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A REVIEW OF WATER RESOURCE MANAGEMENTCONSIDERING 
CLIMATE CHANGE IMPACTSIN UZBEKISTAN

U. Uzbekov - MSc student, B. Pulatov - Dr., A.Yakubov - PhD candidate, B. Alikhanov- Researcher
EcoGIS centre, Tashkent Insititute of Irrigation and Agricultural Mechanization Engineers
A.Yakubov - PhD candidate, ESA group, Wageningen University and Research, the Netherlands

Abstract
Physically based, distributed hydrological models are increasingly used in assessment of water resources, best 

management practices, climate and land use change. An evaluation of hydrological models’ performance in both 
river basin and sub-basin is a vital research topic.  In this article, problems in water resource management and the 
impact of climate change on the formation of these problems have been studied and given. Furthermore, here 
promising solution over resolving the problems has been mentioned. Notably, literature review has been applied, to 
study different hydrological model studies conducted around the world. 

Key words: climate change, water resources management, hydrological models.

Introduction. The climate change is influencing the
globe and human life in term of human activities and 

needs [1], and generally influence refers to the impact 
on lives, livelihoods, health and well-being, ecosystem 
and species, social and cultural assets and infrastructure 
[2]. Due to ongoing climate changes, extreme events of 
heat waves, droughts, floods, cyclones and wildfires are 
occurring around the world. And these ones are bringing 
negative consequences[3] in term of loss in agricultural 
production, threats in food security, changes in water 
resource availability and increased demand over finite 
resources.

The Fifth Assessment Report (AR5) of the 
Intergovernmental Panel on Climate Change (IPCC) 
predicts an increase of 1.5 °C in global temperature 
during the 21st century [4]. However, the predicted 
increase by IPCC is a bit higher over Central Asia, 
which is expected likely to increase by 3.7°C[5]. Due 
to the increase in global temperature, the rate of 
evapotranspiration would go up and the consistency of 
the water cycle would be changed [6]. As a result, the 
unbalanced distribution of atmospheric moisture would 
occur, which elevates heavy precipitation in one region 
and severe drought in the other [7].

Moreover, climate change is a problem affecting 
Uzbekistan as other countries in the globe, and the 
Uzhydromet states that the country has already 
experienced a 1.6 °C increase in temperature in recent 
yearsthan in the past decades.  The increase of the 
temperature to 0.290С in a decade in all parts of the 
country since 1950 and diminishing glacial areas to 
0,2%-1% in a year were observed.  In addition, there is 
evidence that numbers of days with high air temperature 
are increased and change in precipitation is occurring 
[8], which would influence the water resource availability 
over the country in the coming near future. Notably, the 
country is highly dependent on water resources, hence 
the changes in water availability influence discernibly 
the country economy [9]. Since Uzbekistan is introduced 
as downstream water user in Central Asia [10] and it 
makes the country vulnerable to changes in water 
resource.

In fact,Uzbekistan is the primary consumer of water 
resources in Central Asia, with about 90 % of surface 
water use for agriculture [11]. The country`s main 
water sources are surface water, which is generated 
by annual precipitation (rain and snow), glaciers and 

water from upstream tributaries [12], and 85 % water 
resources are supplied from neighbouring countries[13]. 
In this case, rivers play an important role in transporting 
the surface water, especially the Amu Darya and the Syr 
Darya which could be influenced by climate change 
in the near future. According to White [14], Amu Darya 
river basin would experience an increase in summer 
temperature, up to 5 °C for periods of 2070-2099, 
which results in increased demand of water resources 
in agriculture, between 10.6 and 16%. Similarly, Sagit 
Ibatullin, Vladimir Yasinsky [15]shows that by 2030 the 
water resources in Amu Darya basin would decrease by 
5 to 8% as compared current level and the Syr Darya 
could experience 2-5% drop in water resources by 2050. 
However, Lioubimtseva and Henebry [16] state that by 
2030-2050 the temperature in the mountainous part of 
Uzbekistan will increase by 1.5-2.5°C, which results in a 
greater runoff in both Syr Darya and the Amu Darya 
due to melting mountain glacier, and precipitation will 
increase by 100-250 %.

