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Abstract 

 There is consensus that climate change will cause the sea level to raise, increased frequency of extreme climatic events 

including intense storms, heavy rainfall events and droughts. Climate change is likely to affect nearly every aspect of 

human well-being, from agricultural productivity and energy use to flood control, municipal and industrial water supply 

to wildlife management, since the region is characterized by highly spatial and temporally variable rainfall and scarce 

water resources. It has theoretical and realistic meanings to study the climate change's impacts on hydrology and water 

resources, so as to understand and solve some problems in hydrology and water resources, such as plan management, 

operation management, environmental protection, ecological balance and so on. This paper reviews the relationship 

between climate change and water resources, water circulating response of climate change. And then summarizes some 

study methods of analyzing the impacts of climate change on hydrology and water resources.  
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1. INTRODUCTION  

 

Climate change refers to changes in climate behavior of a region over a long time horizon using 

observed or recorded information is expected. The effects of climate change is multi-scale, all-round, multi-

level, both positive and negative effects. Climate change not only affects the hydrological, biological and 

ecological system, but also affects the economy, life, so the future climate changes effect the sustainable 

development of regional, national, and even the world are the most important [1]. 

The potential effects of climate change on water supply and quality will affect every sector of the 

economy, through impacts on health, agriculture, industry, transport, energy supply, non-market ecosystem 

services, fisheries, forestry, and recreation. Climate change may affect both the long-term availability and the 

short-term variability of water resources in many regions. Potential regional impacts of climate change could 

include increased frequency and magnitude of droughts and floods, and long-term changes in mean 

renewable water supplies through changes in precipitation, temperature, humidity, and wind intensity, 

duration of accumulated snowpack, nature and extent of vegetation, soil moisture, and runoff [2]. Behavioral 

changes associated with climate change, such as changes in demand for heating and cooling, will also impact 

water use. While annual global per capita runoff will probably increase in a warming climate, increases 

(mostly in East and Southeast Asia) are expected to occur mostly in high-flow seasons, increasing the need 

for water capture and storage as well as the risk of flooding [3]. Changes in seasonal runoff regimes and 

internal runoff variability may have greater economic impact than changes in long-term average runoff. 

The impact of climate change and climate variability on several hydrologic regimes throughout the 

world and on water resources management is discussed in several work published till date [4]. Main 

conclusions, however inconclusive they are at times, derived from these works indicate that predicted 

changes will influence the hydrologic cycle in one form or the other. General consensus from these studies is 

that feedback mechanisms within climate are not properly understood to make accurate predictions of 

impacts of climate change on hydrologic regimes. Predictions discussed in the intergovernmental panel on 

climate change [5] reports indicate that earth may experience a rise of 1-3.5 ˚C in global surface temperature 

and changes in spatial and temporal patterns of precipitation [6]. Potential impacts of climate change on 

runoff mechanisms are also documented in several works that suggest future climate change will involve 
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greater extremes of weather, including more high intensity rainfall events or decreased stream flow 

conditions [7]. 

The numerous studies on climate change and its related factors have been done. Previous studies of 

climate change impacts on agriculture, using crop yield simulation models such as CERES-maize, CORAC, 

and EPIC models [8,9,10,11,12,13], or statistical models [14,15,16] suggest that climate change might limit 

crop production (the amount of a crop that is harvested in a farm, region, state, or country in kilograms or 

tons) in many areas. Temperature increases affect most plants, leading to crop yield reduction and complex 

growth responses. Nevertheless, the impact of increasing temperatures can vary widely between crops and 

regions. For example, a 1 °C increase in the growing period temperature may reduce wheat production by 

about 3–10% [17]; winter wheat productions may be decreased by 5–35%, respectively, under the future 

warmer and drier conditions [18]; and corn yield may be reduced by 2.4–45.6% with higher temperatures 

[19]. Even if precipitation is unchanged, the crop production may decrease by 15% on average due to the 

reduction in crop growth period and increased water stress as the result of higher temperature and 

evapotranspiration [20]. Expected precipitation reductions in arid and semi-arid regions of the world, where 

water is already limited, can have dramatic impacts on crop production. For example, in northwestern 

Turkey, winter wheat yield may decline more than 20% under future climate change because the growth 

periods can be shortened as a result of increased temperature, exacerbated by a reduction in precipitation 

[18]. In some other areas, climate change might have positive impacts on agricultural crop yield. For 

example, in dry regions precipitation increases under wet climate warming may lead to improved crop 

production. Chaves et al. (2009) report that corn; rice, potato, and winter wheat crop production can increase 

with increasing temperature and precipitation in the North China Plain. A level of uncertainty and distrust 

associated with the conclusions related to climate change from many of these works prevail among practicing 

hydrologists and water resources managers. Substantial uncertainty remains in trends of hydrological 

variables because of large regional differences, gaps in spatial coverage and temporal limitations of data [21]. 

Stainforth et al. (2007) discussed uncertainty in the models, model forcing, and initial conditions [22]. 

