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Abstract 

      Water resources in the Kabul river basin have been increasingly stressed by climate change 

and population growth. Assessment of long-term impacts of projected changes in climate, 

population, land use and land cover and ground water availability of catchment water resources 

is critical to the sustainable development in the Kabul river basin. The overall objective of this 

study include: (1) to fully estimate water availability potential based on quantitative; (2) to apply 

several climate scenarios to identify the precipitation and temperature trends for the purpose of 

climate change impact assessment: (3) to evaluate the  sectoral water demand (irrigation, 

domestic, environment and industries); (4) water stress evaluation in the Kabul river basin. In 

this study local and global data sets collected and the soil and water assessment tool 

(SWAT2012) model were applied to evaluate water availability potential and statistics have been 

applied to estimate sectoral water demand.  

The model shows its capability in producing the streamflow discharge in the calibration process. 

The performance criteria of R
2
 computed indicates that the model satisfactory simulates the 

streamflow volume in the catchment during 2008 to 2012. In the sensitivity analysis, it was 

found that the parameters of TIMP, SMTMP, GW_DELAY and CN were the most sensitive 

parameters to the model output. Using an optimum data available, three different climate change 

scenarios (A2, A1B and B1) being applied in the  in the model for simulation of past and future 

water availability. The investigated hydrodynamic characteristics were rainfall, snowfall, surface 

water, evaporation and potential evpotranspiration. These impacts have been investigated using 

the SWAT model for the twenty first century. The study found that the Kabul river basin is very 

sensitive to population explosion and climate fluctuations, suggesting that slight increase in the 

mean temperature could alter present hydrologic conditions and its water resources. Based on the 

result obtained, by increasing mean temperature 2.9°C in the period of 2046 - 2064, the Kabul 

river basin will experience a water scarcity, the study area will face about 24% reduction in 

water availability and expected that potential evapotranspiration increase about 18%. SWAT 

successfully achieved the aim of this study; to test its capability as a hydrological model  for 

climate impact assessment and to assess the impact of climate change on water resources in the 

study area. Nevertheless, uncertainty cannot be avoided in this study since the utilization of the 

modelling for making the future prediction.
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CHAPTER ONE   

INTRODUCTION 

1.1. Background   

       Water supply is threatened by increasing population growth and climate change since the last 

century. the population of  Kabul river basin increased two times since 2000. Using of 

nonrenewable energy has increased respectively, means demand for water is increasing due to 

population explosion and climate chage resulted water stresses in the Kabul river basin [1]. By 

decreasing surface water supplies, ground water consumption have been quickly expanded which 

has resulted in aquifer depletion. For instance, 2 meters in the shomali and panjshir sub basins, 

more than 4 meters paghman and central Kabul [2] Nearly all shallow well supply wells affected 

to the same degree in different areas such as upper Kabu, middle Kabul and lower Kabul as well.  

By adding another factor, climate change, the competition between water demands ( urban 

development, agriculture) is becoming more severe. The increasing amount of carbon dioxide 

(CO2) can lead to changing the global climate drastically during this century [3] By increasing 

amounts of carbon dioxide and concentration of greenhouse gases, the average temperature of 

the earthôs atmosphere  rising since the 19th century. This is known as the global warming 

phenomenon. Global warming can have important effects on the water resources and water 

demands like urban and agricultural uses. Precipitation and Evapotranspiration, two important 

Hydrologic variables, can be altered by changing temperature. Understanding the interaction of 

climate and water resources can help researchers and policy makers to mitigate the negative 

effects of global warming by introducing proper management scenarios. There is anticipation 

that water resources will be increasingly stressed by climate change, therefore the gap between 

water supply and demand  for water will expand. In general, with warmer weather, water demand 

is anticipated to increase while the water supply is anticipated to decrease. For instance, 

agriculture consumption, which is the major demand for water supply, will be increased due to 

both decreasing precipitation and increasing Evapotranspiration. In water stressed basins, where 

the water demand is already approaching the available supply, the impacts of climate change can 

be especially severe. To address this need, this study evaluates the impact of climate change on 

available water resources in one of five river basin of Afghanistan known as Kabul river basin 
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using  SWAT model. In a big portion of my study area SWAT model applied to evaluate the 

water availibiliy potential and climate change and other drivers that water managers commonly 

confront. 

