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INTEGRATED PROJECTION FOR RUNOFF
CHANGES IN LARGE RUSSIAN RIVER
BASINS IN THE XXI CENTURY
ABSTRACT. The paper discusses an approach to a long-term forecast of river runoff changes
for Russian large river basins in the first third of the XXI century caused by climate warming and
social-economic changes. The approach considers runoff changes under a range of possible
climate warming effects. This range is chosen by generalizing the calculation results obtained
by using an ensemble of global climate models within CMIP 3 and CMIP 5 experiments for two
contrasting scenarios (A2/RCP 8.5 and B1/RCP 2.6) of globally averaged air temperature rises.
The approach also utilizes a method for alternative scenario for water consumption related
to socio-economic changes. The obtained scenario estimates show that expected changes in
the Volga and Don annual river runoff and its intra-annual distribution in the first third of this
century can be relatively small, while changes in water use characteristics may be extremely
negative in some scenarios, especially in the Don River basin.
KEY WORDS: large river basins, scenarios of river runoff changes, global climate warming,
socio-economic changes, water consumption
INTRODUCTION
Global climate warming and socioeconomic changes are the leading factors
in determining the future state of large river
basin water systems that play an important
role in the economic development of Russia.
For this reason, it is necessary to generate
integrated scenarios of river runoff changes
within the large river basins, which would
take into account the long-term potential
changes in the two factors. Such scenarios
should provide the basis for an ecologically
safe management of water systems in the
future.
Because the long-term trends and rate of
changes in climate and social and economic
development are rather uncertain, it is
important to use their alternative scenarios
in the forecast. Thus a great deal of attention

is given to the development of long-term
scenario forecasting the hydrological effects
of global climate change and the water
management system transformation in large
Russian river basins.
In recent years, the authors have developed
a methodology for long-term scenario
projections of river runoff changes, which
includes a water balance model and
methods for utilization of global climate
warming scenarios, methods for the scenario
estimates of the water management system
transformation, and GIS technologies
[Georgiadi et al., 2011; Georgiadi et al., 2014].
RESEARCH METHODOLOGY
The approach taken to create a longterm scenario projection of river runoff
changes in large Russian river basins in the
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Fig. 1. Flowchart of the estimation.

first third of the XXI century includes two
methods: (1) a method generating scenario
estimations of runoff changes for a range
of potential climate warming scenarios
based on the generalization of calculated
results obtained by using an ensemble of
global climate models and (2) a method for
alternative scenario estimations for the water
management system transformation caused
by socio-economic changes and their impact
on the river runoff. The estimation flowchart
is shown in Fig. 1.

Hydrological Forecasts,’ 1989); movement of
the freezing front calculated from a simplified
solution for classical single-front Stefan
problem [Bel’chikov & Koren’, 1979; Pavlov,
1979]; formation of surface, subsurface, and
groundwater flow in the rivers and full river
runoff. In the monthly water balance model,
the changes in the river runoff and other
water balance elements are estimated in the
cells of a regular grid, which facilitates the
coupling of the model and climate model
simulations.

Monthly water budget model

The range of probable climatic changes,
which is estimated by calculating mean
annual deviations of climatic elements for
the 2010–2039 (conventionally referred to as
2025) from their recent values, is used as a
climatic scenario. The calculations in water
balance model are made for the two scenarios
using the most (A2 and RCP 8.5) and the least
(B1 and RCP 2.6) intensive rises of globally
averaged air temperatures. Calculation results
obtained by using ten global climate models
for CMIP3 scenarios [Meehl et al., 2007] and
about 30 global climate models for CMIP5
scenarios (http://cmip-pcmdi.llnl.gov/cmip5/)
were incorporated. The ten “best” climate
models, which were chosen by A.V. Kislov
with co-authors [Kislov et al., 2008] from 23
climate models by comparing the presentday observed climatic conditions with the

