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Abstract—The 1074 km long Aras River is located 
in the Aras River basin is in the North West of Iran. 
The impact of climate change in the Aras basin is 
investigated with respect to changes in the 
precipitation and temperature data. The data from 
climate stations (1981-2005) was used in a 
developed K-Nearest Neighbor (K-NN) Non-
parametric Regression Algorithm, to downscale 
the General Circulation Models (GCM),the 
CGCM3T63(Canadian Centre for Climate Modeling 
and Analysis) and HADCM3 (Hadley Centre 
Coupled Model of United Kingdom) models with 
the SR-A1B emission scenario. The future inflow 
to the dams will be related to changes in runoff, so 
the amounts of inflow to the dams are predicted by 
the Artificial Neural Network (A-NN) for 2011-2060 
in the whole watershed. The results selected are 
shown for three main climate stations: 
Bohlolabad, Ahar, Jafarlo, and their related dams: 
Aras, Satarkhan and Ghorichai in West Azerbaijan, 
East Azerbaijan and Ardebil respectively. The 
annual rainfall in the whole large scale Aras basin 
has raisen ~2.2% in CGCM3T63 and reduced ~18% 
in HADCM3 but the maximum temperature has 
increased ~0.21ºC and ~0.5ºC and the minimum of 
temperature has increased ~0.5ºC and ~0.58ºC in 
CGCM3T63 and HADCM3 for all the stations. The 
predicted inflow to the Aras water systems a result 
of climate change has decreased by ~1.4% and 
~5.4% in the A-NN model relative to CGCM3T63 
and HADCM3. 

Keywords—Climate change, K Nearest 
Neighbor, Artificial neural network, dam inflow 

 

Nomenclature 

A-NN   Artificial Neural Network 

CCCMA  Canadian Centre for Climate 

Modeling and Analysis 

CGCM3T63  Coupled Global Circulation 

Model 3T63 

 

 

FFNN   Feed Forward Neural Network 

HADCM3  Hadley Centre Coupled Model 

of United Kingdom 

GCM   Global Circulation Models 

K-NN   K-Nearest Neighbor 

 

1. Introduction 

Climate observations over the last century have shown that 

global mean annual surface temperatures have increased by 

approximately 0.4 to 0.8°C (IPCC, 2001, 2007, 2013). A 

further acceleration of these warming trends during this 

century is projected by all global circulation models 

(GCMs) (Kattsov et al., 2005) and has direct impacts on 

precipitation and evaporation (IPCC, 2007) by intensifying 

the global hydrological cycle (Brutsaert and Parlange, 

1998). The increasing concentration of greenhouse gases is 

an important reason for global warming from the last 

century with high confidence (Yang et al 2011). On the 

other hand, climate change and human activities can affect 

the hydrological cycle of river basins throughout the world 

(e.g. Changnon and Demissie, 1996; Bronstert et al., 2002; 

Legesse et al., 2003; Pfiste et al., 2004; Xu, 2005; Piao et 

al., 2007).In this regard, there are many studies that have 

investigated the impact of climate change on runoff such as, 

Aus der Beek et al. (2011),which have analyzed the effects 

on the Amu Darya and Syr Darya Rivers for the period from 

1958 to 2002. In Iran, downscaling for 37 climate stations, 

for 2010 to 2040 and 2070 to 2100 from the Canadian 

Global Coupled Model (CGCM) for scenarios A1B, B1, 

and A2, have shown that in general, wet regions of the 

country will receive more rainfall, but dry regions will 

receive less (Abbaspour et al.,2009). For downscaling of 
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climate data, several models have been developed for 

generating weather variables (Jones et al. 1972, Bond 1979, 

Nicks and Harp. 1980, Bruhn et al. 1980, Larsen and Pense. 

1981). These models are based on sound statistical 

principles; however, they lack general applicability and 

ease of use (Richardson and Wright. 1984). So the method 

of downscaling developed in this paper is very useful for 

large scale basins with more stations and parameters. 

