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 ماغیپ سیئر د نوتنهوپ تسُب د

 د ېکلب ،يNک لابمس هKاI هپ ېهوپ د نلاصحم لپخ ې@اوی هن ېچ ، ید اد هخ: ونوتیلؤسم هل وی ېسسؤم يملع ېوی د ېک دنوژ ينن هپ

 د دنوژ د ينلوY د ېچ ،سيابوار تخو هپ تخو ه: سياد هخ: نوتمریز يملع د وناداتسا وا وناهوپ وکنورل وNک هدز وړول د نوتنهوپ

 ېIc د ېک رIډ هپ لمع د هخ: یوغه هل شي یلاوکو هک وا ولوبرخ د شرق يتسول د ېنلوY د ه]ل رت ]ل ای وا هراپل ولوک هروپ د ووایتړا

 .شي لوچاو راک هپ ، هخوم هپ ېنتسیخا

 نیبوسنم هتیحلاص اب لوY نوتنهوپ د ېک هغه هپ ېچ ،يرلو ناIرا هیودنرپخ يملع ېساد وی دیاب نوتنهوپ هراپل ولدیسر د هت ېخوم ېد و

 .شي یلادوnیnک ېدناب خم رپ ذغاک د ېنکیل وا ېلاقم يزینNی: وا يملع  ېلپخ ، لای هNک هدز هک وا یکنووکراک هک ،يو داتسا هغه هک

 ېروپ نوتنهوپ هپ ې@اوی هن ېچ ،شي هریسرب ار لئاسم سياد  دیاب ،يراکt ېی ېچ هخ: مون هل هکل ېک هلجم ېدپ دنآ صيخش هپ امز

 ولتک هپ هت دنوژ ابس وا ينن و وکنودیسوا د تیلاو دنمله د هسر لوډ يNکنا@ هپ وا ېنلوY ېناغفا د هسر لوډ ماع هپ ېکلب ،شي ېتاپ ریIار

 تسب د ې@اوی هلجم يملع نوتنهوپ تسُب د هب تخو هغه.شي لNک ېدناړو ، ېراچ-ېرلا لح د وا هنوزیدناړو ، يزنوتس ،هنونوتیلایرب ،هسر

 ، مس هسر ونتtوغ د تخو د ېک هخرب هپ ېنNی: وا ېهوپ د هچک هپ ناتسناغفا لوY وا يمیس د نآ ، تیلاو دنمله لوY د ېکلب ،هن نوتنهوپ

 داویه لوY هپ وا يو هلجم هنارI ېدناب وکلخ وتایز رپ وا هبوبحم هوی ، هخوم هپ ولدوt د ېرلا ېمس ېوی د هت لسن ناو@ و وا ړو ېنرلماپ د

  .يرلو لاو هنیم لپخ هب ېک

 د یوغه هک هراپل ولورپخ د ولاقم وزینNی: وا يملع د هنیم ولوY وا  وناغراف ، ونلاصحم ، وناداتسا ،هباتشرم د نوتنهوپ تسُب د هب هلجم اد

 برخ هt وا یا@رپ هب هرمو:.يو تسان ه| هپ لاو هنیم لوY ېی هب هت ولدیرپخ و ېچ،يو ناIرا زینرپخ وی ،يو ېچ ېک رIډ ره هپ ېهوپ

 ولکیل و ولاقم وزینNی: وا يملع د نلاصحم هلاح رب وا يوش غراف ، ناداتسا مترحم نوتنهوپ تسب د ایب هریت هپ شرق یتسول ېنلوY د ېچ ،يو

 .شي لو�ه و هت

 ،سسؤم مترحم د هلما هل ولدیرپخ د ېلجم ېملع د نوتنهوپ تسُب د ېچ ، مرل ړایو بوتیزاتسا هپ ونیبوسنم ولوY د نوتنهوپ تسُب د هز

 هسر وللاI هپ تمحز وا رایز د هخ: لنوسرپ وا وکنووکراک ولوY هل ېلجم د ه�نر ادمه وا رمآ مترحم هل ېنNی: د وا لایتسرم يملع مترحم

 نوتنهوپ تسُب د ېچ مرل هلیه وا  میاو يکرابم ېموک هل هړز د هت ولوY ،مNکو �ادردق وا هننم ، هد ېNک وتمچ هت ولدیرپخ و ېی هلجم ېچ

 هروپ هپ ېدناړو رپ  تلم ناغفا لوY د ېک لیلحت یرخا هپ وا سلو ېدنمله لوY وا نوتنهوپ د تلاسر لپخ هب يکنووکراک ېلجم يملع د

