the database and the number of 
stations is 3971. 

The Weather Stations in Serbia database contains daily precipitation totals from 437 rain gauge stations, 
average daily air temperatures, vapor pressures and air humidities from 56 weather stations, daily sums of 
evapotranspiration from 26 stations, daily insolation from 28 stations and wind speeds and directions from 27 
stations. 

The Solar Radiation and Atmospheric Circulation Indices database includes time series of annual solar 
radiation (Wolf’s number) and monthly time series since 1749. This database also contains monthly indices of 
atmospheric circulation (Vangengeim) – W, E and C, since 1865, and North Atlantic circulation indices since 
1865.

Special procedures were developed for quantitative assessment of the internal structure of the above 
hydrometeorological processes, based on practical application of the correlation and spectral theories of 
random processes. The basic elements for uncovering the internal structure of the time series are the results 
of calculations of the following characteristics of random processes: homogeneity and independence of the 
time series; existence of linear and nonlinear trends in the time series; autocorrelation and cross-correlation 
functions; spectral and cross-spectral functions; and periodogram, dispersion and harmonic analyses. The 
purpose of these analyses was to identify the homogeneity and independence of the members of very long 
hydrometeorological time series and to determine the (non)existence of natural and anthropogenic trends and 
any trends resulting from climate change. The correlation and spectral analyses, as well as the periodogram 
analysis, along with the results of a Fourier transform analysis, will show whether there is natural cyclicity 
in the considered hydrometeorological time series, identify any discrepancies and assess possible causes of 
changes. 

Numerical procedures, based on spectral functions, periodogram analysis and Fourier transforms, were developed 
for cyclicity assessment. Specifically, procedures were defined for calculating discrete and continuous spectra, 
as well as identifying statistically significant sine components by means of Fourier functions. In essence, the 
main task was to identify statistically significant periodic components of all the hydrometeorological time 
series. The significance of the identified periods was verified by Fisher’s test.
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Specific simulations aimed at identifying the cyclic components were undertaken using the time series of 
annual discharges of rivers across the world, for which the longest monitoring time series were available. The 
results of the simulation suggest a great diversity of the cyclical periods of the components that take part in 
the formation of average annual discharges of these rivers. A detailed analysis revealed that all types of long-
term cyclicity were dominant, including microcyclicity (of the order of 10 years), macrocyclicity (10 to 40 
years) and mesocyclicity (more than 100 years). The time series were filtered by the Loess method to remove 
microcyclicity and accentuate the macro- and meso-cyclic components.

Phase 5.  Assessment of flood and drought frequency trends as impacted by climate change 

A database of flood and drought durations, along with the main characteristics at most water gauging stations in 
Serbia, was compiled for the purposes of defining the frequency of floods and droughts as impacted by climate 
change. The main focus at this stage of the project was on the development of a new method for arriving at 
conditional probabilities of occurrence of extreme hydrological events (disastrous floods and droughts), with 
regard to Serbia’s natural watercourses. Namely, from an agricultural perspective, it is extremely important to 
know the probability of such extreme events recurring in the same place relatively soon. The essence of the 
method is to use available time series of maximum and minimum annual discharges and define the probability 
of a coincident occurrence of these events in the same calendar year, to identify top and bottom outliers in 
the same correlation field, and then use them and the formulated two-dimensional law of flood and drought 
coincidence distribution to determine the probability of exceeding top and bottom extremes. The Pilot and 
Harvey test was applied to identify the outliers.

The developed method was used to identify extreme hydrological events across the territory of Serbia. 
Specifically, historical floods and droughts were identified at 143 gauging stations. The absolute maximum 
river discharges were representative of floods, and the absolute minimum annual discharges and minimum 
average 30-day discharges were representative of droughts. According to the Pilot and Harvey test, there have 
been historic floods at 14 gauging stations in Serbia with a return period of 77 to 1000 years. With regard to 
minimum annual discharges, there have been a total of 26 historical droughts with a return period of 80 to 1500 
years, and from the viewpoint of minimum 30-day discharges, a total of 20 historical droughts with similar 
return periods. During the study period, there were historical floods and hydrological droughts at only two 
stations. The most prominent example is the Raška River at Raška station; the conventional return periods of 
historical events were: 539 years for floods and 238 years for droughts. However, the computed probability 
that these two historical events (1979 flood and 1951 drought) will occur in the same calendar year is less than 
0.001, which translates into a return period of 10,000 years.

