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ABSTRACT Precipitation data is of utmost importance to carry out many hydro-meteorological 

studies. Observed warming over several decades has been linked to changes in the large-scale 

hydrological cycle such as: increasing atmospheric water vapour content, changing precipitation 

patterns, intensity and extremes, reduced snow cover and widespread melting of ice, and changes 

in soil moisture and runoff. Precipitation changes show substantial spatial and inter-decadal 

variability. General Circulation Models (GCMs), representing physical processes in the 

atmosphere, ocean, cryosphere and land surface, are the most advanced tools currently available 

for simulating the response of the global climate system. Recent interest in global warming has 

also increased concerns about the possible changes in rainfall amount including floods and drought 

patterns. This study is based on statistical downscaling, which provide good example of focusing 

on predicting the rainfall using the input of coarse GCM outputs. In this study, we have used GCM 

outputs for predicting the rainfall. It is obtained from the study that predicted rain values are higher 

for the first 30 years in compared to remaining prediction periods. The result has shown that winter 

rainfall may highly decrease in compared to monsoon, post monsoon and pre-monsoon seasons. 
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1 INTRODUCTION  

Precipitation is one of the crucial parameters of 

hydrological cycle. It is one of the major 

driving forces in hydro-meteorological analysis. 

Infiltration, evaporation, transpiration, ground 

water, runoff and so on are governed by 

precipitation. Precipitation may be the first 

parameter that has been measured by man. Most 

of the hydro-meteorological phenomena depend 

on the availability of precipitation (that is, 

rainfall in liquid form). In recent days, 

precipitation measurements have been  

 

conducted by ground gauging stations, satellite 

based estimation, radar rain gauges. However,  

due to financial constraint, difficult to access 

and so on many parts of the world (mainly in 

Himalayan region) do not have sufficient 

precipitation gauging stations. 

The General Circulation Model (GCM) 

represents physical processes in the atmosphere, 

ocean, cryosphere and land surface. It is one the 

most advanced tools currently available for 

simulating the response of the global climate 

system. The atmospheric or oceanic GCMs  
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(Atmospheric General Circulation Model-

AGCM or Ocean General Circulation Model-

OGCM) are key components of GCMs which 

include land-surface, sea-ice and ocean 

components. Data generation by downscaling 

GCM output will be one of the options to know 

the future rainfall condition in the particular 

region. Downscaling is a process of the 

development of climate data for a point or small 

area from regional climate information. The 

regional climate data may originate either from 

a climate model or from observations. Usually 

the two downscaling techniques such as 

dynamical and statistical are in practice.  

This study has been initiated by considering 

the importance of the matter that very few 

scientific works relating to climate change by 

general circulation model have been carried out 

in South Asian region.  We are trying to get 

future rainfall at Satluj basin using GCM and 

statistical downscaling technique. We have 

assumed that the predicted rainfalls will be 

highly useful to improve our understanding 

about climate change and its impact. It is also 

assumed that the results obtained from this 

study may become a noteworthy scientific 

document for further planning and development 

of water resources projects at or near by the 

Satluj River. Therefore, the following 

objectives have been carried out in this study: 

 To perform GCM output at a basin level. 

 To predict future rainfall. 

 To identify relationships between observed 

and predicted rainfalls. 

 

2 MATERIALS AND METHODS 

2.1 Study area 

This study has been carried out for Satluj River 

near by the Bhakra dam. The Satluj River rises 

from the lakes of Mansarovar and Rakastal in 

the Tibetan Plateau at an elevation of about 

4572 m. It is one of the main tributaries of the 

Indus River. It is found that about 65 % area of 

the Satluj River basin has been covered by 

snow in winter and this river has been 

categorized in the Himalayan river system 

(Figure 1).  

 

 

Figure 1 Location map of the Satluj basin up to Bhakra dam with hydro meteorological stations (Gautam et al., 2012) 
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Satluj River is the longest of the five rivers that 

flow through the region of Punjab in Northern 

India and it finally mix with Indus in Pakistan. 