1.2. Problem statement  

    In the Kabul River Basin the available land and water resources are not utilized effectively to 

improve the livelihood and socioeconomic conditions of the inhabitants. The existing land and 

water resources system of the area is adversely affected by rapid growth of population and 

climate change, land degradation and deforestation. Effects of climate change on the water 

resources in the Kabul river basin significantly causing changes in quantity, type (snow or rain) 

and timing of precipitation on the other hand, intensive population growth in the upper Kabul 

causing water scarcity. The most populated parts of Kabul river basin such as Kabul and 

Nangarhar widely consuming ground water with poor quality which is drastically caused to 

decline ground water level.  Simulated ground water level declines were large in the western part 

of the central Kabul sub basin [4]. This area receives very little recharge from direct precipitation 

and the dense population creates the greatest water demand. Different climate and water balance 

models have been developed to estimate potential impacts of climate change. But all these 

models required field reliable and accurate data such as precipitation, temperature, streamflow 

runoff and evapotranspiration. Lack of availability of reliable historic meteorological records, 

complex topography make modelling more difficult. However the reliability global data sets 

verified with observed data prior to model application.  Soil and water assessment tools (SWAT) 

model was used to evaluate water resources availability  and  project precipitation and 

temperature change for the case study, Kabul river basin. In contrast to the assessment of 

variations of the climate driving force for regional hydrology, the trends and impacts may be 

different on a watershed to watershed or from sub-basin to sub-basin scale. Therefore, in order to 

focus on the assessment of the relationships between climate change,  water availability and 

water demand ïsupply management on the catchment scale integrated hydrological components  

required. In this regards, two research questions were defined. 

i. How sensitive is the study area to climatic change with regard to its water available? 

ii.  What is the impact to the water quantity in the study area? Will it decrease or increase? 
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1.3. Study objective  

The overall study goal is to demonstrate the use of the modeling framework to assess the impacts 

of climate change on a vulnerable Area, Specifically the selected area of the Kabul river 

basin.The study objectives are: 

¶ Estimation of current (2008-2012) available water resource potential using the 

SWAT2012 model in the Kabul river basin (whole basin). 

¶ Future water availability assessment based on climate change scenario analysis till 

(2064). 

¶ Water  supply and demand (Agriculture, Domestic, Environment and Industry) analysis 

and water stress evaluation and projection. 

¶ Present and future water stress estimation based on population explosion and climate 

change. 

1.4. Limitation of the study  

  The first and foremost limitation of this study was the non availability of reliable observed 

meteorological and hydrological data to be representative of all elevations in the Kabul river 

basin. After 2004, 29 Hydrometeorological stations installed  across the Kabul river basin [5], 

due to insecurity and  technical problems, some of these stations are not recording properly and 

only few stations which are located in the plain areas of the basin records meteorological 

condition but cannot be representative of hilly and more hilly areas of the basin. To fill this gap, 

research on many global climate data sets preformed. Near real time precipitation records with 

unique records to be representative of hilly and semi hilly areas, TRMM dataset selected, after 

comparison with observed data obtained from the Ministry of Energy and Water. Then, applied 

TRMM for further studies for Water resources potential assessment in the Kabul river basin. 

1.5. Thesis layout  

This thesis contains eight chapters and organized as follows: Chapter one gives a general 

introduction to the study area with its objective, relevance and research questions. Chapter two 

deals with the materials and data set explanations  adapted for the study. Chapter three describes 

Hydro-meteorological data processing and comparing. Chapter four related to Hydrological 
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modeling. Chapter five deals with sectoral water demand analysis. Chapter six concerned with 

climate change and  water stress assessment. Chapter seven  describes result and discussion. 

Chapter eight contains conclusions and recommendations of the study. 

1.6. Afghanistan river basin s overview  

    Afghanistan is a landlocked country with a total area of about 652000 km
2
. It is bordered 

by Turkmenistan, Uzbekistan and Tajikistan to the north, China to the northeast, Pakistan to the 

east and Iran to the west. Afghanistan, according to its topography and water resources divided 

into five major river basins [27]. These river basins are consisted in: (1) Kabul river basin, (2) 

Helmand river basin, (3) Harrirud-Murghab river basin, (4) North river basin and (5) Amu river 

basin. The map of all these river basins shown in figure 1.1. 

