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Abstract

Water resources in the Kabul river basin have been increasingly stressed by climate change
and population growth. Assessment of ldagn impacts of projected changes in climate,
population, land use and land cover and ground water availadfildgtchmehwater resources
is critical to the sustainable development in the Kabul river basin. The overall objective of this
studyinclude: (1)to fully estimate water availability potential based on quantita{R)to apply
several climate scenarios to identife precipitation and temperature trends for the purpose of
climate change impact assessmg¥) to evaluate the sectoral water demand (irrigation,
domestic, environment and industjie§l) water stress evaluation in the Kabul river basin. In
this study local and global data setollected and the soil and water assessment tool
(SWAT2012) model were applied to evalkeatater availability potential and statistics have been
applied to estimate sectoral water demand.

The model showsstcapability in producing the streamflow discharge in the calibration process.
The performance criteria of ‘Reomputed indicates that the model satisfactory simulates the
streamflow volume in the catchment during 2008 to 2012. In the sensitivity anatysiss

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 atronlof 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 firseatury. The study found that the Kabul river basin is very
sensitive topopulation explosion andimate fluctuations, suggesting that slight increase in the
mean temperature could alter present hydrologic conditions and its water resources. Based on the
result obtained, by increasimgeantemperature2.9°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 evapotranspiratioease 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 caroe 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 dracgyéhe last
century the population of Kabul river basin increased wo times since 200. Using of
nonrenewablenergy hasncreasedespectivelymeansdemand for water is increasimye to
population explosion and climate chage resulted wsitesesin the Kabulriver basin[1]. By
decreasing surface water supplies, ground water consumption have been quickly expanded which
has resulted in aquifer depletion. For instaritejetersn the shomali and panjshir siasins,
more tlan 4 neterspaghman and ceral Kabul[2] Nearly all shallow well supply wells affected
to thesame 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, agriculte) is becoming more severBhe ncreasing amount of carbon dioxide
(CO2) can lead to changing the global climate drastically during this cdB{uBy increasing
amounts of carbon dioxide and concentration of greenhouse gases, the average temperature of
the earthés atmosphere ri sing since the 19t
phenomenon. Global warming can have important effectshenwater resources and water
demands like urban arabriculturaluses.Precipitation andEvapotranspiration, two important
Hydrologic variables, can be altered by changing temperature. Undingfdhe interaction of
climate and water resources can hadgearchers and policyakers 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 chiwegefore the gap between
water supply ad demand for water will expand. In general, with warmer weather, water demand
is anticipated to increase whilne water supply is anticipated to dease. Forinstance
agriculture consumption, which is the major demand for water supply, will be iadreag to
both decreasing precipitation and increadtivgpotranspiration. In water stsed basins, where
the water demand is already approaching the available supply, the impacts of climate change can
be especially sever@o address this need, this sfuelvaluates the impact of climate change on

available water resources in one of five river basin of Afghanistan known as Kabul river basin



using SWAT model. In a big portion of my study area SWAT model applied to evaluate the
water availibiliy potential ad climate change and other drivers that water managers commonly

confront.

1.2. Problem statement

In the Kabul River Basin thavailableland and water resources are not utilized effectively to
improve the livelihood and socioeconomic conditions of the inhabitdhts.existing land and
water resources system of the area is adversdctedby rapid growth of populatiomnd
climate chang, land degradation and deforestatidtffects of climate change on the water
resourcesn the Kabul river basisignificanty causing changes in quantity, type (snow or rain)
ard timing of precipitation on the other handtensivepopulation growth irthe upper Kabul
causing water scarcityThe 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 levelmkeshivere large in the western part
of thecentral Kabul sub basid]. 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 devpkd to estimate potential impacts of climate change. But all these
models required field reliable and accurate data such as precipitation, temperature, streamflow
runoff and evapotranspiratiohack of availability of reliable historic meteorological redsy
complex topography make modelling more difficult. Howetlez reliability global data sets
verified with observed data prior to model applicati@uoil and water assessment tools (SWAT)
model was used to evaluate waterorgses avaidbility and prgect precipitation and
temperature change for the case studgbul river basin.ln contrast to the assessment of
variations of the clim@& driving forcefor regional hydrology, the trends and impacts may be
different onawatershed to watershed or fronbdeasin to sukbasin scale. Therefore, in order to
focus on the assessment tbe relationships between climate change, water availability and
water demand supply managemermin the catchment scale integrated hydrological components

required. In thigegards, 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?