The model and its application to the largest
river basins of the Russian Plain are considered
in detail in the following publications:
Georgiadi & Milyukova [2002] and Georgiadi et
al. [2010, 2011]. This model can be categorized
as one of a number of macro-scale hydrological
models that have been developed in recent
years [Willmott et al., 1985; WATCH, 2008]. The
model is based on the conservation equation
for the long-term monthly average water
balance of river watersheds. It simulates the
following processes: infiltration and moisture
accumulation in the soil; evaporation (based
on a modified Thornthwaite’s method
[Willmott et al., 1985]); water accumulation
in the snow cover and snow melting (based
on V.D. Komarov’s method ‘Manual on
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simulated ones in case of CMIP 3, while to
estimate the runoff changes by the CMIP 5
scenarios, the results obtained from all climate
models included in this program are used.
The range of scenario deviations of mean
monthly air temperatures and precipitation
totals is determined for each of the scenario
ensemble mentioned by averaging the
calculated results obtained from each of the
climate model chosen.
Method for alternative scenario
estimations for water management system
transformation
The methodology of estimating the impact
of socio-economic changes on river runoff
[Koronkevich, 1990; Georgiadi et al., 2008,
2011] is based on the assumptions of different
rates of socio-economic development of a
country and its regions and on the scenarios
built around using different levels of water
consumption and the water system protection
technologies in place.
Major water consumers (household and
industrial water use, irrigation, and rural water
supply) are taken into account. Scenarios of
household water use changes are recognized
with regard to urban and rural population
dynamics.
Scenarios of accelerated, moderate, and
minimum socio-economic development are
considered. The scenarios are based on the
current specific level of water consumption
and its maximum, average, and minimum
decrease. Changes in storage evaporation
rates and land use effects are also taken into
account.
It is essential to understand that in the past
decades, the water consumption dynamics
in the Volga and Don river basins are in
many respects close to that which was
typical for Russia as a whole (Fig. 2a, b). This
makes it possible to use economic and water
consumption changes recorded/predicted for
the whole of Russia when working out basin
scenarios. Along with this, the natural and

02 (09) 2016

economic features of individual basins should
be taken into account in forecast scenarios as
well. The general algorithm for the method
behind alternative scenario estimations for the
water management system transformation
takes place in two stages: pre-projection and
projection.
The pre-projection stage includes the
following steps: general orientation of the
method development; analysis of natural
conditions and space-time patterns of water
resources distribution and water resources
quality; analysis of economic activity and its
impact on water systems; analysis of water
system state dynamics; and selection of
operating units.
The projection stage consists of the
following steps: consideration of the
expected natural hydrological and climatic
situation; consideration of predicted
population and economic development;
estimation of probable changes in water use
technology; consideration of the aggregate
of anthropogenic and natural climatic factors;
and scenario verification from water economy
balances.
Estimates of future anthropogenic impacts
on water resources for the years 2025–2030
are based on three scenarios for population
change (average, maximum, and minimum),
three options for economic development
(inertia, energy and resource-based, and
innovative) and four scenarios of specific
water consumption change (the basic
levels in 2000–2005, average, maximum,
and minimum reduction). According to the
official statistical forecast, the 1.05–1.15 times
population decline is expected by 2025–2030.
The Ministry of Economic Development of
The Russian Federation gives the following
economic growth rates of economic
development for the same period – in
industry 3–5 % per year increase, 2–4 % in
the sectors of agriculture, and 1–3 % in other
industries [The concept of long-term socioeconomic development…, 2008; Kuzyk &
Yakovets, 2006, etc.].
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Fig. 2. Water consumption indices in Russia as related to those in the Volga (a) and Don (b) river basins
(in mln m3/yr) in 1990, 1995, 2000, and 2005. 1 – the total water volume abstracted; 2 – the total water
volume used; 3 – the water volume used to meet production needs; 4 – the water volume used for
domestic water supply; 5 – the water volume used for irrigation; and 6 – the total sewage volume
discharged.

