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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. 
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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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