Climate projections and their associated applications have 

become an important topic these days. Several researchers 

develop models to Simulate current climate and its future 

evolution under different greenhouse gas and aerosol 

scenarios (Buser et al 2009). Evaluation of the changes in 

river discharge in the Aras basin over the next 50 years by 

climate change is important because of the industrialization 

of cities, the inter-basin transportation to the Urmia Lake in 

the south and the growing population. Furthermore, the 

Urmia Lake which is the third largest saltwater lake on 

Earth and the largest lake in the Middle East, has already 

been suffering from drought. One of the options considered 

preventing drying Urmia Lake is transfer water from the 

Aras River. As a result, there will be some severe challenges 

in governance of the water use allocation. Similar kinds of 

studies have also been undertaken by Chattopadhyay and 

Jha (2014) for Haw river watershed in North Carolina 

(USA), Szépszó et al. (2014) for Rhine and Upper Danube 

rivers in Europe, Morán-Tejeda et al. (2014) for 27 

mountain rivers in Spain, Tekle and Tadele (2014) for Bilate 

Watershed in Ethiopia, and by Wu et al. (2014) for Heihe 

river basin in China, respectively. In 92 % of the case 

studies, impacts on river ecosystems were reported in 

response to modifications of certain flow parameters (Poff 

and Zimmermann ,2010) 

Precipitation and temperature are the main variables of 

input run off to the Aras water system. In this paper, the 

climate of the large scale Aras basin in Iran is studied with 

respect to changes in the precipitation and temperature data. 

The study is based on the data from climate stations in the 

Aras basin, and a developed K-Nearest Neighbor Non-

parametric Regression Algorithm is used to downscale the 

climate data based on the CGCM3T63(Canadian Centre for 

Climate Modeling and Analysis (CCCMA), Canada) and 

HADCM3(Hadley Centre Coupled Model of United 

Kingdom) models with the SR-A1B emission scenario. 

Another aim of this study is to simulate the river runoffs for 

the next 50 years from 2011-2060 for inflow of the Aras, 

Ghorichai and Sattarkhan dams by the Artificial Neural 

Network (ANN).  

 

2. Methodology 

The methodology of this study is included two important 

steps: 

1) Downscaling using developed K-Nearest Neighbor 

algorithm,  

2) Runoff forecasting by monthly Artificial Neural 

Network.  

 

For the first step the data of the two GCM models, 

CGCM3T63 and HADCM3, are downloaded from 

www.cccsn.ec.gc.ca and the developed K-NN algorithm 

used to downscale monthly climate data to the stations in 

the Aras basin. The stations were selected upstream of the 

main rivers that are an inflow to the Aras basin system, 

before all the dams. The second step is calculating the river 

run off to show the impact of climate change for the input 

flow to the dams. The simulation of the water resources 

system and the evaluation of the allocation to the all users 

due to climate change have been performed by the author 

and will be published in the following paper. 

 

2.1 Study area 

Aras River Basin is located in the North-West of Iran. The 

region covers 39534 km2. The latitudes of the area are 

between 38 to 40 degrees north. This basin is located 

through three provinces: Ardebil, East Azerbaijan and West 

Azerbaijan (Figure1 and Figure2). The Aras Basin is 

enclosed at the West and North side by the state borders of 

Iran with Turkey, Armenia and Azerbaijan. On the south 

and east, the Aras Basin is enclosed by the Urmia Lake 

Basin and the Balharoud River Basin. The entire population 

of the Aras Basin in the year 2000 was approximately 2.4 

million people. In this regard, with 63 persons per sq. km, 

the Aras River Basin is one of the most populated regions 

within Iran. Agricultural and industrial developments in this 
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basin were in recent years substantial. Ardabil, Julfa, Khoi, 

Marand and Pars-Abad are the main cities located within 

the basin. There are 11 dams operated and constructed for 

control the surface water for agricultural, domestic and 

industrial demands. 

 

 

 

Figure 1. The location of Aras basin in the map  

of Iran 

 

 

 

 

Figure 2. The Dams and Climate stations in the Aras 

basin 

 

2.2 Data Collection 

The geographical information and the mean observed 

climate data for the stations of the watershed for the 

baseline years between 1981and 2005 are presented in 

Table 1and Figure2.  

 

2.3 Downscaling using Developed K-Nearest Neighbor  

Downscaling models make use of a strong observed 

empirical relationship between one or several large-scale 

predictors and a variable of interest at a regional scale. The 

relationships between these scales can be determined by 

parametric and non-parametric methods (Goyal and Ojha, 

2012). Non-parametric methods can circumvent many 

problems associated with the parametric methods. The most 

promising non-parametric technique for generating weather 

data is the K-nearest neighbor (K-NN) resampling 

approach. Recently, application of these techniques for 

generating synthetic weather datahas gained interest. 