The total catchment area of the river up to the 

Bhakra dam is about 56, 500 km
2
, of which about 

22, 305 km
2
 lies in India (Jain, 2008). The 

elevation of the catchment varies from 500 to 

7000 m, and only a very small area exists above 

6000 m. The Satluj River receives cool and 

snowmelt water from the upstream of the basin 

during the spring and summer months. 

 

2.2 Method 

Data set of wind speed (uwind, vwind), relative 

humidity, mean sea level pressure, geopotential 

height and air temperature from 1948 to 2004 have 

been considered to carry out the study. Those 

reanalysis data were produced by the National 

Center for Environmental Prediction/ National 

Center for Atmospheric Research (NCEP/NCAR). 

The data have been obtained through the website of 

National Oceanic and Atmospheric Administration 

(NOAA) as, http://www.esrl.noaa.gov (NOAA, 

2009). In the absence of adequate observed 

climatological data, the NCEP/ NCAR data have 

been used as a proxy to the observed data. 

GCM outputs of Center for Climate System 

Research/National Institute for Environmental 

Studies (CCSR/NIES) Japan have been 

considered from 2001 to 2100 for projecting 

future rainfalls. The gridded data sets of mean sea 

level pressure, specific humidity, wind speed, air 

temperature have been used as GCM outputs. The 

GCM data are available in the website of 

Intergovernmental panel on climate change 

(IPCC) as, http://www.mad.zmaw.de/IPCC_ 

DDC/html/ddc_gcmdata.html (IPCC, 2009). 

Mean monthly rainfall of Kasol from 1977 to 

2004 have been used as observed rainfall.   

We have applied statistical downscaling 

technique to find out quantitative relationship 

between large-scale atmospheric variables 

(predictors) and local surface variables 

(predictands) (Figure 2). Statistical downscaling 

produces future values based on statistical 

relationship between large-scale climate 

features and hydrologic variables like 

precipitation (Wilby et al., 2004). 

 

 
 

Figure 2 Illustrating the general approach to downscaling (Wilby and Dawson, 2007) 
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In present study, statistical downscaling has 

been performed in the following manner. 

Initially, standardization has been performed for 

both NCEP and GCM output data set. Then 

Principal Component Analysis (PCA) has been 

carried out for both NCEP and GCM data set 

using matrix laboratory (MATLAB). PCA is 

performed to reduce the dimensionality of the 

predictor variables. Regression coefficients 

have been found out with the relationship 

between NCEP data set and observed rainfall. 

Future rainfalls have been predicted using the 

regression coefficients to the PCA of GCM 

output. 

Rainfall variability has been conducted to 

find out the inconsistency in between observed 

and predicted rainfall values. In this study, 

monthly variations of rainfall have been 

obtained by taking averages of each months of 

observed and predicted rainfalls based on the 

average of observed rainfall.  

We performed trend analysis to identify 

increasing or decreasing tendency in the data 

set and it is one of the important tools to be 

performed in a hydrologic series.  In this study, 

Mann Kendall (MK) test is applied to find out 

trend in the observed and predicted data set.  

The MK (MK) test is based on the test 

statistic ‘S’, which is defined as follows: 

 


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 
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1n
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n

1ij

ij )xsgn(x S                                    (1) 

 

where the xj are the sequential data values, n is 

the length of the data set, and : 

 

Sgn (θ) ={
                 
                 
               

             (2) 

 

Mann (1945) and Kendall (1975) have 

documented that when n≥8, the statistic S is 

approximately normally distributed with the 

mean and the variance as follows: 

E(S) = 0           (3) 
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where ti is the number of ties of extent i. The 

standardized test statistic Z is computed by: 

 

ZMK=

{
 

 
   

√      
   

              
   

√      
   

                      (5) 

 

The standardized MK statistic Z follows the 

standard normal distribution with mean of zero 

and variance of one (Yue et al., 2002). 