1.3. Study objective

The overalistudy goal is to demonstrate the use of theeting 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:

1 Estimaton of current (2008012) available wataesource potential using the
SWAT2012 model in the Kabul river basin (whole basin).

1 Future water availability assessment based on climate change scenario analysis till
(2064)

1 Water supply and demand (Agriculture, Domestic, Environment and Indasaiy)sis
and water stress evaluation and projection.

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

change

1.4. Limitation of the study

The first and foremoslimitation of this study waghe non availability ofreliable observed
meteorological and hydrological data be representative of all elevatsooim the Kabul river
basin After 2004, 29 Hydrometeorological stations installed across the Kabul river [Bisin
due to insecurity and technical problems, some of these stations aeeardingproperly and
only few stations which are located in the plain arehshe basin reaols meteorological
condition but canot be representative of hilly and more hillyasef the basirlo fill this gap,
research on many global climate datspreformed Near real time precipitation recorasth
unique records to be representative of hilly and semi hilly areas, TRMM datdeseted after
comparison withobserved data obtained from the Ministry of Energy and Watemn, applied
TRMM for further studies for Water resources potential assessment in the Kabul river basin.

1.5. Thesis layout

This thesis containgight chapters and organized as follows: Chamiee gives a general
introductionto the study area with its objective, relevance and research questions. Chapter two
deals with the materiaEnddata set explations adapted for the studZhapter three describes

Hydro-meteorological data processirmgnd comparing Chapter fourrelated to Hydrological



modeling.Chapter five deals with sectoral water demand analysis. Chapter six concerned with
climate change andwater stresassessmentChapterseven describes result and discussion.

Chapter eightontins canclusions and recommendationgioé study.

1.6. Afghanistan river basin s overview

Afghanistan is a landlocked country with a total area of about 652080ltkis bordered
by Turkmenistan, Uzbekistan and Tajikistan to the north, China todtikeast, Pakistan to the
east and Iran to the west. Afghanistan, according to its topography and water resources divided
into five major river basin§27]. These river basins are consisin: (1) Kabul river basin (2)
Helmand river basin, (3) Harrirddlurghab river basin, (4) North river basin and (5) Amu river

basin. The map of all these river basins shown in figure 1.

Afghanistan River Basins

rabul River Basin

Figure 1.1 Five river basins map



1.7. Study area

1.7.1. Location

The Kabul River Basin is Trafisoundarycatchment. It is located in the eastern part of
Afghanistan and Chatral valleys of Pakistan. It lies between 33 N latitudes and 67- 74
E longitudes as shown figure 1.2with the drainage area of 65202 kriThis basin is divided
into 23 subbasins ad 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 sealleegdkabul river basin isidded into
four distinct area$6]. (1) The logarmaidan Kabul areas includes three river branches such as,
the Maidan, Paghman and Qargh rivers, originates from upstream of Kabul. (2) Panjshir
Ghorband areaontain three tributaries such as, Ghorband, Salang and Shatul rivadrew)
Kabul comprisesn area which is influenced by Panjshir and Maidan rivetisis distinct area.
It comprises two large sudatchment to the north and contains rivers suchKasar and
Laghman rivers. Finallyall these tributaries and rivers joint the Aba area of Nangarhar

province and pass the border throughout the Pakistan territor
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Figurel.2 Study area,TheKabul river basin map.

5



1.7.2. Climate

The Kabul river basin experiensea semi arid and strongly continentigipe of climate[7]
with major daytime and nighime temperature fluctuationdt is characterized by hot summer
and cold winterThe mean annual precipitatioestimated 316 mm) figure 1.3 and the annual
average temperature estimatétiQ) Figurel .4 Maximum precipitatios occur duringthe winter
seasonincluding December, January and FebruaryinMhum precipitations & expected to
occur duringthe summer sean, June, July and Augusdthe temperaturand precipitationin
the Kabul river basin differfrom watershed to watershetthese climate elementsepend on
elevation.The maximum temperaturaeasured48°C) inthe Kabul river basiin Nangharhar
region which is located in the plain ar@a the summerand minimum temperaturei 8°C)
recorded inthe Chatral valleyin the high elevatiorwhich is located in the east part ofhe

catchment.