 

Figure 1.1 Five river basins map 
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1.7. Study area 

    1.7.1. Location  

                    The Kabul River Basin is Trans-boundary catchment. It is located in the eastern part of 

Afghanistan and Chatral valleys of Pakistan. It lies between 33- 37 N latitudes and 67- 74

E longitudes as shown in figure 1.2 with the drainage area of 65202 km
2
. This basin is divided 

into 23 sub-basins and 10 provinces, including Kabul, located in this drainage area. The upper 

catchment of the Kabul river basin consists of steep mountain valleys in the Hindukush mountain 

range, which reaches over 7500 meters above the sea level. The Kabul river basin is divided into 

four distinct areas [6]. (1) The logar-maidan Kabul areas includes three river branches such as, 

the Maidan, Paghman and Qargh rivers, originates from upstream of Kabul. (2) Panjshir-

Ghorband area contain three tributaries such as, Ghorband, Salang and Shatul rivers. (3) Lower 

Kabul comprises an area which is influenced by Panjshir and Maidan rivers in this distinct area. 

It comprises two large sub-catchment to the north and contains rivers such as, Kunar and 

Laghman rivers. Finally, all these tributaries and rivers joint in the Aba area of Nangarhar 

province and pass the border throughout the Pakistan territory. 

 

Figure 1.2  Study area, The Kabul river basin map. 

Pakistan 

Afghanistan 
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1.7.2. Climate  

      The Kabul river basin experiences a semi arid and strongly continental type of climate [7] 

with major  daytime and night-time temperature fluctuations.  It is characterized by hot summer 

and cold winter. The mean annual  precipitation estimated (516 mm) figure 1.3 and the annual 

average temperature estimated (9°C) Figure1.4 Maximum precipitations occur during  the winter 

season, including December, January and February. Minimum precipitations are expected to 

occur during the summer season,  June, July and August. The temperature and precipitation  in 

the Kabul river basin differ  from watershed to watershed, these climate elements depend on 

elevation. The maximum temperature measured (48°C)  in the Kabul river basin in Nangharhar 

region, which is located in the plain area in the summer and minimum temperature  (ï 28°C) 

recorded in the Chatral valley in the high elevation which is located  in the east part of the 

catchment.  

 

Figure. 1.3 The mean annual precipitation distribution in the Kabu river basin from (2007- 2012). Data 
sources: Tropical Rainfall Measuring mission (TRMM). 
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Figure 1.4 T annual average precipitation distribution in the Kabul river basin from (2007-2012). Data 
source: National Centers for Environmental Prediction (NECP). 

1.7.3. Water resources  

      The snow pack in the mountains in the north and northeastern regions in the river basin 

constitutes the major runoff in the basin so water supply varies from year to year. In general, 

more than 72 percent of the runoff occurs between May and September and 40 percent occurs 

between October to April. A trans- Basin division also transports water from the Chateral valleys, 

Pakistan to the Kabul river basin Figure 1.5. There are dams and reservoirs and lakes in the basin 

and their functions for generating electricity, irrigation and domestic water use are important. 

The peak runoff generally is during June and July due to snow melt while the peak demand for 

water  usually is during July and August because of demand from the Agriculture sector. 

Furthermore,There are some reservoirs and lakes are used for irrigation, domestic purposes. 

There are four aquifers in the Kabul area [8]. The Paghman-Darulam area has tow aquifers lying 

along the course of the Paghman river and the upper Kabul river. The two other aquifers are 
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located in the Logar sub basin.  The main sources of recharge for this aquifer are infiltration of 

surface water from the river, irrigation and the ditches and canals. These aquifers are the main 

source of domestic water supply and supplemental for irrigation purpose.  