 

3 RESULTS AND DISCUSSIONS 

3.1 Prediction of rainfall  

It is already mentioned that principal 

component analyses have been carried out from 

the NCEP data set within the period of 1977 to 

2004. In present study, with the application of 

PCA, 98 % variability was explained by nine 

components. Then regression coefficients are 

obtained with the relationship between PCA of 

NCEP data and observed rainfalls, which are 

given in Table 1. 

Hence, using these nine principal 

components (pci1, pci2…pci9) and nine 

regression coefficients (d0, d1, d2…d9); rainfalls 

at time t have been obtained through the 

equation 6: 

 

Raint = d0 + ∑         
            (6) 

 

In this way, rainfalls were predicted with the 

relationship between regression coefficients 

obtained from NCEP data set and PCA obtained 
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from GCM output. Diagrammatic representation 

of the predicted rainfall values are given below.  

Figure 3 has been drawn for the predicted 

rainfalls from 2001 to 2100 and it has shown 

that maximum monthly rainfalls are above 325 

mm in many years from 2001 to 2030 

compared to remaining period of the prediction.  

Figures 4, 5 and 6 have been drawn on the 

predicated monthly rainfalls for the years 2030, 

2050 and 2080 respectively. All the figures (i.e. 

4, 5 and 6) have shown that there will be no 

rainfall in the months of December and January. 

The amount of rainfall will be very high in 

June, July and August in compared to the 

remaining months. These two facts are similar 

to existing condition as there is high amount of 

rainfall in monsoon (June-September) and less 

or almost no rainfall in winter (December-

January). Sinha Ray and Srivastava (1999) have 

also found decreasing trend of rainfall in winter. 

 

Table 1 Regression Coefficients 

 

 

 
 

Figure 3 Predicted rainfalls for 2001 to 2100 for the study area 

Regression 

Coefficients 
d0 d1 d2 d3 d4 d5 d6 d7 d8 d9 

Values 109.911 17.4775 -12.0145 33.5482 7.360 4.8876 -16.618 -15.2995 -13.1086 -31.181 
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Figure 4 Predicted monthly rainfall for 2030 

 
 

Figure 5 Predicted monthly rainfall for 2050 

 

 
 

Figure 6 Predicted monthly rainfall for 2080 
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3.2 Rainfall variability  

Rainfall variability has been calculated by taking 

monthly rainfalls from 1977 to 2004 as well as 

from 2001 to 2100 within the same month of 

observed and predicted rainfall data set. The 

diagrammatic representation of the rainfall 

variability has been given in the Figure 7. It is 

obtained from figure 7 that there is a condition of 

positive rainfall variability, which shows 

predicted values are higher in the months of April, 

May, June, October and November. Likewise, the 

predicted values are lower than observed, that is,  

negative rainfall variability were appeared for the 

months of January, February, March, July, August 

and December. The predicted and observed 

values are quite closer in the month of September. 

A scatter plot has been drawn between average 

observed rainfall and predicted rainfall values in 

Figure 8. The figure shows that lower and 

medium rainfall values are highly correlated in 

comparison to the higher values. 

 

 
 

Figure 7 Monthly rainfall variability based on observed rain data set 

 

 
 

Figure 8 Scatter plot between monthly averages of observed and predicted rainfalls 
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3.3 Trend analysis of rainfall 

MK test has been applied to identify the trend 

in the observed and predicted rainfalls. The test 

statistics for observed and predicted rainfalls 

are -0.18 and 0.17. This test has shown that 

there is no trend in the observed and predicted 

rainfalls at 5% significant level. This result is 

quite similar to the conclusion made by Sarker 

and Thapliyal (1988) and Thapliyal and 

Kulshrestha (1991). 

 

4 CONCLUSION 

This study has shown that future rainfalls are 

above 325 mm in many years for the first 30 

years and the same trend is not observed during 

the remaining period of the prediction. The 

simulated rainfall of 2030, 2050 and 2080have 

shown that the future rainfall will highly 

decrease for winter season in compared to 

monsoon, post monsoon and pre-monsoon 

seasons. Hence, it can be finalized that future 

rainfalls will highly decrease for winter season 

in comparison to other seasons.  