 

                   Table1. The information of the climate 

stations for each dam 

Dams 

Climate 

station  

name 

Elev

atio

n 

(m) 

Latitu

de  

(deg) 

Longi

tude 

(deg) 

mean 

precipi

tation 

(mm) 

mean 

tempe

rature 

 (°C) 

Aras 

Bohlolab

ad 900 39.14 44.59 249.9 12.31 

Badavali 

Halhalso

fla 

205

0 39.17 44.14 159.4 5.90 

Baroon Baroon 

174

0 39.11 44.29 373.5 7.90 

Fishel farm 

171

2 39.10 44.25 290.5 7.91 

Khodafar

in 

Khodafa

rin  320 

38.46

  

46.57

  315.1 15.10 

Arasbara

n Pirmasha 

 122

0 39.02 46.58 305.2 15.10 

Aghchai 

Ghorolso

fla 

127

0 38.52 44.54 288.9 10.96 

Hajilarch

ai Arzil 

135

0 38.34 46.12 364.7 8.10 

Emarat 

Moshira

n 680  

 38.4

3 

 47.3

1 220.3 13.59 

Satarkh

an Ahar 

135

0 38.28 47.03 177.5 10.98 

Sabalan 

Khalifel

o 

 130

0 38.42 48.07 272.3 13.59 

Ahleima

n Polsoltan 

145

0 38.24 47.40 282.3 11.17 

Yamchi Nir 

156

0 38.02 47.59 334.0 8.89 

Ghorich

ai Jafarlo 

168

0 37.55 48.21 281.4 8.89 

 

A lot of researchers such as Young (1994), Lall and Sharma 

(1996), Lall et al. (1996), Rajagopalan and Lall (1999), 

Buishand and Brandsma (2001), and Yates et al. (2003) 

Caspian Sea 

Persian Gulf 

 Climate stations selected to show the Dams selected to show the 
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describe applications of the K-NN resampling scheme for 

simulation of weather data (Sharif and Burn, 2007). The 

main drawback is that point values not seen in the historic 

record cannot be simulated. By fitting a local polynomial to 

the K-NN identified above (Lall and Sharma, 1996) and 

using the resulting regression fit to estimate the mean and 

the variance, new values can be simulated (Prairie et al., 

2006).An improved weather-generating model that allows 

nearest neighbor resampling with perturbation of the 

historic data is applied to generate weather data based upon 

plausible climate scenarios by Sharif and 

Burn,2006.Toavoid of problems with local polynomial 

degree estimation in Prairie model and contemporaneous 

generation of multiple variable, we use the K-NN 

forecasting model instead of the local polynomial. Also, 

residual strategic resampling (based strategic resampling by 

Yates et al. 2003) for a simulated hydrologic time series in 

line with climate changes was presented. This method is 

used in this study to generate precipitation and temperature 

data in the Aras basin based on climate scenarios. The 

flowchart of this method is presented in Figure3. 

 

Consider that the monthly historic vector consists of p  

variables. Suppose the number of stations considered in the 

model is q  and data are available for N years and gN is 

the number of years required for data generation. So, the 

main steps of this method are: 

 

1) Fitting K-NN non-parametric regression for time series 

forecasting 

k

K

ktn XkKY  


1, )(
                             

(1)
                                      

 

Where )(kK is the probability which kX is resampled and

tnY , is the forecasted vector of tnX , that

),...,,...,( ,,,,

1

,,1,

q

tnp

j

tnitntn xxxX  and 
j

tnix ,, represents the 

value of the i th variable for j th station in month t and year

n  (where 12,...,1t , and Nn ,...,1 ). 

2) Calculate the residual series 

tntntn YX ,,, 
                          

(2)
                                                                        

  

 3) Using strategic resampling from residual series by an 

index function (Yates et al., 2003) of the following form. 

1)]1([ ,

, 
j
tiSj

ti rNINTI                     (3)                                                                         

Where 
j

tiI ,  refers to the index of the year in the ranked list 

for month t and variable i at jth station, )1,0(r is a 

random number, 
j

ti
S

,
is a shape parameter and N is the 

number of years in the historical data set. 