 .يوسرو هتسر هسر مزع �نیY وا

 ت'نرد هپ

 نی8نس دومحم رینجنا مولپیډ

 سیئر نوتنهوپ تسُب د

 

 



 

 ج 

 
 هزیسر

 وا يملع د تسُب د هغه وا Nک هتروپ ماI نیړا وا مهم ریډ لب وی يی ېک هرلا هپ �تخمرپ يملع لپخ د ېچ يرل ړایو نوتنهوپ تسُب

 یول د ېهوپ وا ملع د وا ونلاصحم ،وناداتسا ولوY نوتنهوپ د هخمد ه: ره رت . يد لدېرپخ ه�I یNمول ،کوY مهود د ېلجم يزینNی:

 ېدد ېچ هخ: ور�لم ولوY د تخوج هسر ېدد وا موک ېدناړو يکرابم ولدېرپخ د ېلجم يزینNی: وا يملع د تسُب د هت ولاو هنیم روک

 .موک هننم يموک هل هړز د هد ېتسیخا ه�نو ېکنودېک ېNتس هن يی ېک ولورپخ وا ولوبیترت ،ولوک هسلا رت هپ زاوج د ېلجم

 هل رایز د ونNی: يملع د وناهوپ د �تخم رپ هزیخړا ره ۍNن �ننن د ېچ يرل رواب هروپ وا  هد هراکt هت وناسک دنوړا وا لوهک روک يملع د

 .ید یلوبول لور هدنکیرپ وا يزکرم ېnکپ هنوزکرم يملع زینNی: وا هنوتوتیتسنا کیمداکا ،سيسؤم وNک هدز وړول د وا یوس نکمم هتکرب

 هل ونوتtون وا ونNی�يملع ،سیردت د تیاعر هپ ونومرون وکیمډاکا وللتخمرپ د يړاوغ نوتنهوپ تسُب هسر وتک هپ هت تtزرا وا لصا ېدمه

  ېړول تیفیک ړول د وا يرایعم هت وناناو@ ېنلوY د هسر ولوربارب هپ ونیمز وا ووایتناسا ليیصحت يرایعم د وا  يزورو هنورداک يکلسم يرلا

 رIډ هپ ېهوپ يکلسم وا وNک هدز وړول د و:رت ، يNک هربارب هنیمز دیلوت د وراثا وزینهوپ هرک د �سنب رپ ونNی�يملع د وا یدناړو يNک هدز

 ه�نو هدنغر ېک هنوغر وا �تخمرپ هپ داویه وا ېنلوY د هسر ولړوار هتسلا هپ وفادها ونیتtر ولپخ د وا ولوک هسلا رت هپ ونوتراهم وړوIc د ېک

  .شي هIوج تمدخ ينیتtر د وا ليخاو

 يرايعم يک اKر هپ ونوتtزرا يروتلک وا ليم ، يملاسا د هت لسن ناو@ يک داويه لوY هپ وا ونوتيلاو وي�نواI ،تيلاو دنمله د يچ وی نمژ

  .وNک يدناړو هنورداک يوس لزور وا نمژ هت داویه وا ينلوY وا هربارب هنيمز ونوNی: يملع وخارپ وا وNک هدز وړول يکلسم وا يملع د

 د شرن وا پاچ د ينکیل وا لياقم يزینNی: وا يملع ېک هخرب هپ ومولع سينیئاس د يزاوی هلجم هزینNی: وا يملع تسُب د هراپل سوا د

 .سي لNک �ایز رو مه يخرب يرون هب يک ېکنولتار هپ ېچ وی دنم هلیه وا يورپخ وا ينم مس هسر ېرلا�ت

 ېلجم يزینNی: يملع ليپخ د ېک ېکنولتار هپ وا ابس ،نن ،هللاأشنا هب نادنمراک يملع وا نلاصحم ،ناداتسا نوتنهوپ تسُب د ېچ مرل ډاډ

 هسر هنيم هپ  هت ولاو هنیم وا ونانتn: يهوپ وا ملع د ولوY لوډ ادمه .يNک أدا )روپ( نید یلړایو  وخ دنورد هغد لپخ یرلا هل ولورپخ د

 ،هنودنآ ،ينکیل يزینNی: وا يملع ليپخ يک هرلا هپ �تخمرپ د نوتنهوپ تسُب د وا ليجم يزینNی: وا يملع یدد يچ ووکرو هنلب

 د يخرب ليم وا ،ينيد ليپخ د يک ولونادو هپ روک ترس يدد  ملع د وا  ۍورولوار  ناش هپ لت د يتسرم وا  يکوين  هدنغر وا هنوزيدناړو