Possible improvement in the water use
technology provides the opportunity to plan
for a 1.2–5 times reduction in delivery waste
[Water Resources of Russia..., 2008; Demin,
2005; Laskorin et al, 1981]. There is a 10 % per
capita decline expected in domestic water
use according to the scenario of the average
specific water consumption changes, 20 % –
according to the maximum changes, and
5 % – according to the minimum changes.
Industrial water use in the Volga and Don
basins is projected to decline by 1.7 times
according to the scenario of maximum

specific water consumption changes; in the
medium and minimum scenarios, it is 1.5
and 1.2 times, respectively, which is slightly
lower than the average reduction for Russia
as a whole, taking into account possible
water-intensive industry distribution in the
areas rich in water resources. In agriculture,
the consumption of water for irrigation will
decrease by 1.1–1.5 times. This reduction is
less than the average for Russia currently
where, for example, in the Volga and Don
basins, sprinkling irrigation is used for large
areas as a more economical form as opposed
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to contour ditch irrigation, prevailing in
regions like Northern Caucasus.

figures for the Volga basin were substantially
different.

HYDROCLIMATIC CHANGES IN THE FIRST
THREE DECADES OF THE XXIST CENTURY

Main trends for river runoff changes

Specific features of air temperature and
atmospheric precipitation changes
In the first three decades of the XXI century,
the mean annual air temperature in the
Volga and Don river basins is expected to
rise by 1.4–2.1 °С and 1.3–2 °С, respectively.
Air temperature changes according to CMIP
5 scenario are slightly more notable (by
0.1–0.2). According to the scenarios, the
mean annual atmospheric precipitation will
increase in the Volga basin by 32–46 mm (the
A2 and RCP 8.5 scenarios) and by 24–42 mm
(the B1 and RCP 2.6 scenarios) and in the Don
basin by 10–31 and 13–26 mm, respectively,
which is within the limits of 5–8 % for the
Volga and 2–5 % for the Don as it relates to its
recent values. Intra-annual distributions of air
temperature and atmospheric precipitation
scenario changes in the Don basin were
quite similar for each scenario; however, the

Relatively close scenario changes of air
temperature and atmospheric precipitation
in the first third of the XXI century may
result in varying character of hydrological
consequences in the Volga and Don basins.
Annual runoff in the Don basin may be
expected to have small changes under the
conditions of all considered scenarios. Whereas
the Volga runoff most possibly would increase
in A2, RCP8.5, and RCP2.6 climatic conditions
scenarios by approximately 10 %, but in the B1
scenario changes may be less notable (Fig. 3).
The response of the intra-annual runoff
structure to scenario climate changes is also
quite different for the Volga and Don basins.
A flattening-out of the flood wave can be
expected for the Don River, while on the
Volga River, on the contrary, in the month of
the highest runoff during flood there may be
a runoff increase, whereas the runoff of the
next month can decrease. The winter runoff

Fig. 3. Observed and expected in future (2025–2030) water abstraction in the Don (1) and Volga (2)
river basins, and the projected change in their mean annual river runoff in the third three decades of the
XXI century with contrasting scenarios of global climate warming A2/RCP8.5 and B1/RCP2.6 (as a percentage of the mean annual runoff).