 4) Using k nearest neighbor bootstrap to generate synthetic 

weather time series. 

kktn EXZ
g ,                                               (4)                                                                

 

 

Figure3. The flowchart of downscaling by developed K-

NN algorithm 

Using K-NN regression forecasting 

 

Creating residual series 

 

Strategic resampling 

 

Generating synthetic series  

 

& g =NgIf n

t=12 

En

d 

If n=N& 

t=12 

N

YES 

N YES 
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The performance of the K -NN model depends upon the 

proper setting of various parameters whose values must be 

determined before the evaluation of the model can be 

carried out. Two important model parameters in a K-NN 

based resampling approach are the width of the temporal 

window, w, and the number, K, of nearest neighbors and the 

shape parameter
j

ti
S

,
. Lall and Sharma (1996) suggested both 

an objective criteria based on generalized cross validation 

and a heuristic scheme to select a K, the number of nearest 

neighbors. They stated that the heuristic scheme does not 

appreciably change K, compared with the GCV. 

Rajagopalan and Lall (1999) and Yates et al (2003) 

recommended the use of a heuristic method for choosing K 

according to equation 5. Therefore we use a heuristic 

scheme to determine the number of K:  

Nk                                                    (5)                                                                       

For our case study the values of the shape parameter to 

reproduce the historical series without significant changes 

in statistics were found equal to 1 for temperature and 0.7 

for precipitation in the model calibration stage (Figure4).

 

Figure4.Result of the K-NN model calibration stage 

We generated 250 simulations in two tests from the 

proposed model, each of the same length as the historic. The 

values of the shape parameter to generate weather data are 

based upon plausible climate scenarios obtained from the 

calibration stage. To verify the K-NN results, the statistical 

attributes of the historic data and simulated data are 

compared by using box plots. Box plots (precipitation, Tmax, 

Tmin) are a preferred method of data analysis as they show 

the range of variation in the statistics of simulations and 

provide a straightforward method of comparing the 

statistics of simulations with the historical data as shown in 

Figures 5, 6 and 7. 
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(Bohlolabad)                                        (Ahar) 

 

(Jafarlo) 

Figure5.Box Plot of precipitation in the Bohlolabad, Ahar and Jafarlo stations respectively 

 

(Bohlolabad)                                       (Ahar) 

 

(Jafarlo) 

Figure6.Box Plot of Maximum temperature in the Bohlolabad, Ahar and Jafarlo stations respectively 
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(Bohlolabad)                                       (Ahar) 

 

(Jafarlo) 

Figure 7.Box Plot of Minimum temperature in the Bohlolabad, Ahar and Jafarlo stations respectively 

 

2.4 Runoff forecasting by Artificial Neural Network  

Stream flows are at risk of changes due to climate change 

because ecological processes are strongly influenced by 

seasonal patterns of precipitation, runoff, and temperature 

(Carpenter et al. 1992; Allan 1995). Modeling stream 

hydrological response to climate variation can be performed 

with a variety of techniques. If detailed watershed and 

climate data are available for parameterization, one can use 

mass balance models, such as hydrological budget models 

(e.g. Gleick 1987). However, for many stream systems, 

detailed watershed data are lacking, making the mechanistic 

modeling of hydrological response to climate difficult. 

Furthermore, traditional empirical models (e.g. regression 

models) may not perform well due to structural constraints 

(e.g. linearity) and paucity of data. Neural network analysis 

is a recently developed modeling technique that may be 

useful in simulating hydrological response to climate 

change in basins with limited data. Forecasting monthly 

stream flow, the Feed Forward Neural Network (FFNN), is 

used in this study. The formulation of this method is 

illustrated in equation 6.  









  

  



S

i

D

d

R

j

idtjit bbPwFwGQ
dji

1

2

0 1

1

,

12 )(
,,  

(6)
          

 

                                                       
  

Where 
tQ is the output of the network, R is the number of 

input variables, S is the number of neurons in the hidden 

layers, D number of delays, dtjP , is the jth variable at t-d,

th input from jare the weights between of the 
2

iw and 
1

,, dji
w

delay d and ith neuron at the hidden layer and between i th 

neuron at the hidden layer and output layer neuron 

respectively, 
1

ib and
2b are the biases of ith neuron at the 

hidden layer and output layer neuron respectively; G and F 

are the activation functions for the hidden layer and output 

layer respectively. 