Studies by Murphy et al. (2004), Tebaldi and Knutti (2007) and Dettinger (2005) have attempted to derive 

future climate probability distributions from climate projections to characterize uncertainty associated with 

climate change information [23, 24, 25]. Increasing amount of literature and studies related to climate change 

is getting slow attention and there is cautious reluctance in accepting the possible climate change scenarios. 

Many earlier studies focusing on impacts of climate change (e.g. Bogardi, 2002) discusses criteria for 

understanding risk, reliability and robustness of water resource systems considering future climate change 

scenarios, and fall short of discussing the consequences of preferences or beliefs of resource managers 

attached to climate change that influence water resources management [26]. Leiserowitz (2006) indicates that 

risk perceptions associated to climate change are strongly influenced by experiential factors, including affect, 

imagery, and values, and demonstrate responses to climate change are influenced by both psychological and 

sociocultural factors. While the water resources management agencies and decision makers acknowledge the 

limitations of the climate change models, their perceptions towards the accuracy of results from these models 

are generally translated to preferences to predicted future changes to the main hydrological inputs. To address 

hydrological uncertainties associated with stochastic hydrological inputs a general-purpose scenario-

modeling framework to solve water system optimization problems was presented recently by Pallottino et al. 

(2005) [27] 

. The main objective of this study is to discuss issues related to the influence of climate change on 

water resources management and also on the basis of the predecessor comprehensive research in the 

relationship between water resources and climate change, exploring water resources, climate change and its 

related mechanism, in order to provide many response for further research to climate change. 

 

 

2. THE RELATIONSHIP BETWEEN CLIMATE CHANGE AND WATER RESOURCES 

 
The water resources and the hydrologic cycle is a very important link of climate change. The effect of 

climate change on water resources is because of the water and water quality changes that caused by climate 

factors (mainly includes rainfall and temperature changes).And it is achieved by the changes of the various 

water cycle links. Climate change will change the world of the present situation of the hydrologic cycle, and 

cause the redistribution of water resources in time and space. It also will have a direct effect on the 

evaporation, runoff, and the soil humidity and so on. The redistribution and changes of water resources in 
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space will cause the human society and ecology change a lot. At the same time, the water resources system 

changes will affect the local climate, and will exacerbate climate change in a certain extent. 

 

 
Fig 1: Cycle diagram of climate change affects 

 

 

 

The impacts of climate change on water resources have developed many researches on internal and external. 

On external, people started to research the impact of climate change on water resources from the 1980s. In 

1985, the World Meteorological Organization (WMO) published the review about the impact of climate 

change on water resources [28]. After that, the WMO put forward some test and evaluation method and 

published the sensitivity analysis report that impact of climate change on hydrology and water resources 

[27].In 1987, the WMO summarized the sensitivity problems in the water resources system for the future and 

modern climate change (WMO, 1987). In order to speed up the research, the World Meteorological 

Organization (WMO) and the United Nations Environment Programmed (UNEP) jointly set up the 

Intergovernmental Panel on Climate Change (IPCC) in 1988.The IPCC is specialized in evaluation of climate 

change, and it have completed four assessment report in 1990, 1995, 2001 and 2007. The report has become 

the main scientific basis which international society to know and understand the problem of climate change. 

 

 

 

3. THE RESEARCH METHODS OF THE IMPACT OF CLIMATE CHANGE ON WATER RESOURCES 

 
The research of the impact of climate change on hydrology and water resources system is mainly through the 

basin temperature, precipitation and evaporation change caused by climate change such as to predict the trend 

may increase or decrease the runoff and its watershed water supply influence. Using the ―what-if-then‖ 

pattern (IPCC, 1995), which assume that a change climate scenarios as the hydrologic model input to find out 

each component in the water cycle in the change of scene. The pattern often include the following 4 steps:(1) 

Define climate change scenarios;(2) Establish, verification of hydrologic model;(3) Make the climate change) 

hydrologic model of the scene as input and simulate the change process of internal water circulation; (4) 

Using the simulation results of the hydrologic model to evaluate the climate change on the influence of 

hydrology and water resources. Using the what-if-then model to find climate change on the influence of 

hydrology and water resources in river basin, climate change scene generation technology and hydrological 

model is the key to impact assessment. 

 

3.1. THE GENERATION TECHNOLOGY OF CLIMATE CHANGE SCENE 
Because of the complexity and uncertainty regional climate change, the climatologist can hardly accurately 

predict the future regional climate change. So in climate change research, a scholar uses the word ―scenario‖ 
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to describe the future climate change state. The ―scenario‖ refers to predict or expectations the outline or 

pattern of a series of events, which describe the choose scene that what would the future like and is a kind of 

suitable tools that analysis of various factors driving how to affect future emissions and assessment of the 

related results of the uncertainty. At present the main application of the scene generation methods are any 

scenes setting method, time series analysis method and GCM climate scene output method based on the 

global climate model [29]. 