 

  

 

 

 

 

 

 

 

Figure 1.5 Mean monthly discharge at Dakah station in the period of 2008 ς 2012. Data 
source:Ministry of Energy and Water. 
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CHAPTER TWO   

MATERIALS AND DATASET 

2.1. Data collection  

      Data gathering is the most important step toward the hydrologic modelling, demand 

evaluation and climate change assessment. In this study, the following datasets are collected and 

used to estimate potential water availability, sectoral water demand and climate change impact 

assessment in the Kabul river basin: (1) Digital Elevation Model (DEM) downloaded from 

NASA website, (2) poor and incomplete daily and monthly hydrological and meteorological data 

were collected from the  Department of Water Resources (DWR), Ministry of Energy and Water 

(MoEW) and Ministry of Agriculture, Irrigation and livestock (MAIL),  Kabul, Afghanistan, (3) 

dialy precipitation obtained from Tropical Rainfall Measuring Mission (TRMM) in NASA, (4) 

daily temperature downloaded from (CFSR) website, (5) Land cover raster obtained from USGS, 

(6) Soil dataset downloaded from FAO/UNESCO website, (7) population raster obtained from 

SATO Keisuke, my academic advisor (8) Climate scenarios, B1, A1B and A2 and climate 

change models daily data, such as precipitation and temperature downloaded from, CCCMA 

CGCM3.1, MIROC3.2(medres), GFDL CM2.1 and CNRM-CH3 wibsites.   

2.1.1. Digital Elevation Model  

    Topography was defined by DEM that describes the elevation of entire the points and the area 

at the specific resolution. DEM with resolution of 30m*30m (ρͯËά  as show in Fig 2.1, was 

downloaded from SRTM (Shuttle Radar Topography Mission) website on March 2014. The data 

sets are mosaicked and projected in UTM projection using GIS10.2. The DEM was applied in 

the SWAT model to delineate the watersheds and to analyze the drainage patters of the land 

surface terrain. Subbasin parameters such as slope gradient, slope length, and stream network 

characteristics such as primary, secondary streams and rivers which were derived from the DEM. 
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Figure 2.1: Digital Evevatin Model of Kabul river Basin. Source : NASA 

 

2.1.2. Meteorological Data  

     Lack of a sufficiently dense network of weather station  for measuring precipitation and 

temperature in the Kabul river basin was the main obstacle for my research. Since 1967 till 2006 

there is a gap of meteorological records in the study area due to insecurity and civil war [9]. 

From  2006 up to now, Ministry of Energy and Water with financial cooperation of World bank 

installed 31meteorological stations in the Kabul river basin [10], but the majority of these 

stations due to insecurity and technical problem do not record properly. In my field trip to 

Afghanistan on October, 2014, only obtain 8 Hydro-meteorological stations data from 2008 to 

2012 in  an area of greater than 65202 Km
2
. This is far below the World Meteorological 

Organization (WMO) standard of one station for 100 to 250 km
2
 of area for the mountainous 

region [11].  There are no weather stations in the high altitude of 3000 meters above sea level is 

this basin, however the majority of this basin area is over 2500 meters above sea level as shown 

in  figure2.1, where the majority of precipitation occurs as snow in the winter season and early in 
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spring. However,  all these 8 stations are located in the most flat and plain  area of the basin as 

shown in figure 2.2. On the other hand, these stations due to security problem can not operate 

regularly. Even these existing stations which are operating after 2006, are full of errors and 

missing records during the months and years of their records. The detailed method for Hydro-

meteorological data filling and screening and comparison of observed precipitation from two 

sources, MoEW and MAIL and TRMM stations for data quality assessment  will describe in the 

chapter three. 

 

Figure 2.2  Hydro-meteorological stations from  five sources in the Kabul river Basin. 

2.1.3. Tropical Rainfall Measuring Mission (TRMM)  

   TRMM, Tropical Rainfall Measuring Mission, was launched by the H-11 ricket from 

Tanegashima Space Centre of The National Space Development Agency of Japan (NASDA) on 

28 November, 1997. This satellite has been developed as a joint project between Japan and US, 

which is the first space mission dedicated to measure rainfall (NASDA, 2001), TRMM works by 
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combining both TIR and MW sensors [12]. The MW channel carefully measures the minute 

amounts of microwave energy emitted and scattered by the earth and its atmospheric constituents. 

TRMM also operates in active radar. TRMM satellite orbits the earth at a 35° inclination angle 

with respect to the equator. TRMM covers an area of the earthôs surface that extends well 

beyond the tropics, covering a swath between 38°N to 38° 

S. TRMM makes these data available in both near real time and delayed research quality formats. 

The TRMM rainfall products have a spatial resolution of 0.25°  and a temporal resolution of 3h. 