 

2.4.1 Model development 

In this study, the structure of evaluated models and the 

number of neurons in the hidden layer and also the weights 

that are used for training, validation and testing have been 

optimized by programming in a MATLAB environment. As 

shown in Table 2,predictors for the runoff prediction are: 
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precipitation (P), maximum temperature (Tmax) and 

minimum temperature (Tmin).Moreover, the total monthly 

observation was divided into training, validation and test 

sets and different percentages were used for them, including 

(60%,20%,20%),(70%,15%,15%), (80%,10%,10%) 

respectively. Also the number of neurons in the hidden layer 

is calculated in this program within one to ten neurons. The 

process of training is based on the error-correction learning 

rule of Levenberg Marquardt. 

 

Table2.  The parameters of the Artificial Neural 

Network 

Number 

of input 

1 Input: precipitation 

2 
Input: precipitation, Max 

Temperature, Minimum Temperature 

lag 
0 0 Without any Lag 

1 0 With one Lag 

Dividing 

1 Train=60%,validation=20%,test=20% 

2 Train=70%,validation=15%,test=15% 

3 Train=80%,validation=10%,test=10% 

 

3. Results and discussion 

The data from 14 weather stations from whole Aras river 

basin was gathered from 1981-2005 and the parameters of 

monthly precipitation, minimum temperature and 

maximum temperature were used as an input data. The K-

Nearest Neighbor (K-NN) algorithm was used as weather 

generator to generate synthetic data in climate downscaling 

for CGCM3T63 and HADCM3 models. The output of the 

K-NN has shown the precipitation (mm) and temperature 

(°C) changes for 2011-2060with respect to the observed 

data, and emission scenarioA1B that indicates a future of 

balanced socioeconomic and environmentally based 

development. 

 

3.1 Changes in the precipitation and temperature  

To evaluate the effects of A1B emission scenario for 

HADCM3 and CGCM3T63 models, the mean monthly 

precipitation and temperature is compared by using the K-

NN model. The predictions are calculated for the period 

from 2011 to 2060 for all the stations and the results are 

shown in Table 3 to Table 5 and Figure7 to Figure12 for the 

Bohlolabad, Ahar and Jafarlo stations in West Azerbaijan, 

East Azerbaijan and Ardebil respectively. The highest 

reduction of precipitation is in the warm season of the 

Bohlolabad station, -21.7% by HADCM3 and the highest 

increase of temperature is in the cool season of Bohlolabad 

station +1.7(oC) by HADCM3 . The CGCM3T63 predicted 

the increase of precipitation in the warm season of the Aras 

station and the HADCM3 shows the reduction of rainfall in 

three stations. 

Table3. Changes in precipitation and temperature in the Bohlolabad station. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Cool season defined as October through March, While Warm season is defined as April through September 

2011-2060 
CGCM3T63 

(A1B) 

HADCM3 

(A1B) 

%Change in Annual 

Precipitation 
1.80% -18.80% 

%Change in cool season 

Precipitation 
6.30% -1.12% 

%Change in warm season 

Precipitation 
-21.70% -14.40% 

2011-2060 
CGCM3T63 

(A1B) 

HADCM3 

(A1B) 

Change in 

AnnualTemperature(oC) 
+0.44 +1.08 

Change in cool season 

Temperature(oC)   
+0.44 +1.71 

Change in warm season 

Temperature(oC)   
+0.43 +0.43 
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Table 4. Changes in precipitation and temperature in the Ahar station. 

2011-2060 
CGCM3T63 

(A1B) 

HADCM3 

(A1B) 

 
2011-2060 

CGCM3T63 

(A1B) 

HADCM3 

(A1B)  

%Change in Annual 

Precipitation 
8.90% -19.50% 

 
Change in 

AnnualTemperature(oC) 
+0.44 +0.92  

 

%Change in cool 

season Precipitation 
6.30% -19.6 

 
Change in cool season 

Temperature(oC) 
+0.3 +1.03  

 

%Change in warm 

season Precipitation 
11.54% -19.40% 

 
Change in warm season 

Temperature(oC) 
+0.58 +0.81  

 

Note: Cool season defined as October through March, while warm season is defined as April through September 

Table 5. Changes in precipitation and temperature in the Jafarlo station. 