68°0°0"E T0°0°0"E 72°0'0"E T4°0°0"E

Mean Annual Precipitation Distribution in the Kabul River Basin in (mm)

Legend

annual (mm})
<VALUE>

[ |z4s-z7
[ 208~ 258
[ 254~ 220
] 221- 347
] 248- 373
I 74 - 400
I 401 - 427
I 428- 454
I 5 460
I <51 - o7
I sos- s
I = 0
| Eal
| Exmat
Il 515- 540
200 Kilometers I 541557

L 1 1 1 | 1 1 1 | -533_530

36°0°0"N
“onllnllN

300N
34°00°N

68°0'0"E 70°0'0"E 72°0'0"E 74°0'0"E

Figure.1.3The mean annual precipitation distribution in thedou river basirfrom (2007 2012). Data
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1.7.3. Water resources

The snowpack in the mantainsin 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 tranBasin divsion also transporisate from the Chateral valleys,
Pakistarto the Kabul river basifigurel.5. There are dams and reservoirs and lakes in the basin
and their functions for generating electricity, irrigation and domestic watearesamportant.

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 irrigatiogstidopurposes.
There are four aquifers in the Kabul ar8h The Paghmaiarulam area has tow aquifers lying

along the course of the Paghman river and the upper Kabul river. The two other aquifers are



located in the Logar sub basifhe main sources aecharge 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.
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CHAPTER TWO

MATERIALSAND DATASET

2.1. Data collection

Data gathering is the most important step toward the hydrologic modelling, demand
evaluationand climate changassessment. In this studie following datasstare collecte@nd
used to estimate pential water availability, séoral water demand and climate change impact
assessment in the Kabul river basff) Digital Elevation Model (DEM) denloaded from
NASA website (2) poor and incomplete daignd monthlyhydrological and meteorological data
were collected from the Department of Water Resources (DWR), Ministry of Enerdyated
(MoEW) and Ministry of Agriculture, Irrigation and livestio (MAIL), Kabul, Afghanistan(3)
dialy precipitation obtained from Tropical Rainfall Measuring Mission (TRMM) in NAEH,
daily temperature downloaded frqi@FSR website (5) Land cover rastesbtained fom USGS,

(6) Soil dataset downloaded froFRAO/UNESCO website,7) population raster obtained from
SATO Keisuke my academic advisof8) Climate scenarios, B1, A1B and A2 and climate
change models daily datauch as precipitation and temperature downloaded f@GCMA
CGCM3.1, MIROC3.2(medres), GE CM2.1 and CNRMCH3 wibsites.

2.1.1. Digital Elevation Model

Topography was defined by DEM that describes the elevation of entire the poirlte aneh
at the specific resolution. DEM with resolution of 30m*30np(&  as show in Fig.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 DEMppizsd in
the SWAT modelto delineate the watershednd to analyze the drainagetteas 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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Figure2.1: Digital Evevatin Model of Kabulver 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 basuas the main obstacle for my reseai®imce1967 till 2006
there isa gap of meteorologicalrecords in thestudy area due to insecurity and civil w8af.
From 2006 up to nowMlinistry of Energy and Water with financial cooperation of World bank
installed 3ineteorologicalstationsin the Kabul river basirf10], but the majority of these
stations due to insecurity and technical problem do not record properiny field trip to
Afghanistan on October, 2014, only obt&@rHydro-meteorological stationdata from 2008 to
2012 in an area of greater than 65202 Krithis is far below the World Meteorological
Organization (WMO) standard of one station for 100 to 256 &frarea for the mountainous
region[11]. Thereareno weatherstations in the high altitudef 3000 metes above sea level is
this basinhowever the majority of this basereais over 2500 metsrabove sea level as shown

in figure2.1, where the majority of precipitation occurs as snow in théerviseason and eaiily
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spring.However, all these8 stations ardocatedin the most flat and pin area of the basias

shown in figure2.2 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 o enmdr
missing records during the months and yegrtheir records.The detailed method for Hydro
meteorological data fihg and screegng and comparison of observ@decipitation from two
sources, MOEW and MAlland TRMM stations for data quality assesstnerill describe in the

chapter three.
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Figure2.2 Hydro-meteorological stationdrom five sourcesn the Kabul river Basin
2.1.3. Tropical Rainfall Measuring Mission (TRMM)
TRMM, Tropical Rainfall Measuring Mission, was launched by thellHricket from
Tanegashima Space Centre of The National Spacel@ewent Agency of Japan (NASDAN
28 November1997. This satellite has bhedeveloped as a joint project between Japan and US,

which is the first space mission dedicated to measure rainfall (NA302Y,), TRMM works by

11



combining both TIR and MW sensof$2]. The MW channel carefully measures the minute
amounts of microwave energy emitted and scattered by ttiearat its atmospheric cditgents.