Phase 6.  Development of a methodology for assessing the impact of climate change on the surface water 
regime 

The project team selected the following models to assess the impact of climate change on Serbia’s water 
resources: HEC-HMS and SHETRAN, the statistical-and-correlation model VNC – a model of multiple 
nonlinear standardized correlation, and the regressive model LIN-REG. HEC-HMS and SHETRAN are suitable 
for simulations of hydrological values with short time steps, and thus for assessments of future variations in 
extreme hydrological values, which are essential for any analysis of future disastrous floods and droughts. 
Conversely, VNC and LIN-REG models use variables with longer time steps and are applied to assess the 
future status of available water resources at a given time and place. 

In the specific case, the VNC model was adapted to simulate river discharges as affected by known climate 
change impacts on external causes, such as precipitation, air temperature and evapotranspiration. In essence, 
the VNC model is based on the establishment of linear correlation functions between standardized variables, 
with different combinations of causal relationships of the previously-mentioned hydrometeorological time 
series. Specifically, the dependent variable was the discharge at the gauging station where the impact of climate 
change on the regime of the river was to be assessed. The independent variables were known time series 
values, for which the status as impacted by climate change was assessed in Activity 5 of Phase 1 of the project. 
The LIN-REG model is in essence a linear trend equation for the existing hydrological time series, with trend 
extrapolation for a long-term period in the future.
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Phase 8.  Definition of the impact of climate change on the surface water regime in Serbia

This phase was implemented in parallel at JCI and the University of Niš - Faculty of Civil Engineering and 
Architecture. The VNC model was the basis for all calculations, but both institutions made certain adjustments 
to the model. 

JCI generally used the original version, with spatial synchronization of parameters. Four river basins were 
selected to assess the impact of climate change on all the above characteristics of the river discharge regime. 
The results produced to date are of a preliminary nature. The final position regarding the impact of climate 
change on the water regime in Serbia will be reported at the end of the research period.

The Faculty of Civil Engineering and Architecture from Niš currently fine tuning a two-parameter model for 
assessing the impact of climate change on the water regime. This model relies on nonlinear correlation and is 
in essence a modified VNC model, used to generate time series of average monthly discharges for ungauged 
river basins. The significance of this effort is the ability to transfer the generated time series of hydrological 
stations, as impacted by climate change, to ungauged river cross-sections. The model is simple because it deals 
with only two parameters. The required input data are solely long-term discharges at hydrological stations and 
geomorphological characteristics of the river basins.
The research associated with low flows of natural watercourses indirectly deals with the impact of urbanization 
on the hydrological cycle. This research was conducted in close collaboration with the researchers involved 
in Project TR 36042 “Optimization of Architectural and Urban Planning and Design to Support Sustainable 
Development of Serbia”, which addresses the role, significance and benefits of integrated stormwater 
management in urban areas, a novelty in Serbia’s planning practices. The focus is on water-sensitive urban 
design (WSUD). Assessments of various scenarios indicate that the most important benefits are the prevention 
or mitigation of climate change impact through microclimate improvements, enhancement of infiltration, and 
the like.

******

The outcomes of the research under this project have been presented at several domestic and international 
conferences, published in domestic and international journals and used to develop numerous studies and expert 
assessments and implement projects in which members of the research team were involved.
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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 21st 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 rivers discharge regime. 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. Different climate scenarios, 
applied in climate projections, are represented with different storylines that embody our potential future practices. 
They make varying assumptions regarding future global population growth, technological development, 
globalization, and societal values. Better understanding how the water balance fluxes will change in the future 
is possible if we force the same hydrological model with precipitation and temperature data obtained with 
different combination of the global and regional climate models and different emission scenarios.

For this study we have chosen Toplica river. The Toplica river catchment covers the highest peaks of Serbia 
and all its tributaries belong to rivers with the predominantly snow generated regime since the snowmelt is 
dominant in annual runoff volume. Hydrological projections for Toplica river basin were obtained by the 
lumped SMHI/HBV model with daily time step. The discharge time series were obtained by forcing the HBV 
model with results of 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). In addition to these simulations, hydrological simulations run by bias corrected results of the ECHAM5/
RCM-SEEVCCC for A2 scenario and CMCC-CM/NMMB model for the new IPCC scenario RCP8.5 are done 
as well. 

The objective of this paper was to investigate how different emission scenarios and used models will define 
possible climate change impact on water regime and water resources on Toplica river. It is expected that 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, so it is crucial to quantify those changes.
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