Problem definition. Climate projection presents that 
in coming decades temperature and precipitation 
regimes will be changed [4], which mostly threaten water 
resources in all parts of the world, including in Uzbekistan. 
Consequently, most river basins suffer from water 
shortage and increased aridity [9]. In fact, changes in 
future climate hold uncertainty [17] which poses pressure 
for water managers and users. To cope with uncertainty, 
new efficient management strategies and measures are 
needed, and these require accurate estimation and 
modelling of water resources, hydrological parameters 
and future climate change [18].

In the case of Uzbekistan, the impact of climate 
change and its consequences would be massive than 
other Central Asian countries. Since Uzbekistan is a 
downstream water user [10] and main water sources are 
surface water which comes from upstream tributaries 
originated in neighbour countries [13]. Notably, river 
basins like Chirchik River Basin (CRB), is the appropriate 
geographical unit for transporting surface water, 
planning and managing the water resources [19]. 

Hydrological modelling as a promising solution.
Climate change and human activities are significantly 
influencing hydrological cycle [20], and hence, 
hydrological trends in past and future needs to be 
studied and analysed to understand past changes and 
to get an image of changes in the future hydrological 
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cycle [21]. Notably, different hydrological models have 
been developed all over the world, to identify the 
impact of climate, soil properties and human activities 
on hydrology and water resources.  Model is defined 
as a simplified representation of our world [22], and 
the best model can make a better simulation of a real-
life system. Models have certain characteristics, which 
require inputs such as rainfall, air temperature, soil 
characteristics, topography, vegetation, hydrogeology 
and other physical parameters [22; p-2]. By applying for 
hydrological modelling and, adaptive capacity of water 
resource management would increase. Below some 
modelling studies will be reviewed, in order to see how 
different hydrologic and climate models predicted the 
past and the future climate change and their impact on 
water resources.  

Hydrological modelling was undertaken in the 
Amazon River basin using the MGB-IPH model [21], which 
is physically based, determines all land hydrological 
processes. The results of the study illustrate that surface 
water contributed 58 % to terrestrial water storage, 
while the contribute is 27% and 8% from soil water and 
groundwater, respectively. A hydrological trend analysis 
was applied in the Yellow River basin using GBHM[ 20] 
model to simulate natural runoff, and the results show that 
outgoing discharge is decreased from1972 to 2005 due to 
artificial water consumption like human use. Christensen 
and Lettenmaier [23] reported that during 2070–2099 
there would 20 % water shortage over the Colorado River 
basin for both emission scenarios, A2 and B1.

The non-parametric Mann-Kendall rank was tested 
to see trends and changes in streamflow during 1961-
1997[24], and the results demonstrated that there was 42 
% decline in annual streamflow for the period of 1972 and 
1997, in comparison with the baseline period of 1961-1971. 
Narsimlu, Gosain [25] conducted hydrological research 
in Upper Sind River Basin and applied for Soil Water 
Assessment Tool (SWAT) under the IPCC A1B scenarios, 
to investigate the impact of future climate change on 
water resource in the river basin. The results depicted 
that average annual streamflow could go up by 16.4 
% during 2021-2050, however, it would rise by 93.5 % in 
2071-2098.Another remarkable research was on impact 
of global climate change on stream low flows, in which 
the SWAT mode l[7] was used in combination with RCP 
4.5 and 8.5 to assess the changes in water availability 
and the frequency of low flow elevated by climate 
change. Result derived from the research demonstrated 
that 7-day low flow in the water could go up by roughly 
19% during 21 century under RCP 4.5 and RCP 8.5, and 
increase in average monthly and annual flow was also 
predicted, especially in summer. 

The number of researches was undertaken in Uzbekistan, 
especially the Chirchik River basin (CRB), in which different 
aspects of water-related problems were studies. One such 
research is Usmanov [18], in which hydrologicalprocesses 
in the basin territory were studied. Certainly, estimation and 
modelling of water balance were done, by using MIKE SHE 
integrated hydrological model. 