2011-2060 
CGCM3T63 

(A1B) 

HADCM3 

(A1B) 

 
2011-2060 

CGCM3T63 

(A1B) 

HADCM3 

(A1B)  

%Change in 

Annual 

Precipitation 

9.30% -10.50% 

 Change in 

Annual 

Temperature(oC) 

+0.82 +0.87  

 

%Change in 

cool season 

Precipitation 

13.00% -0.08% 

 Change in cool 

season 

Temperature(oC) 

+1 +1.4  

 

%Change in 

warm season 

Precipitation 

5.90% -12.63% 

 Change in warm 

season 

Temperature(oC) 

+0.6 +0.3  

 

Note: Cool season defined as October through March, while warm season is defined as April through September 
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Figure7.Mean monthly precipitation of CGCM3T63 and HADCM3 for 2011-2060with respect to the baseline for the 

Bohlolabad station (in the WestAz.) 
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Figure8.Mean monthly precipitation of CGCM3T63 and HADCM3 for 2011-2060 with respect to the baseline for the 

Ahar station (in the EastAz.) 
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Figure 9.Mean monthly precipitation of CGCM3T63 and HADCM3 for 2011-2060 with respect to the baseline for the 

Jafarlo station(in the Ardebil) 
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Figure10.Mean monthly temperature of CGCM3T63 and HADCM3 for 2011-2060 with respect to the baseline for the 

Bohlolabad station (in the WestAz.) 
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Figure 11.Mean monthly temperature of CGCM3T63 and HADCM3 for2011-2060 withrespect to the baseline for the 

Ahar station (in the EastAz.) 
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Figure 12.Mean monthly temperature of CGCM3T63 and HADCM3 for 2011-2060 with respect to the baseline for the 

Jafarlo station (in the Ardebil) 

 

The changes for the precipitation and temperature of all 14 stations are shown in Figures13 and 14 using the GCM model of 

HADCM3 and CGCM3T63 and emission scenario A1B. 

 

 (CGCM3T63)                                              (HADCM3) 

 

(Observed) 

Figure13.Projected changes in the precipitation (mm) with the Observed (1981-2005),HADCM3 and CGCM3T63 and 

emission scenario A1B in the period from 2011 to 2060. 
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                 (CGCM3T63)                                                                 

(HADCM3)       

                                               

                                                                     (Observed) 

Figure 14.Projected changes in the temperature (°C) 

with the Observed (1981-2005), HADCM3 and 

CGCM3T63 and emission scenario A1B in the period 

from 2011 to 2060. 

 

3.2 Changes in the Runoff 

There are 17 stream flows as an input to the Aras watershed 

system, that are simulated by Artificial Neural Networks 

(section2.4) to show the impacts of climate change to the 

river inflow to the dams in 2011-2060. Three main dams; 

the Aras Dam on the upstream of the Aras River in the West 

Azerbaijan, the Satarkhan Dam on the Ahar River in the 

East Azerbaijan and the Ghorichai Dam on the Ghorichai 

River in the Ardebil province, are selected to show the 

results.  

3.2.1 The impact of climate change on the inflow of the 

Aras Dam 

The most important river in the Aras watershed is the Aras 

River. The river has length of 1072 km in its upstream 

(Figure15). The hydrometric data of the Aras station were 

used with the A-NN model and the characteristic of the best 

network in each month is presented in Table6. The 

estimated hydrographs are shown in Figure16. It's clear that 

the peaks of the predicted hydrographs are a shifted slightly 

to the left resulting in an increase of temperature which 

causes the snow to melt earlier in April. The runoff will be 

decreased in the next 50 years and the inflow to the Aras 

dam will also be reduced. The amount of reduction in runoff 

is about 0.8% by CGCM3T63 and 3% by HADCM3. 
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Figure 15.Position of Aras watershed in the West Azerbaijan 

 

Table6. The characteristic of the best network in each month for the Aras station 

Month Number of input Number of neuron lag 
RMSE R2 

Dividing 
Train Valid test Train Valid test 

1 2 10 0 1 0.03 0.06 0.07 0.87 .87 .85 3 

2 2 8 0 1 0.42 0.13 0.23 0.6 .78 .72 3 

3 2 8 0 1 0.22 0.32 0.32 0.72 .68 .71 3 

4 2 8 0 1 0.11 0.14 0.20 0.73 .71 .80 3 

5 2 6 0 0 0.03 0.05 0.01 0.85 .88 .77 3 

6 2 10 0 0 0.02 0.07 0.05 0.93 .84 .82 3 

7 2 10 0 0 0.18 0.26 0.16 0.85 .86 .81 3 

8 2 1 0 0 0.16 0.13 0.12 0.78 .74 .71 3 

9 2 2 0 1 0.78 0.12 0.26 0.71 .75 .73 3 

10 2 9 0 1 0.26 0.10 0.21 0.86 .83 .72 3 

11 2 4 0 1 0.02 0.05 0.05 0.95 .88 .77 3 

12 2 7 0 0 0.01 .04 .02 0.91 .86 .76 3 

 

 

Figure16. Impacts of the climate change on the 

hydrograph of the Aras River at Aras station. 