Rainfall variability has been conducted 

based on the observed data set and the result 

indicated that rainfall values of December, 

January and February are on highly decreasing 

order and the rainfalls of May, October and 

November are on highly increasing order. The 

Mann Kendall test has shown that there is no 

trend in the observed and predicted rainfalls at 

5% significant level.   

Last but not the least, it can be concluded 

that the results obtained from this study may be 

crucial in water resources planning and 

management of Satluj River basin.  
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 Satluj: رودخانه GCMهای  های تغییر اقلیم و مدل بارش با توجه به خروجیبرآورد 

 

1. گَتامیپاى. 
 3لئک. گَاى. ٍ  2آضٍضا ام.، *

 

 کاتواًسٍ، ًپال، Tribhuvan، زاًطگاُ .Tri-Chandra Mگطٍُ َّاضٌاسی، زاًطکسُ  -1

 ٍضکی، ٌّسٍستاىضٌاسی، ض آباًستیتَی هلی  -2

 کی، ٌّسٍستاىضضٍ IITضٌاسی،  گطٍُ آب -3

 

 1394ذطزاز  19 / تاضید چاپ:1393بْوي  12/ تاضید پصیطش: 1393هْط  22تاضید زضیافت: 

 

ضخ زازُ طی  گطم ضسگیتطیي اّویت است.  َّاضٌاسی زاضای بیصٍ  ّای باضش زض بسیاضی اظ هطالعات آبزازُ چکیده

ضٌاسی زض هقیاس بعضگ اظ قبیل افعایص هحتَای براض آب اتوسفط، تغییط الگَّا، ضست  چٌسیي زِّ بِ تغییطات چطذِ آب

ُ ضسُ ّای قطبی ٍ تغییط زض ضطَبت ذاک ٍ ضٍاًاب اضتباط زازٍ ٍقایع حسی باضش، کاّص پَضص بطف، شٍب گستطزُ ید

اظ ( GCMّای گطزش عوَهی ) زّس. هسل ای قابل تَجْی ًطاى هی تغییطات باضش تغییطپصیطی هکاًی ٍ بیي زِّ است.

تطیي ابعاضّای زض زستطس بطای ضبیِ  ، پیططفتِّا ٍ سطح ظهیي وسفط، اقیاًَس، یدفطآیٌسّای فیعیکی زض ات ططیق بطضسی

علایق پژٍّطی جسیس زض ضابطِ با گطم ضسى جْاًی ًیع ًگطاًی زض ذصَظ ساظی پاسد ساهاًِ جْاًی اقلین ّستٌس. 

تغییطات هوکي زض هقساض باضًسگی ضاهل الگَّای سیل ٍ ذطکسالی ضا افعایص زاز. هطالعِ حاضط ًوًَِ هٌاسبی اظ تلاش 

 بط هبٌای ضیع زّس ٍ بِ عٌَاى ٍضٍزی اضائِ هی GCMّای بعضگ هقیاس باضًسگی با استفازُ اظ ذطٍجیبطآٍضز بطای 

باضًسگی استفازُ ضسُ است. بطآٍضز بطای  GCMّای ساظی آهاضی استَاض است. زض هطالعِ حاضط اظ ذطٍجی هسلهقیاس

ّای باقی هاًسُ تط اظ زیگط زٍضُسال اٍل ضا بیص 30هقازیط بطآٍضزی باضًسگی بطای ای گطفتِ ضسُ کِ اظ هطالعِهصکَض ایسُ 

زاز کِ زض هقایسِ با فصَل هَسوی ٍ ًیع فصَل قبل ٍ بعس هَسوی، باضًسگی ظهستاى هوکي ًتایج ًطاى شکط کطزُ است. 

 است بِ ضست کاّص یابس.

 

 هسل گطزش عوَهی گطم ضسى جْاًی، ساظی، ضیعهقیاس ،بطآٍضز باضًسگی  کلمات کلیدی:
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