In addition, various land use layers and hydrological 
cycles in the CRB were studied [26], to develop spatial data 
for the hydrological model by applying GIS technology  
in the CRB, in which HBV and HBV-GAMS models were 
used [27],  for modelling flow formation zone and flow 

Fig.1. SWAT model [7]

distribution zone respectively, to improve water allocation 
scheme at the basin scale in areas with intensive irrigation. 
Makhmudov [28] studied water balance in groundwater 
level of the CRB, by applying for model MIKE SHE and GIS. 
In the research, the focus lies on different factors, including 

Fig.2. MIKE SHE integrated model [28]

inflow water from tributaries, precipitation, evaporation 
and water use in the basin, but precipitation and runoff 
were the most influential factors.

Conclusion. The different hydrological and climate 
models have been applied to simulate hydrological 
regimes and changes in past and future climate in 
various river basins. Some models depicted that annual 
streamflow would increase throughout 21st century 
irrespective of emission scenarios as compared with 
the simulated historical flow, whereas some models 
showed decrease in stream flow, which could be due to 
changes in rainfall intensity. More importantly, increased 
precipitation and low flows will be beneficial for regions 
managed with both irrigation and rainfed system such as 
Uzbekistan. While CMIP5 data products are widely used for 
impact analysis of global climate change, the uncertainty 
associated with future climate predictions are inevitable. 
Projected climate change has the potential to impact the 
hydrological cycle in many regions across the globe and 
effect water resources. 

To address the impact of climate change in due course 
of time, evaluation of appropriate adaptation options is 
important for having increased adaptive capacity. Results 
of the studies above can be useful for developing climate 
change adaptation plans, and measures like soil and 
water conservation, agriculture, and planting drought 
tolerant crops for reducing the climate change impacts.
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Pen Point, Jenny Schlüpmann, David Wilgenbus,, IPCC Special Report “Global Warming of 1.5°C ” Summary
for Teachers. 2018.

2. CICERO and Tyndall Centre, Understanding the IPCC Special Report on 1.5°C. 2018.
3. Arnell, N.W., Climate change and global water resources. . Global environmental change, 9, S31-S49., 1999.
4. IPCC, Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on the impactsof

global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways,in
the context of strengthening the global response to the threat of climate change, sustainable development,and
efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P.R. Shukla,A.
Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I.
Gomis,E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.). 2018.

5. Solomon, S., et al., Climate change 2007-the physical science basis: Working group I contribution to the
fourth assessment report of the IPCC. Vol. 4. 2007: Cambridge university press.

6. Gosling, S.N. and N.W. Arnell, A global assessment of the impact of climate change on water scarcity.
Climatic Change, 2013. 134(3): p. 371-385.

7. Shrestha, S., et al., Impact of global climate change on stream low flows: A case study of the great Miami river
watershed, Ohio, USA. International Journal of Agricultural and Biological Engineering, 2019. 12(1): p. 84-95.

8. Agaltseva, N., Assessment of the river extreme runoff for climate scenarios conditions. Climate change
effects, adaptation issues. NIGMI Bull, 2008. 7: p. 5-9.

9. Sorg, A., et al., Coping with changing water resources: The case of the Syr Darya river basin in Central
Asia. Environmental Science & Policy, 2014. 43: p. 68-77.

10. Mamatova, Z., D. Ibrokhimov, and A. Dewulf, The Wicked Problem of Dam Governance in Central Asia:
 Current Trade-Offs, Future Challenges, Prospects for Cooperation. International Journal of Water Governance,
2016(4:15), 11–12. doi:10.7564/15-IJWG110. International Journal of Water Governance 2016.