  .�nخبوار ړايو ينيادا

 وا  �زور هt ، سيردت د هت لسن ناو@ وا ونايچب و داويه لپخ د هب هسر ودي¢ت هپ تخو د  هللا آشنا يچ وي دنم هليه وا يديNک ډوه ږوم

 هپ وا يزوح ي£يديول ليهس د ايب ولاودنمله ولپخ يnک واNپ يNمول هپ و: رت وNک يربارب يوايتناساړو ماپ د وا ينيړا  هراپل دناه زینNی:

 ،ي�نهرف ،يداصتقا داويه يوشړاجيو وا سلوا ليديرو@ د ږومز يچ ي@رIو ردصم Nپوچ سياد وي د هت ولاوداويه ولوY و يnک ياپ

 .ي]يردو يک هکيل هپ ونوداويهوللتخمرپ د يNن د ناتسناغفا وا لح يزنوتس يزينلوY وا سيايس
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 کیلIل

  هریمش یحفص د                                                                                                                                                      ناونع یلاقم د

 هنLېJ وتاعقاو Sub Mucosal Resection  د يک نوتغور يوزوح سيو,م هپ راهدنک د

 يداجس هللا مسب دیس رcکاډ ، يرونا هللا حیبذ رcکاډ ،يلماع یلمز رcکاډ

 يکونومخز يودعم هپ  يک نوتغور يوزوح سيو,م هپ راهدنک د

 هعلاطم وتاعقاو Xدیهب هنیو د يخرب Sنتروپ د زاهج يمضه د 

 يداجس هللا مسب دیس رcکاډ ،يرونا هللا حیبذ رcکاډ ،تصرن هللاصرن رcکاډ

 ،يab صيلاخان ،ت[\ل دیلوت د ورانا د يک Sلاوسلو دازون هپ

  لیلحت يداصتقا ونولنيچ dنیbيکرام وا يab صيلاخ 

  تیاده هللا دیمح ،دمحا ليع رcکاډ یودنهوپ ،ی�ت یلایرمز راینهوپ

 يزيغا میشاlوپ د يدناب وخرب هیودنتسرم رپ لصاح د وا لصاح رپ وراوج د

  ینY یلایرمز راینهوپ ،یزکلم رایدمحم لمنهوپ

 لور Xرک د يک تابث وا هلوس هپ ينلوl د

  ینY یلایرمز راینهوپ ،یزکلم رای دمحم لمنهوپ
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 هنتک هت وتایلمع لوکوYورپ  DYNAMIC ROUTING د

 ل¹ج نیدلا¹ج ،افو دمحم ناخ ،یریزو سیردا دمحم

 هندیک ليپ XراJ د متسیس د ساسا هپ IP ADDRESS د

 لداع دمحم دیس ،ل¹ج نیدلا¹ج ،افو دمحم ناخ

 هندیک ليپ هغه د وا هندنژیپ INTERNET PROTOCOL ADDRESS د

 لداع دمحم دیس،ل¹ج نیدلا¹ج ،افو دمحم ناخ

 يزیغا ۍژولانکیت �امولعم د يدناب رابروراک رپ

 ينیما هللا بیحم ،دمحا یلع روتکود یودنهوپ ، رادنطو نلاسرا
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Abstract 

 

 

  

  

Water as the fundamental needs of life is very important for various purposes viz, domestic, 
agriculture, industrial, recreational, etc. while, other factors, population growth, urbanization, 
economic growth, globalization of trade, climate change and variability are the various driving 
forces on water force the civilization to manage the sources of water and use it in a sustainable 
manner. Rainfall-runoff modeling an important hydrologic technique vastly used in water resources 
development and management is very important for both gauged and ungauged watersheds. Soil 
map, Climate data, DEM image and Land use/Land cover map are the main data that has used in 
the SWAT for runoff estimation of this river basin. The values of R2 for calibration period is 0.86, 
it indicates a good correlation between observed and simulated value. The NSE for the calibration 
period is 0.81 that demonstrate a good performance the model. PBIAS is -6.51 for a model that 
indicates around 6% accepted overestimation from the observed value. After the adjustment of 
sensitive parameters in the calibration, the calibrated parameter has run on the model for another 
period for which runoff data is not available.  34-years monthly basis runoff from the year 1981 to 
2014 has generated at the outlet of the basin (Qali-I-Bust). The results suggest that the SWAT 
hydrological model will be a useful tool which can produce significant catchment surface-runoff 
predictions to aid water management decision. 
 