 

(1) Any scene setting method  

Any scene setting method is according to the future climate change’s possible scope to give any climate 

elements variation value like temperature, precipitation, etc. The characteristics of this method is easy to 

design and application and can describe the effects of climate change corresponding curve determine the key 

factor of climatic effect.  

 

(2) Time series analysis method  

Time series analysis methods is through the analysis of hydrological elements of the long history of climate 

data like temperature and precipitation, runoff series in statistical, and project the future climate scenarios.  

 

(3) GCM climate scene output method based on the global climate model  

This method is using the simulation results of the GCM to generate future climate change scenarios. It is the 

most commonly used methods in exploring climate change influence on hydrology and water resources. The 

frequently-used GCMS including the United States Koda space research institute mode, the UK met office's 

mode, the United States Oregon state university mode, and American geophysical fluid dynamics 

experimental mode, the Colorado State University mode, etc [30]. In future along with the deeper 

understanding of various process in climate system, the improvement of climate elements observation 

technology, the accumulation of observation data and the more rational process parameters of GCM, we can 

witness the GCM provide more accurate information about the future climate change.   

 

3.2. HYDROLOGICAL SIMULATION TECHNOLOGY 
Climate change will cause global rainfall and temperature changes of time and space distribution, 

accordingly, the river basin runoff will also change. Hydrological simulation technology is the main tool to 

solve the hydrological variables information under climate scenarios basin. After more than half a century of 

development, there are many types of hydrologic models. At present, the hydrological model use for 

estimating regional hydrology and water resources of the response to climate change has three main 

categories as following:  

 

3.2.1 Experience statistical model  

This kind of model is according to the precipitation, runoff and temperature observation data of same period 

to establish the relationship among them to derive the precipitation and the temperature changes of runoff 

trend. This method applies only to having a long series of material in the region, and to the material short 

areas is more difficult. Since the future temperature and rainfall over the past history of climate is difficult to 

completely repeated, this kind of method which based on the past the temperature, precipitation, runoff 

relations appear to predict the future is with great limitations. The representative of this method is the work 

that has been done by Langbein [30]. At present the method has been basic rarely used. 

 

 3.2.2 Conceptual hydrological model  

Conceptual hydrological model use the foundation of physical concept hydrological phenomena to perform 

Simulation. It's not entirely true simulation physical entity but generalized the physical phenomena. Use 

conceptual hydrological model can study climate, the causal relationship between runoff, and the river water 

resources to the response of the different climatic conditions.  

 

3.2.3 Distributed hydrologic model  

Distributed hydrologic model is through the water cycle and the dynamics of the mechanism to describe and 

simulation of hydrologic processes the mathematical model. This model determines the parameters for the 

model according to the physical properties of moving water medium to analysis of the change of the 

underlying surface runoff after change rule. According to the different of river terrain like soil, vegetation, 
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land use and precipitation in everywhere, river basin is divided into several hydrological simulation units, 

and each unit with a set of parameters reflect the characteristics of the part of the basin [31]. 

Compared with the conceptual model, Distributed hydrologic model with definite physical meaning of the 

parameters of the structure and the space of the opposite sex points reflect overall can more accurately a 

detailed description of the basin and reflect the real hydrological process. 

 

 

4. CONCLUSIONS 
 

Climate change scene generation technology changed from simple analysis and transplantation historical 

data to consider the development of greenhouse gas emissions GCM simulation. Also the hydrological 

simulation technology has changed from simple statistical model development to consider the atmosphere-

vegetation-the exchange of soil distributed hydrological model. But because of the people do not have 

enough understanding to the atmosphere and the mechanism of the hydrologic cycle and the intrinsic link 

between them, the current study there are the following several insufficient:  

 

(1) There is a large uncertainty of climate model prediction. This kind of uncertainty mainly comes from the 

uncertainty of emissions scene, GSM and scale degradation technique and the physical process parameter, 

etc.  

 

(2) The present study mainly focused on the reflects of the climate change on runoff process average change, 

while the research of climate change to the extreme events of the hydrological response and to effect of 

water quality is rarely.  

 

(3)In both precipitation and runoff process of land surface hydrology there are strong time uniformity grid, 

while most of GCM assume that model of mesh vegetation and soil in horizontal plane is uniform which 

makes the simulation accuracy is not high.  

 

(4) GSM and hydrological model coupling mostly are one-way connection response. This kind of one-way 

connection coupling lacks of whole, physical unanimously description of the hydrologic cycle.  

Running alone of climate model and hydrological model can hardly feeds back the change of the land surface 

hydrologic cycle which was caused by human activities and climate change to climate model? Therefore, the 

research of climate change on the influence of hydrology and water resources will tend to higher resolution 

of regional development space and time climate scenarios; perfect distributed hydrologic model and improve 

the accuracy of hydrological model in climate change conditions of land surface parameters; development 

models of the climate and surface hydrological model of land between two-way coupling techniques. 

Strengthen the research of extreme hydrological events, water quality and water environment and water 

resources system vulnerability under climate change.  
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