11. Bank, W., Uzbekistan Overview of Climate Change Activities. 2013.
12. Rysbekov, Y., Analysis of water management organizations in Chirchik-Akhangaran river basin (Central Asia). 2019.
13. UNDP, Sustainable Management of Water Resources in rural areas in Uzbekistan:Technical capacity Building. 2016.
14. White, C.J., Tanton, T. W., & Rycroft, D. W., The impact of climate change on the water resources of the

Amu Darya basin in central Asia. . Water resources management, 28(15), 5267-5281., 2014.
15. Sagit Ibatullin, Vladimir Yasinsky, and A. Mironenkov, The Impact of Climate Changeon Water Resourcesin

Central Asia. 2009.
16. Lioubimtseva, E. and G.M. Henebry, Climate and environmental change in arid Central Asia: Impacts,

vulnerability, and adaptations. Journal of Arid Environments, 2009. 73(11): p. 963-977.
17. Chen, J., et al., Overall uncertainty study of the hydrological impacts of climate change for a Canadian

watershed. Water Resources Research, 2011. 47(12).
18. Usmanov, S., Construction of an Integrated Hydrological Model for SustainableWater Resources

Management in the Chirchik River Basin,Uzbekistan. 2017.
19. Holmatov, B. and J. Lautze, Thinking inside the basin: scale in transboundary water management.

Natural Resources Forum, 2016. 40(3): p. 127-138.
20. Cong, Z., et al., Hydrological trend analysis in the Yellow River basin using a distributed hydrological

model. Water Resources Research, 2009. 45(7).
21. de Paiva, R.C.D., et al., Large-scale hydrologic and hydrodynamic modeling of the Amazon River basin.

Water Resources Research, 2013. 49(3): p. 1226-1243.
22. Devia, G.K., B.P. Ganasri, and G.S. Dwarakish, A Review on Hydrological Models. Aquatic Procedia, 2015.

4: p. 1001-1007.
23. Christensen, N. and D.P. Lettenmaier, . A multimodel ensemble approach to assessment of climate

change impacts on the hydrology and water resources. 2006.
24. Li, L.-J., et al., Assessing the impact of climate variability and human activities on streamflow from the

Wuding River basin in China. Hydrological Processes, 2007. 21(25): p. 3485-3491.
25. Narsimlu, B., A.K. Gosain, and B.R. Chahar, Assessment of Future Climate Change Impacts on Water

Resources of Upper Sind River Basin, India Using SWAT Model. Water Resources Management, 2013.
27(10): p. 3647-3662.

26. Pachri, H., Mitani, Y., Ikemi, H., Djamaluddin, I. & Morita, A., Development of Water Management
Modeling by using GIS in Chirchik River Basin, Uzbekistan. Procedia Earth and Planetary Science, 2013. 6:
p. 169-176.

27. Gaiser, T., et al., Development of a regional model for integrated management of water resources at the
basin scale. Physics and Chemistry of the Earth, Parts A/B/C, 2008. 33(1-2): p. 175-182.

28. Makhmudov, K., Mitani, Y.,& Kusuda, T., Forecasting Groundwater Level in an Arid Area According to Climatic
Data. Journal of Water Resource and Protection, 2015. 07(07): p. 553-560.

№2(3).2019 Journal of “Sustainable Agriculture” 
42

ENVIRONMENTAL PROTECTION.WATER MANAGEMENT, HYDROLOGY



REQUIREMENTS ON REGISTRATION OF ARTICLES FOR PUBLICATION IN THE
JOURNAL “SUSTAINABLE AGRICULTURE”

• There are published original experimental scientific articles in the journal “Sustainable Agriculture”They are about the sustainability of agriculture during 
a period of significant decline in water situation and increase of water sources pollution in anthropogenic climate change in the short and long term. 

• There are not published articles that expound individual stages of research, which do not allow us to draw certain conclusions.
• All articles are published in English.
• All data must be accompanied by covering letter, which consists of 500 or fewer words, a summary of the significance of research, author’s consent 

to publication, a number of pictures and tables, support for manuscripts (articles) and additional information. In addition, it should be indicated the current 
telephone and fax numbers, postal address and e-mail address of the respective author to keep in touch. 