For this study, 12 station points have been  selected and downloaded the TRMM product 3B42 

version7, and used to fill ground data gaps, compared with ground precipitation records for 

quality assessment and applied TRMM daily data in the SWAT model for annual water 

availability estimation. For detail description, see the chapter three. 

2.1.4. Ministry of Agriculture, Irrigation and Liv estock Weather Stations  

       The Ministry of Agriculture, Irrigation and Livestock (MAIL)  and The USGS Agromet 

project was initiated  in Afghanistan in 1
st
 January, 2004 to install Agro-meteorological stations 

all over the country for the purpose of agriculture development   services. This project installed 

87 precipitation recorders in the most flat and plain areas of five river basins [13] The 

MAIL/USGS project has 90 observers to record daily precipitation and developed an 

Agrometeorological database and information system from 2004 till new. The Agromet project is 

working closely with the United States Geological Survey (USGS), regular data analysis and 

transmitted regularly to over 1150 local and international users around the country and outside 

the country as well. In my field trip to Afghanistan On October, 2014, I have obtained monthly 

precipitation records  of 87 stations in five river basins. In my study area, I have applied  31 

stations which are located in my study area and compared four stations of this source with other 

stations sources for quality assessment. The detail description of comparison shown in chapter 3. 

The overall comparison of blocking method shown that, Agromet stations have very good quality 

of  precipitation records in the flat areas. The location of the  stations shown, in  figure 2.2. 

2.1.5. Climate Forecast System Reanalysis (CFSR) 

     The CFSR was designed and executed as a global, high resolution coupled atmosphere-ocean-

land surface-sea ice system to provide the best estimate of the state of  these coupled domains for 

the study period. It is the first reanalysis system in which the guess fields are taken as the 6h 
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forecast from a coupled atmosphere ocean climate system with an interactive sea ice component 

and assimilates satellite radiances rather than the retrieved temperature and humidity values. The 

CFSR global atmosphere data has a spatial resolution of approximately 38 km and Precipitation, 

Temperature, Solar radiation, Humidity and Wind speed data are available from 1979 till 

31/7/2014 globally, for my study area, I have obtained 64 temperature stations which are  

appropriately covers all my study area, and applied in the SWAT model for the purpose of water 

availability estimation in the Kabul river basin as shown in figure 2.2.       

2.1.6. Landcover/Landuse  data set 

    The 1981-1996 Land cover dataset had downloaded from Global Land Cover Facility (GLCF) 

with a resolution of (1km) was used for the land use and land cover baseline. And 0.5 km 

MODIS-based global land cover dataset (2001-2010) also added for comparison. All land use 

and land cover classes were aggregated into seven major categories according to their hydrologic 

properties. These include rangeland, grassland, mixed forest, barren, cropland, settlement and 

water. Land use is a major driver for hydrologic model estimates of watershed scale 

evapotranspiration. Land use change at the basin level from 1981 to 2010 assessed based on 

SWAT model. Changes in land area allocation among settlement, water rangeland, grassland, 

mix forest and agriculture land and land cover and land use change could be driven by 

population increases and housing values. Analysis of two land cover data sets and comparison of 

them uses, Arc SWAT2012 suggest that, urbanization dominates land use changes in patterns. 

Urban areas increased from 11215 hectares in 1982 to 14692 hectares by 2010 which shows 31% 

increase, Rangeland  and mixed forest shown a decrease in the area of -22 percent, - 56 percent 

respectively. Water body, grassland, cropland and barren saw decreases in the area of 17 percent, 

12 percent, 183 percent and 84 percent in the Kabul river basin respectively. The overall trend of 

land cover /land use in the basin described by hectares and percent in figure 2.3. 
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                        Figure 2.3: Land cover changes in 28 years in the Kabul river basin. 