TRMM also operates in active radar. TRMM satellitbits the earth at a 35° inclination angle
with respect to the equator. TRMM covers an
beyond the tropics covering a swath between 38°N to 38°

S. TRMM makes these data available in both near real time anddetesearch quality formats.

The TRMM rainfall products have a spatial resolution of 0.25° and a temporal resolution of 3h.
For this study12 station points have been selected and downlodde@RMM product 3B42

version7 andused to fill ground dataaps, comparedvith ground precipitation record®r

guality assessment and appl TRMM daily data in the SWAT model foannual water

availability estimationFor detaildescription, see the chapter three.

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

The Ministry of Agriculture, Irrigation and Livestock (MAIL) andhe USGS Agromet
project was initiated in Afghanistan ifi' January, 2004 to install Agnmeteorological statian
all over the country for theuppose of agriculture development servicHsis project installed
87 precipitation recorders in the most flat andirplareas of five river basingl3] The
MAIL/USGS project ha 90 observers to record daily precipitation and developed an
Agrometeorologial 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 rgularly to over 1150 local and international users around the countrgudsidie
the country as welln my field trip to AfghanistarOn October, 2014, | have obtained monthly
precipitation records of 87 stations in five river basins. In my study area, | have applied 31
stations which are located in my study area and cordgdate stations of this source with other
stations sources for quality assessment. The detail description of comparisorirshbater 3.
The overall comparison of blocking methoagim thai Agromet stations have very good quality

of precipitation recals in the flat areas. The location of the stations showfigure2.2

2.1.5. Climate Forecast System Reanalysis (CFSR)

The CFSR was designed and executed as a global, high resolution coupled atrrusgdrere
land surfacesea ice system to provide the best estimatbadtate of these coupled domains for

the study period. It is the first reanalysis system in which tlesgfields 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 laaspatial resolution of approximately 38 km and Precipitation,
Temperature, Solar radiah, Humidity and Wind speed data are available from 1979 till
31/7/2014 globally, for my study area, | have obtained &Imperaturestations whichare
appropriately overs all my study area, and appliedhe SWAT model for the purpose of water

availability estimation in the Kabul river basin as shown in figuge

2.1.6. Landcover/Landuse data set

The 19811996 Land cover dataset had downloaded from Gloaatl 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 (2@010) also added for comparison. All land use
and land cover classes were aggregated into seagr 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 usdange 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 increass and housing values. Analysis of two land cover data sets and comparison of
them usesArc SWAT2012 suggest that, urbanization dominates land use changes in patterns.
Urban areas increased from 11215 hectares in 1982 to 14692 hectares by 2010 whi@i%hows
increase, Rangeland and mixed forest shown a decretisearea 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 Kabullbagn respectively. The overalendof

land cover /land use in the basin described by hectares and perfigunta2.3.
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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 aptysicchemical properties such as soil texture,
available water contentydraulicconductivity, bulk density andrganiccarbon content for different layers
of each soil typeln this study, soil datase obtained from FAO/UNESCISWC (FAO/UNESCOISWC,
1998) with the resolution of 90m*90 meter aptbjectedbased on UTM, tn applied in SWATIn

Hydrological Respond Unite (HRURefinition of soil characteristicsnentioned in shown ifigure 2.4
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Figure 2.4 Soil classification map of Kabul river basin

2.1.8. Population data

To analyze wateavailability in the catchment areviver basin, population datareimportant.|

have obtainedpopulation raster data dsandScan raster datset 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). Toldeydataset widely use all over the
globe for the purpose of research and academic investigations. | have applied GIS 2012 for zonal
statistic and extraction dlie population in my study area, Kabul river basin including its 23 sub
watersheds.The Identifing 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 2.5Global population dataset subwatershed 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 OrganizatiorO)\¥i
assess the Environmental and socioeconomic implications of climate clibdige The
intergovernmental panel on Climate Change (IPCC) developeetdomgemissions scenarios in

1990 and 199these scenarios have been widely used in the analysissibfgoclimate 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
| PCC assessment r egvaeragd tempdratute esdunetjdatly ivarniira.rTheh 6 s
report documented that anthropogenic factors (due to human activity) are responsible for most of
the current global warmingl6]. The primary anthropogenic source is the emission of
greenhouse gases suahcarbon 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 warmibg arid