Key words: land cover, soil map, sensitive parameters, and surface runoff. 
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Introduction 

Water at a place is nature’s valuable gift that sustains 
life on the earth preserve the prime requirement for 
the existence of life and thus it has been humankind's 
effort from time immemorial to utilize the available 
water resources. History has instances of civilization 
that flourished with the availability of dependable 
water supplies and then collapsed when the water 
supply failed (Subramanya, 2005). Under 
urbanization development, land cover and land use 
have been changing from permeable to impermeable 
resulting in reduction of groundwater recharges and 
increase in surface runoff. These variations affect 
water storage of the watershed, the nature of runoff 
and the hydrological response of the watershed. Two 
kinds of overflow are normally generated: 
infiltration excess and saturation excess depending 
on runoff mechanism. The infiltration excess or 
Hortonian flow occurs when rainfall intensities 
exceed the rate at which water can infiltrate into the 
soil, while saturation excess runoff is generated 
when rainfall encounters soils that are approximately 
saturated or fully saturated. Saturation excess runoff 
is considered the main mechanism for a runoff in 
areas having a humid climate as well thick vegetation 
and permeable soil” (Singh, 2009). Mostly, 
hydrological study for a watershed is based on the 
long-term observed flow at its outlet. For 
catchments, having no or limited records of flow, the 
hydrological response of the watershed is difficult 
(Toronto et al., 1997). 
1-1 Objectives of the Study 

The main objective of the Rainfall-Runoff modeling 
for Arghandab river basin is reorganization of the 
hydrological system in order to provide reliable 
instruction for managing water resources in a 
sustained method to support the managerial process 
about the future development of the water resources 
in this River basin. Therefore, the objectives of the 
present study are: 
1) To examine the applicability of SWAT model in 

Arghandab river basin. 
2) To estimate surface runoff for the Arghandab 

river basin for around 34 years on monthly basis 
for water resource assessment, planning and 
development, and management. 

3) To calibrate Arc-SWAT model parameters with a 
small data set of observed runoff data of the 
Arghandab River. 
 

1-2 Application of Remote Sensing and GIS in 
Hydrologic Modelling 

GIS and Remote sensing data have a crucial role in 
the development of water resource and dynamic with 
advancement in technology. Public accessibility to 
the data that is need for hydrological modeling by 
GIS, improve the importance and usage of the 
techniques. Land used/land cover, soil type, and 
climate data are the key parameters and have a most 
important role in rainfall-runoff. The greatest 
advantage of using remotely sensed data for 
hydrological modeling is its talent to generate 
instruction in the spatial and temporal domain 
(Jagadeesha, 1999). Remote sensing and GIS applied 
by Tan et al. (2001) for assessment of runoff 
coefficient in irrigated regions, they specified that 
remote sensing and GIS are excellent tools for 
acquiring and organizing spatially distributed data.  
1-3 Rainfall-Runoff Modeling based on Arc-

SWAT Technique 

Land use and land cover (LULC) is an essential 
parameter of the runoff process that affects 
infiltration, erosion, and evapotranspiration. 
Aeronautical Reconnaissance Coverage Geographic 
Information System (Arc-GIS) software commonly 
used in practice to simulate water and sediment 
fluctuations in watersheds, SWAT and Hydrologic 
Engineering Center Geospatial Hydrologic 
Modeling (HEC-GeoHMS) are main Arc-GIS tools 
that can be used for surface runoff modeling.  

Ghoraba and Shimaa (2015) successfully applied the 
SWAT hydrological model for Simly Dam 
watershed located in the Saon River basin at the 
northeast of Islamabad. For simulation of 
streamflow, establish the water balance, and 
estimating the monthly volume of Simly Dam. Its 
outcomes shown that properly calibrated SWAT 
model can be used efficiently in the semi-arid region 
to support water management policies. 
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Rainfall-Runoff Modeling of Argandab River Basin in Afghanistan 

1-4 Site Description 

Afghanistan, a mountainous landlocked nation within 
in Central Asia is neighbored by Tajikistan, 
Turkmenistan, and Uzbekistan to the north, Iran in 
the west, Pakistan in east and south with poorly 
marked Durand Line border, and it has a small stretch 
of border in northeast with China. It has five major 
river basins such as Amu Darya, Northern, Harirod-
Murghab, Helmand and Kabul. However, 
Afghanistan is not able to utilize properly its water 
potential due to lack of comprehensive strategic 
plans related to water issues. The Helmand River 
basin is one of five main river basin in Afghanistan 
that is located in the south of the country. Arghandab 
river basin is the main tributary of Helmand basin, 
and it is one of the most important areas of 
agriculture in the south zone. Its geographical 
coordinates are latitudes 30.39 to 33.57 N and 
longitudes 64.25 to 69.34 E as illustrated in the Fig. 
1. Arghandab River by itself has three sub-tributaries 
such as, Dori, Arghastan, and Tarnak rivers. 
Tributaries viz. Tarnak, Dori, and Arghastan rivers 
are intermittent rivers, in which water flows only in 
winter and spring season or when a storm occurs. 
Civilization in the Arghandab river basin has been 
facing several problems such as inefficient life 
facilities like (transportation system, least access to 
education, no electricity, limited health centers, etc.), 
water shortages, interwar and lack of security. The 
main problems of the Arghandab River basin related 
to the water resources can be summarized as follows; 
a) Due to no-