 

2.1.7. Soil classification  

       The SWAT model requires different soil textural and physic-chemical properties such as soil texture, 

available water content, hydraulic conductivity, bulk density and organic carbon content for different layers 

of each soil type. In this study, soil dataset obtained from FAO/UNESCO-ISWC (FAO/UNESCO-ISWC, 

1998) with the resolution of 90m*90 meter and projected based on UTM, then applied in SWAT in 

Hydrological Respond Unite (HRU). Definition of soil characteristics mentioned in shown in figure 2.4 
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Figure 2.4  Soil classification map of Kabul river basin 

2.1.8. Population data 

To analyze water availability in the catchment or reviver basin, population data are important. I 

have obtained population raster data as LandScan raster data set of 2000 and 2005 from 

Professor SATO Keisuke my academic advisor, Watershed informative laboratory. The 

LandScan global population database has developed by Oak Ridge National Laboratory (ORNL) 

for the United States Department of Defense (DOD). Today this dataset widely use all over the 

globe for the purpose of research and academic investigations. I have applied GIS 2012 for zonal 

statistic and extraction of the population in my study area, Kabul river basin including its 23 sub-

watersheds. The Identifying population growth rate is a crucial element for long term 

sustainability analysis. It represents a fundamental indicator for water resources planning and 

decision making in the Kabul river basin. 
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Figure 2.5 Global population dataset sub-watershed boundaries. 

2. 2. Climate Change Scenarios  

The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by the United 

Nations Environment Program (UNEP) and the World Meteorological Organization (WMO) to 

assess the Environmental and socioeconomic implications of climate change [14].  The 

intergovernmental panel on Climate Change (IPCC) developed long-term emissions scenarios in 

1990 and 1992 these scenarios have been widely used in the analysis of possible climate change 

[15].These changes in understanding relate to, e.g. the carbon intensity of energy supply, the 

income gap between developed and developing countries, and to sulfur emissions. The latest 

IPCC assessment report stated that Earthôs average temperature is unequivocally warming. The 

report documented that anthropogenic factors (due to human activity) are responsible for most of 

the current global warming [16].  The primary anthropogenic source is the emission of 

greenhouse gases such as carbon dioxide, which is mainly produced by the burning of fossil fuels. 

Although scientists are confident about the fact of global warming and climate change due to 

human activities, substantial uncertainty remains about just how large the warming will be and 

what will be the patterns of change in different parts of the world. A world range of emission 

2000 2005 
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scenarios was developed by the IPCC in a Special Report  on Emission Scenarios (SRES), the 

main scenario storylines are as follows: 

¶ A1 Storyline describes a world of rapid economic growth and rapid introduction of new 

and more efficient technology. 

¶ A2 Storyline describes a very heterogeneous world with an emphasis on family values 

and local traditions. 

¶ B1 storyline describes a world of dematerialization and introduction of clean  

technologies. 

¶ B2 Storyline describes a world with an emphasis on local solutions to economic and 

environmental sustainability. The SRES team defined four narrative storylines shown in 

figure 2.6  

 

Figure 2.6: labelled A1, A2, B1 and B2, describing the relationship between the forces driving 

greenhouse gas and aerosol emissions and their evolution during the 21
st
 century for large world 

regions and globally. Each storyline represents different demographic, social, economic, 

technological, and environmental developments that diverge in increasingly irreversible ways 

(IPCC, data simulation) 
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Figure 2.7 Global warming projection to the year 2100 based on climate change scenarios. 

2.3. Global Circulation Models  

   The Global Circulation Models are the most complex of climate models, since they are attempt 

to represent the main components of the climate system in the three dimensions. GCMs are the 

tools to perform climate change experiments from which climate change scenarios can be 

constructed [17]. The GCMs output used in this chapter were prepared to investigate the impact 

and uncertainties of climate change on the Hydrology of the Kabul River Basin (KRB).  A set of  

four criteria was used to select representative GCMs for the KRB. (1) Availability of daily 

precipitation and temperature, (2) positive correlation coefficient of monthly average observed 

and GCMs output, (3) heterogeneity of model source such as country or sponsor institution (4)  

applicabe to apply in the SWAT model. A peirod of 1950- 2000 is used as a baseline and the 

future period 2046  2064 were downloaded from for GCMs as listed in the table 3. For the 

evaluation of GCMs rainfall and temperature as recommended by WMO in assessments of 

climate model performance. Four GCMs with daily simulation outputs or rainfall and maximum 

and minimum surface temperature were applied in the SWAT model to assess the variation of 

hydrologic components in the  past, present and future. List of GCMs which are applied in this 

study shown in the table 2.1 
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Table 2.1  List of GCMs used for this study with daily mean precipitation, maximum and minimum 

temperature data availability  for A1B, A2 and B1 SRES scenarios.  