• For submitting documents (articles), you must send an electronic version to the editorial office, Brussels classification is necessary. The data should follow 
the recommendations “requirements for registration…”  The authors are fully liable for the originality of the article and its subjective and formal correctness.

• Articles are presented carefully edited, typed in Microsoft Word and Times New Roman Font (Eurotimes font will not be accepted). (*.doc or *.rtf 
files) in the font size of 12 Times New Roman with A4 sheet format, after 1.15 interval, the size of the text restrictions: the margins at the top and bottom are 
2.0 cm, on the left is 3.0 cm, on the right is 1.5 cm. Manuscripts of articles must be signed by authors and have a stamped reference from the institution 
where the work is done. It confirms that the materials are published for the first time. Moreover, all authors must submit a certificate ( from each scientific 
institution in which the research was carried out).

• Abstract (summary) is a brief overview of all work, including the scheme, objectives, methods, result, and conclusions from the article. It should 
describe all significant facts of a scientific article and basic numerical data, including any statistical evaluation.

• Abstract (summary) should not exceed 300 words (1-1.5 pages), it should be used as the standard nomenclature. There are not recommended to 
use any abbreviations in the title of the article or in the abstract. Keywords should be included.

• When you prepare articles containing experimental data, the following scheme should be adhered to literature review, research objective, 
methodology, results, and conclusions. A Capacity of experimental articles is 15 pages, including a list of references, pictures, photographs, and tables. 
The title of the article should be short and understandable.

• About the text:  the introduction should contain the main reasons for research, review and analysis of the appropriate literature on the subject of 
research and the proposed approach or solution.

• The title of the section should be accompanied by some text preceding any heading of the subsection. All headings and subheadings in the article 
should be on the same level. There should be short headings for each section and subsection. Section headings should be in bold, subsections - in italics.

• Data and methods. There all preliminary data, conducted experiments, their degree and conditions of carrying out should be described in detail in 
this section. All original procedures that were used for the processing of experimental material and all analytical methods used for the evaluation should 
also be detailed. The whole methodology should be described if it is original. In other cases, it is sufficient to show the author of the method and mention 
some special differences. You should also indicate the methods of statistical processing, including the used software.

• Results and discussion. The results obtained from the experiments, including their statistical evaluation and commentary, should be presented 
graphically or in tabular form, the author must comment on the results and compare them with data published at other places (other authors), results 
should be written in the past tense. Results and discussion can be combined or given in a separate section. Detailed interpretation of the data should be 
included in the discussion section, not in the results section.

It is necessary to clearly use capital (uppercase) and lowercase letters and also upper and lower indices in formulas, equations, dependencies, etc. 
This prevents errors.  Mathematical formulas are created as separate objects in the formula editor and placed on center. Formulas referenced in the text 
must have continuous numbering. The formula number is placed in parentheses near the edge of the right margin. The size of the symbols in the formulas 
is normal is 14 pt, large is 18 pt, small is 7 pt, small index is 5 pt. 

• References:  only published or accepted manuscripts (articles) should be included in the list of references. Do not refer to abstracts, conferences 
or documents that were submitted but have not accepted yet. References should be listed and numbered in the order in which they appear in the text. 
Also, they should be indicated by a reference number in square brackets, multiple references in one set of parentheses must be separated by commas, 
for example: [1,5,7,28]. The list of references must be at least 20 names. It should be indicated the surnames and initials of all authors separated by comma. 
After they follows the year of publication in parentheses, the title of the article, the full title of the journal, the volume and page numbers. The names of 
the author (s) and year of publication should be listed by including them in the text directly, for example: “… as published by Chertovitsky A.S. (2017) or 
indirectly with the reference on the name (names) and on the year of publication in brackets (Chertovitsky A.S. and Ramazanov A. 2017), (Mirsaidov M.M. 
and others 2016). Below you can observe the rules and examples of the design of the list of literature in English. The list of references at the first time serves 
for tracking the authors’ and journals’ quotations. A correct description of the used sources at the list of literature is a guarantee that quoted publication 
will be taken into account at the assessment of its authors’ scientific activities, and therefore organization, region, state. By quoting, the journal there is 
determined its scientific level, credibility, the effectiveness of its editorial council, etc.