a – the existing situation; b – the most favorable scenario of economic development and the current specific water
consumption; c – moderate rates of economic development and reduced specific water consumption; 3 – total water
withdrawal; 4 – consumptive water use.
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can increase both on the Volga and on the
Don; however, the summer-autumn runoff on
the Volga may be lower than the recent runoff;
and on the Don it may be higher.
PROJECTED CHANGES IN THE
CHARACTERISTICS OF WATER
MANAGEMENT SYSTEMS
The long-term forecast for anthropogenic
changes in the Volga and Don runoff has
been significantly refined compared to the
previous one [Georgiadi at al., 2014a, 2014b].
This is due to a number of circumstances that
have arisen in the last few years. Among them,
the economic crisis, intensive water resources
management restructuring associated with
the wet industries replacement, and water
saving measures. As a result the previously
presented indices of economic development
and water protection measures are adjusted
to fit the almost double-term reduction
forecast, and attributed to the modern period
(2010–2013).
Refined results of the calculations have
shown that keeping the existing specific
water consumption rates in the Volga and, in
particularly, the Don basins is unacceptable
since under any scenario, this imposes an
excessive load on the water elements of the
environment, mainly on the river runoff.
With the most favorable scenario of economic
development and the current specific water
consumption, water abstraction, compared
to the existing situation, can increase twice
on average and reach 17 % of the mean
annual runoff in the Volga basin and almost
40 % in the Don basin, which is unacceptable
in respect to water economy and ecology.
However, a close to the current level water
abstraction can be maintained with specific
water consumption reduced by a factor of
1.2–1.3 and moderate rates of economic
development (Fig. 3).
Reduction in specific water consumption
based on the known technological
solutions, primarily those intended to avoid

non-productive water losses, would result
in a substantial decrease in major water
consumption indices. Moreover, under one
of the scenarios of economic development
and the greatest level of introduction of new
technology, a decrease in the anthropogenic
load on water resources can be achieved to
be lower than or approximately equal to
the current levels, with a significantly higher
standard of living attained.
CONCLUSION
The proposed ensemble approach to the
long-term forecast scenario of runoff changes
in large river basins, related to the socioeconomic transformation and global climate
warming, allows for the estimation of a range
of runoff changes in the Volga and Don basins
that can be expected in the first three decades
of the XXI century.
Under the most favorable scenario of
economic development and the current
specific water consumption, water abstraction
can increase by as much as three times
compared to the current situation and reach
a critical level, which would have an adverse
effect on the water management system
and the environment. However, the current
water abstraction levels can be maintained
with specific water consumption reduced
by a factor of 1.5 and with moderate rates
of economic development. Under global
climate warming scenarios, the mean annual
Volga river runoff can increase, which, to a
certain extent, offsets the negative impacts
of water abstraction growth. However, this
compensation to the negative impacts
would not occur in the Don river basin, where
negative effects are expected to take toll on
the regional environment.
ACKNOWLEDGEMENTS
This research was supported by the Russian
Foundation for Basic Research (grants 13-0541437, 15-05-04207) and the Program of the RAS
Presidium N 13 (the project “Spatial Structure of
Water Resources Changes in Russia”). 

43 GEOGRAPHY

Alexander G. Georgiadi et al.

GEOGRAPHY. ENVIRONMENT. SUSTAINABILITY.