No                   CMIP3 ID                          Organization Group                                                           Country 

1                  MIROC 3.2 (Med)            Center for Climate System Research                                       Japan 

                                                               (The University of Tokyo), National Institute 

                                                              For Environmental Research, Studies, and Frontier 

                                                              Research Center for Global Change (JAMSTEC)        

 

2                 CGCM 3.1 (T47)               Canadian Centre for Climate Modeling and                                       Canada 

                                                                     Analysis  

 

3                 GFDL-CM2.0                    US Department of Commerc /NOAA/ Geophysical                 USA 

                                                              Fluid Dynamics 

 

4                 CNRM-CM3                    Meteo-France /Centre National de Recherches                         France 

                                                              Meteorologiques  
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CHAPTER THREE  

DATA PROCESSING AND COMPARING 

     Regression ïbased approach and Normam ratio methods for precipitation and temperature 

data reconstruction has been used to fill the gaps in the series of  meteorological data in 8 staions 

which obtained for my study area, form the Department of Water Resources, Ministry of Energy 

and Water, Kabul, Afghansitan. The method presented is characterized by a dynamic selectin of 

the reconstructing of stations and of the coupling period that can precede or follow the missing 

data, each type of gap considerd as specific approach. Identifying the best set of stations and the 

period that minimizes the estimated reconstruction error for the gap. Thus permitting a 

potentially better adapting to time dependent factors affecting the relationships between stations.   

3.1. Meteorological data  screeni ng  

     Appropriate collecting and processing of data which is very important for local flood 

forecasting and accurate water potential estimation [18] On October, 2014, I  traveled to Kabul, 

Afghanistan. The main objective  of  this trip was Hydro-meteorological data collection. 8 

meteorological stations with daily records of Precipitation and temperature and 8 hydrologic 

station with daily discharge records  from 2008 to 2012, obtained form the Department of Water 

Resources, unfortunately, there were wide gaps in daily, monthly and yearly records in these 

observed stations, for example, Dohabi station recorded precipitation in March, April, but there 

is no records for May or the station recorded precipitation from January to middle of August, 

then there is one week gap in the daily records. The list of these stations shown, in the table  3.1 

Table 3.1 List of Meteorological stations obtained from the Ministry of Energy and Water 

No Name of the 

stations Latitude Longitude 

Daily Records Length or records 

Precipitation Temperature Begin_Date End_Date 

1 
Naghlu 34.62000 69.72000 

ᾛ ᾛ 01/01/2008 30/12/2012 

2 
Dohabi 35.32340 69.63401 

ᾛ ᾛ 01/01/2008 30/12/2012 

3 
Pul-i-Qarghai 34.55000 70.23000 

ᾛ ᾛ 01/01/2008 30/12/2012 

4 
Pul-i-Kama 34.4700 70.5500 

ᾛ ᾛ 01/01/2008 30/12/2012 

5 
Daka 34.2325 71.0394 

ᾛ ᾛ 01/01/2008 30/12/2012 
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6 
Maidan Wardak 34.3200 68.8500 

ᾛ ᾛ 01/01/2008 30/12/2012 

7 
Bagh-i-Lala 35.0800 69.1300 

ᾛ ᾛ 01/01/2008 30/12/2012 

8 
Asmar 35.0300 71.2060 

ᾛ ᾛ 01/01/2008 30/12/2012 

 

3.2. Dynamic Method for Gap filling  

      Multiple linear regression approach, using a set of surrounding stations as regressors is the 

most conventional method, suitable for gap filling of the precipitation and temperature records, 

the approach used for the selection of the stations and identification of the best period of 

coupling of reconstructing and target stations can be summarized in figure 3.1 

 

               Figure 3.1 Dynamic method for gap filling in Daily meteorological dataset. 

¶ Analysis of the target station to identify a period without gaps of sufficient length 

contiguous to the gap to be filled preceding and or following the gap. 

¶ Identification of two groups of stations  (high gaped stations and low gaped stations) for 

data reconstruction in the neighborhood of the target station. 












































































































































































