The structure of the list of literature n English differs from that prescribed by the Russian GOST. A dash, as well as a symbol // are not used in the 
description in English.

• Tables and pictures should be presented separately to the text, on a separate page at the end of the article, including their names and used units. 
The units of physical quantities are given in accordance with the International SI system. The names of chemical compounds, taxonomic names are given 
in accordance with the international nomenclature. Enables should be made in MS Word format ( format. Doc), graphics in MS Excel files (data files, xls), 
photos in jpg / .tiff format (resolution is not less than 300 dpi), all graphics and photos must be numbered, according to the order in which they are included 
in the text, using Arabic numerals. If any abbreviations are used in the articles first time, they should be explained accordingly.

Each table and picture must have a legend. It means the name along with a description that the reader can find useful for understanding the 
content. The legends for the tables are placed at the top of the table, the legends for the pictures are at the bottom. The headings of the tables and 
pictures should be completely descriptive, hidden to the left and bold. For the legend of the table, the first letters in each main word are written with the 
capital letter, for the legend of the picture the capital letters are written only for the first letter of the first word together with own nouns and adjectives. For 
example Table 1. Total natural river runoff in the Aral Sea basin (average annual runoff, km3 per year is SIC ICWC estimate) from 2001 to 2016. Picture 1. 
Areas of irrigated land suspended from the South Fergana Channel. In the text, there are used a small letter for the words “table” and “figure” if they do 
not appear at the beginning of the sentence.

Tables should be numbered according to the order of the reference and refer to them in the text. The tables should not contain empty graphs, dashes 
or abbreviated words. The digest of the table is typed in Times New Roman font is 9 рt, the head of the table is 8.5 pt. The digital material in the tables is 
printed at double intervals, the text of the head and outset is with a single one.

• Footnotes for tables. There are used small English letter for attaching footnotes to certain elements of the table, footnotes are placed below the 
bottom line of the table in the form of a paragraph (without indents). For general explanatory notes, you must use the “Note” header.

The parameter “Note” can identify the use of an asterisk (for example, one asterisk (*) is in the Syrdarya region (1970) and a double asterisk (**) is for 
some notations according to CANIIRI (Central Asian Research Institute of Irrigation), from 1980 to 1983.

Color images, figures can be played only in color mode (with a black and white printed version). If during the presentation of the article the author 
knows that color on the Internet is the preferred method of publication, in this case, there must be presented two files with figures: the black and white 
version must be marked for printing, and the color version must be marked online in the picture name file.

• Through separate application, there must provide information about the full names of all manuscript’s authors, address (telephone, fax, and e-mail), 
the official name of the institution. The editorial staff reviews all received articles and the period of consideration of the article is 6 months.

• It is expected that the article is written in literate and well readable English. If it is necessary, authors should consult with the interpreter before sending 
an article. The article will not be checked in detail by the editorial board for the existence of linguistic mistakes. At the same time, the editors reserve the 
right to reject the article if there is a great number of linguistic mistakes.

• Each article that comes to the editorial office of the journal is sent for consideration to experts of the appropriate profile. As a rule, two experts are 
appointed for each article. The experts report their conclusions and assessments to the editor-in-chief of the journal, besides that, at least two conclusions 
must come to every article. Remarks and suggestions of experts are brought to the attention of the article author, after that he makes all necessary 
changes.

• A copy of the journal with the published article is not sent to the authors and this journal is distributed only by subscription, the fee is not paid.
Editorial address: 100000, Tashkent, Kary-Niyazov Street, 39. Tashkent Institute of Irrigation and Agricultural Mechanization Engineers, building “B”,         

the 230 th room, telephone number is (998 71) 237-19-78. E-mail: admin@tiiame.uz, tohir-zs@mail.ru.

№2(3).2019 Journal of “Sustainable Agriculture” 

Journal "Sustainable Agriculture"

47