02 (09) 2016

44 GEOGRAPHY

REFERENCES
1. Bel’chikov V.A., Koren’ V.I. (1979) Model’ formirovanija talogo i dozhdevogo stoka dlja
lesnykh vodosborov (Model of snow melting and rain runoff formation for forest watersheds) // Trudy GMC. Vyp. 218. L.: Gidrometeoizdat. S. 3–21. (in Russian)
2. Demin, A.P. (2005) Dinamika effektivnosti vodopol’zovanija v regionakh Rossii (Dynamics
of water use efficiency in the Russian regions). Bjulleten’“Ispol’zovanie i ohrana prirodnyh
resursov v Rossii”. № 2. S. 48–57. (in Russian).
3. Georgiadi, A., & Milyukova, I. (2002) Masshtaby gidrologicheskikh izmenenij v bassejne
reki Volgi pri antropogennom poteplenii klimata (Possible scales of hydrological changes
in the Volga river basin during anthropogenic climate warming). Meteorologija i gidrologija. 2002. № 2. S. 72–79. (in Russian)
4. Georgiadi, A. & Milyukova, I. (2006) Vozmozhnye izmenenija rechnogo stoka v bassejnakh
krupnejshikh rek Russkoj ravniny v XXI veke (Possible river runoff changes in the largest
river basins of the Russian Plain in the 21st century). Vodnoe hozjajstvo Rossii. № 1. S.
62–77. (in Russian)
5. Georgiadi, A., Milyukova, I. & Kashutina, E. (2010) Response of river runoff in the cryolithic
zone of Eastern Siberia (Lena River basin) to future climate warming. Chapter 10. Ed. H.
Balzter Environmental change in Siberia: Earth observation, field studies and modelling.
Advances in Global Change Research 40, doi 10.1007/978-90-481-8641-9_10, © Springer
Science + Business Media B.V., 157–169.
6. Georgiadi, A., Koronkevich, N., Milyukova, I., Barabanova, E. & Kislov, A. (2009) Integrated scenarios of long-term river runoff changes within large river basins in the 21st century. The role
of hydrology in water resources management. IAHS Publications 327. Eynsham, pp. 45–51.
7. Georgiadi, A., Koronkevich, N., Milyukova, I., Kislov, A., Anisimov, O, Barabanova, E., Kashutina, E. & Borodin, O. (2011) Scenarnaja otsenka verojatnykh izmenenij rechnogo stoka
v bassejnakh krupnejshikh rek Rossii. Chast’ 1. Bassejn reki Leny. (Scenario Estimation of
Probable River Runoff Changes in the Largest Russian River Basins. Part I: The Lena River
Basin). M.: Maks Press, 179 s. (in Russian).
8. Georgiadi, A.G., Koronkevich, N.I., Milyukova, I.P., Kashutina, E.A., Barabanova, E.A. (2014a)
Sovremennye i scenarnye izmenenija rechnogo stoka v bassejnakh krupnejshikh rek Rossii.
Chast’ 2. Bassejny rek Volgi i Dona (Contemporary and scenario runoff changes in large river
basins of Russia. Part 2. The Volga and Don river basins). MAKS Press. 216 p. (in Russian)
9. Georgiadi, A.G., Koronkevich, N.I., Milyukova, I.P., Barabanova, E.A. (2014b) Ensemble scenarios for projections of runoff changes for large Russian rivers in XXI century. Proceedings of ICWRS 2014, Bologna, Italy, June 2014. IAHS Publ. 364, p. 210–215.
10. Koronkevich, N. (1990) Vodnyj balans Russkoj ravniny i ego antropogennye izmenenija (Water
Balance of the Russian Plain and its Anthropogenic Changes). M., Nauka, 1990. 205 s. (in Russian)
11. Kuzyk B.N., Jakovec Ju.V. (2006) Integral’nyj makroprognoz innovacionno-tehnologicheskoj i strukturnoj dinamiki ekonomiki Rossii na period do 2030 goda. (Integral macro-

Alexander G. Georgiadi et al.

INTEGRATED PROJECTION FOR RUNOFF CHANGES...

12. Laskorin B.N. i dr. (1981) Osnovnye problemy razvitija bezothodnykh proizvodstv (Major
problems of non-waste production). M., Strojizdat, 241 s. (in Russian)
13. Rukovodstvo po gidrologicheskim prognozam. Vypusk 1. Dolgosrochnye prognozy
elementov vodnogo rezhima rek, ozer i vodokhranilishch (Manual on Hydrological Forecasts. Issue 1: Long-term Forecasts of Water Regime of Rivers, Lakes and Water Reservoirs)
(1989). L.: Gidrometeoizdat. 358 s. (in Russian)
14. Meehl, G.A., Covey, C., Delworth, T., Latif, M., McAvaney, B., Mitchell J.F.B., Stouffer, R.J.,
Taylor, K.E. (2007) The WCRP CMIP3 multi-model dataset: A new era in climate change
research. Bulletin of the American Meteorological Society, N 88, pp. 1383–1394.
15. Pavlov, A.V. (1979) Teplofizika landshaftov (Thermophysics of Landscapes). Novosibirsk:
Nauka, Sibirskoe otdelenie (in Russian).
16. Koncepcija dolgosrochnogo social’no-ekonomicheskogo razvitija Rossijskoj Federacii na
period do 2020 goda. (The concept of long-term socio-economic development of the
Russian Federation for the period until 2020) (2008). M., 194 s. (in Russian)
17. WATCH (Water and Global Changes). (2008) Technical Report No. 1, 1–19.
18. Vodnye resursy Rossii i ikh ispol’zovanie (Water Resources of Russia and their use) (2008).
SPb.: Gosudarstvennyj gidrologicheskij institut, 600 s. (in Russian).
19. Willmott, C., Rowe, C. & Mintz, Y. (1985) Climatology of the terrestrial seasonal water cycle.
J. of Climatology. Vol. 5, 589–606.
Received 31.10.2015