 

Figure17.Monthly river runoff in base period and 

future in Aras station 

3.2.2 The impact of climate change in the inflow of the 

Satarkhan Dam 

The Satarkhan Dam is located on the 240km long Ahar river 

(Figure18). It is in the south of East Azerbaijan and the 
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hydrometric data of the Ahar station was used to predict the 

inflow of the Satarkhan dam based on climate change. The 

predicted hydrographs are plotted in Figure19.The peaks of 

the hydrographs are reduced in both HADCM3 and 

CGCM3T63 models. The reduction of inflow to the 

Satarkhan Dam is 0.7% in the CGCM3T63 and 1.1% in the 

HADCM3.The monthly river runoff for the observed data 

and simulated data for the future is shown in Figure20. 

Figure18.Position of Aharchai watershed in East 

Azerbaijan

Figure19.Impacts of the climate change on the 

hydrograph of the Ahar River at Satarkhan station. 

 

Figure20.The monthly river runoff in base period and 

future in Ahar station 

 

3.2.2 The impact of climate change in the inflow of the 

Ghorichai Dam  

The Ghorichai Dam is constructed on the river located in 

the Ardebil province (Figure21). The domestic water for the 

city of Ardebil is supplied by this dam. The inflow to the 

dam is predicted by the A-NN model and the hydrograph is 

shown in Figure22.The monthly river runoff for the 

observed data and simulated data for the future is shown in 

Figure23.The inflow to the dam is 29.5MCM and it 

increased to 30.0MCM in the CGCM3T63 and decreased to 

29.2MCM in HADCM3.Therefore, the percentage of 

increment is 1.7% and the reduction is 1.02%, showing that 

the peaks of the hydrograph will be reduced in the future. 

 

Figure21.Position of Ghorichai watershed in Ardebil 

 

Figure22. Impacts of the climate change on the 

hydrograph of the Ghorichai River at Ghorichai 

station. 
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Figure23.The monthly river runoff in base period and 

future in Ghorichai station 

The result of this study shows that the discharge of rivers in 

the Aras basin will decrease in the next 50 years, and the 

most important aspect is the reduction of the peak of 

monthly discharge hydrographs that other researchers like 

Zarezade Mehrizi et al.(2012), Heydari (2011), Massah et 

al. (2006), Huang et Al.(2013), Zarghami et al.(2011) are 

also in agreement with. The discharge of some rivers in the 

Aras basin will slightly increase for a few months of the 

year, which is consistent with the research of Abbaspour et 

al.,(2009) and Ashofte et al.(2013) in the north west of Iran. 

 

4. Conclusion 

The main aim of this paper is to downscale the GCM models 

for all of the 14 stations of the Aras large scale basin through 

use of the developed K Nearest Neighbor method for the 

three parameters: precipitation, max temperature and 

minimum temperature simultaneously. Calibration and 

verification of this model shows that the results are in good 

agreement. However, in the future the Aras watershed will 

face more droughts as a result of less rain and high 

temperatures due to climate change predictions. The mean 

total observed annual precipitation in all stations is 

~23.8mm and this value, after downscaling by K-NN, is 

~24.3mm by CGCM3T63 and ~19.5 by HADCM3.This 

concludes that the HADCM3 predicts more crisis situations 

in future than CGCM3T63. The mean observed annual 

discharge of 17 hydro stations that are an inflow of the Aras 

basin water system is 14.57m3/s, which will be decreased to 

~14.37 m3/s by CGCM3T63 and ~13.78 m3/s by HADCM3 

in the future. The simulation of this water system due to the 

changes of the river discharge by the effects of climate 

change and develop a decision support system to calculate 

sustainability indices based on d-p-s-i-r framework by 

visual basic have been performed by the author and will be 

published in next paper. 
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