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

1 A1 Storyline describea world of rapid economic growth and rapid introduction of new
and more efficient technology.

1 A2 Storyline describes a very heterogeneous world with an emphasis on family values
and local traditions.

1 Blstoryline describes a world of dematerialization articbduction of clean
technologies.

1 B2 Storyline describes a world with an emphasis on local solutions to economic and
environmental sustainabiit The SRES team defined four narrative storylisteswn in

figure 2.6

Economic
A

Global »  Regional

Figure 2.6 labelled Al, A2, Bland B2, describing the relationship between the forces driving
greenhouse gas and aerosol emissions and their evolution during thé'2&ntury 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 changearsse can be
constructed17]. The GCMs output used in this chapter were prepared to investigate the impact
and uncertainties of climate change on the Hydrology oK#ait®il River Basin (KRB). A set of
four criteriawas used to select representative GENbr 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 thSWAT model A peirod of 1950 2000 is used aa baseline and the
future period 2046 2064 were downloaded from for GCMs as listed in the tabte $heF
evaluation of GCMgainfall 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
hydrologiccomponents in the past, present and future. List of GCMs which are applied in this

study shown in the tab1
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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 MIRO@.2 (Med) Center for Climate System Research Japan
(The University of Tokyo), National Institute
For Environmental Researchtudies, and Frontier
Research Center for Global Change (JAMSTEC)
2 CGCM 3.1 (T47) Canadian Centre for Climateddeling and Canada
Analysis
3 GFDICM2.0 US Department of Commerc /NO&&bphysical USA
Fluid Dynamics
4 CNRMCM3 Mete&rance /Centre National de Recherches France

Meteorologiques
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CHAPTER THREE

DATA PROCESSING AND COMPARING

Regressioni based approachnd Normam ratio methodsr precipitation and temperature
datareconstruction has been used to fill the gaps in the series of meteorological data in 8 staions
which obtained for my study area, form thepartment of Water Resourcéinistry of Energy
and Water, Kabul, Afghansitan. The method presented is charadtéyza 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 estated reconstruction error for the gap. Thus permitting a

potentially better adaptg to time dependent factors affecting the relationships betste¢ions.

3.1. Meteorological data screening

Appropriate collecting and processing of data which isery importantfor local flood
forecasting and accurate water potential estimdfi8hOn October, 2014, | traveled to Kabul,
Afghanistan. The main objective of this trip was Hydreteorological data collectior@
meteorological stations with daily records of Precipitation and temperatur® agdrologic
station with daily discharge records from 2008 to 2012, obtained form the Department of Water
Resources, unfortunately, there were wide gaps in daily, monthlyearly records in these
observed stations, for exampl@phabistation recorded precipitatian 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 dadlgords. The list of these statistsoown, inthe table 3L

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

No Name ofthe DailyRecords Length or records
. . . ipitati Begin Date
stations Latitude Longitude Precipitation| Temperature ginL End_Date

1 H H 01/01/2008 | 30/12/2012
Naghlu 34.62000 69.72000

2 , 01/01/2008 | 30/12/2012
Dohabi 35.32340 69.63401 H H

3 , , H H 01/01/2008 | 30/12/2012
Puki-Qarghai 34.55000 70.23000

4 , 01/01/2008 | 30/12/2012
Puki-Kama 34.4700 70.5500 H H

5 01/01/2008 | 30/12/2012
Daka 34.2325 71.0394 H H
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6 Maidan Wardak 34,3200 68,8500 H H 01/01/2008 | 30/12/2012

7 , “H H 01/01/2008 | 30/12/2012
Baghi-Lala 35.0800 69.1300

8 " " 01/01/2008 | 30/12/2012
Asmar 35.0300 71.2060 H H

3.2. Dynamic Method for Gap filling

Multiple linearregressiorapproach using a set of surrounding stations as regressdtse
most conventional method, suitable for gap filling of the precipitation and temperatorels,
the approach used for the selection of the stations and ideitiic of the best period of

coupling of reconstructing and target stations can be summanmifigdre 3.1

Figure 3.1 Dynamic method for gap filling in Daily meteorological dataset

1 Analysis of the target station to identify a periagthout gaps of sufficient length
contiguous to the gap to be filled preceding and or following the gap.

1 Identification of two groups of stations (high gaped stations and low gaped stations) for
data reconstruction in the neighborhood of the tastion.
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