Accepted 05.05.2016

Alexander G. Georgiadi is Leading Scientific Researcher of the
Hydrology Department at the Institute of Geography RAS. He
received his Ph. D. in 1981. The main areas of his recent projects
are estimation of hydrological consequences of global climate
change in the past, present and future for different spatial and
temporal scales based on field work, data set analysis, and
modeling. He has organized and actively participated several
international scientific programs in Russia: international field
experiments in Central part of Russian Plain (including KUREX-88
and KUREX-91 under the RAS-NASA Agreement) and the GAME/
Siberia Program in Eastern Siberia (1994–2004). Since 2005, he is
the Northern Eurasian Earth Science Partnership Initiative Project Officer. He is Scientific
Board Member of the International Geoscience Programme (IGCP). He delivered lectures at
universities and research institutes in China, Japan, Germany, USA, and at the International
Hydrological Courses of UNESCO (Moscow). He organized several international workshops
and conferences. He is the author of over 150 scientific publications, including monographs.

45 GEOGRAPHY

economic forecast of innovation and technology and the structural dynamics of the
economy of Russia until 2030). M., In-t jekonomicheskih strategij, 2006. 431 s.

46 GEOGRAPHY

GEOGRAPHY. ENVIRONMENT. SUSTAINABILITY.

02 (09) 2016

Nikolai I. Koronkevich is Head of the Hydrology Department at
the Institute of Geography RAS, Professor (1997), and Dr. of
Sciences in geography (1988). His research interests are in the
fields of landscape hydrology, water resources, water objects,
water balance, anthropogenic changes of water resources,
hydroecology, and extreme hydrological situations. He is
Academician of the Academy of Water Economy Sciences, a
Member of the Scientific and Technical Council of the Committee
for Water Resources of the Russian Federation, Chairman of the
Hydrological Commission of the Moscow Center of the Russian
Geographical Society, and Associate Editor of magazines
“Proceedings of the Academy of Sciences. Geographical Series,” “Water resources,” and
“Problems of regional ecology.” He supervised 19 post-graduate students who successfully
defended their Ph.D. thesis. He delivered a number of lectures at the International UNESCO
Courses, at the Geography Department of Moscow State University, and other institutions.
He published over 500 scientific works, including monographs.

Irina P. Milyukova is Senior Scientific Researcher in the Hydrology
Department of the Institute of Geography RAS. She received her
Ph. D. in geography in 1983. She specializes in the development
and use of mathematical models for investigation of hydrological
processes in the soil-vegetation-atmosphere system, assessment
of impacts of inhomogeneity of intra-landscape hydrophysical
and soil characteristics on the formation of water balance
elements (runoff, evaporation, infiltration), creation of water
balance models with monthly resolution for the major river
basins in different physical and geographical conditions, and
forecast of changes of water balance elements under global
climate change. She is the author of over 60 scientific publications.

Elena A. Barabanova is Senior Scientific Researcher in the
Hydrology Department of the Institute of Geography RAS. She
received her PhD in 2001. Her main research interests are:
positive and negative influence of large reservoirs on the
environment and economy, ecological consequences of
hydraulic structures deterioration, and extreme hydrological
situations. She participated in research funded by the Russian
Foundation for Basic Research and Russian Ministry of Science
and Technologies. She is the author of over 70 scientific
publications, including monographs.