managements, 
even the basin 
is faced with 
water scarcity, a 
huge quantity of 
surface water is 
lost per year. 

b) Lack of storage structures and no existence of 
dams to capture the rain floods during the rainy 
season in order to use later. 

c) Conflict among the people related to use of water 
generally during the summer, due to lack of 
proper irrigation systems. 

d) In addition, Water pollution is an ongoing 
problem from surface water in some particular 
locations due to non-care with municipality waste.  

 

1-5 Model Description 
 

1-5-1 Soil and Water Assessment Tool 
(SWAT) 

SWAT is a theoretical/hydrological model that 
works on daily, and monthly time steps. The main 
objective of the improvement of the SWAT model 
was to calculate the effect of sediment transport, 
water quality, and its management in large 
gauged/ungagged basins. The SWAT model is based 
on the principles of the water balance (arnold al., 
1998). 

SWt	 = 	SW	 + ∑ (R! − Q" − E# −W"# − Q$)%
&'(     

Where SWt is the soil water content at time t, SW is 
the initial soil water content, t is the time in days. Rd 
is the daily rainfall, Qs is the quantity of surface 
overflow, Ee is the evapotranspiration, Wse is the 
volume of water entering the unsaturated zone 

(contains of the 
infiltration degree minus 
the capillary growth), 
and Qr is the volume of 
flow that return.  All 
units that are used in this 
equation in mm.  

 

 

 

 

Fig. 1: Location of Arghandab river basin with its various tributaries  
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1-5-2 Surface Runoff 

The SWAT model provides two approaches to 
estimate surface runoff; the Soil Conservation 
Service (SCS) curve number (CN) (SCS-CN) 
method (USDA SCS, 1972) and the Green & Ampt 
infiltration (1911) method. The SCS-CN method is a 
simple predictable and theoretically constant method 
for assessment of direct runoff depth, which depends 
on only CN. “It is a well-established method, having 
been widely accepted for use in the USA and many 
other countries (Subramanya, 2005)”. The surface 
runoff volume predicted in SWAT using the SCS – 
CN method. The SCS – CN equation is: 

     Q! =
(#)$%.'()*

(#)*					%.,()
                                                               

                                  ( 2)                              

		R > 0.2S 

Where Qs is the daily surface runoff, Rd is the rainfall 
depth for the day, and S is retention parameter, all 
unit used are in mm. The overflow will occur when 
R d > 0.2S, the retention parameter S is different due 
to changing water content in soil, The parameter S is 
associated to curve number (CN) by the SCS 
equation (USDA-SCS, 1972).  

    𝑆 = 254(.//
01

−
1)                                                                    

           (3)                                                            

Where CN is Curve Number and the constant 254 is 
used to express in mm. 

CN = 25400
(𝑆 + 254)+                   (4)                                                

Moreover, Curve number has a range of 100	 ≥
	𝐶𝑁	 ≥ 	0. A CN value of 100 symbolizes a situation 
of zero potential retention, while CN zero value 
characterizes a situation of an extremely abstracting 
catchment with, 𝑆 = 	∞.  

Material and Method 
2-1 DEM Data 

Advanced Space born Thermal Emission and 
Reflection Radiometer (ASTER) digital elevation 

model (DEM) of 30-meter resolution is download 
from https://earthexplorer.usgs.gov/. DEM is a 
generic term for the digital cartographic 
representation of the elevation of the land at regularly 
spaced intervals in x, y and z directions. All forms of 
DEM data are useable to model and analysis the 
earth’s topography in three-dimensions 

2-2 Soil Data  

The soil data are required to define soil 
characteristics, attributes, and is another important 
aspect that has extremely affect the runoff response 
of a catchment. Unfortunately, there is no specific 
soil map available for the study area; therefore, world 
soil map was the only one option to use for this study. 
ISRIC- World Soil Property Estimates for Broad-
Scale Modeling (WISE30sec) soil data has been used 
for the study area. 

2-3 Land Use/Cover Data 

Land cover is a composition of the characteristics of 
the elements that cover the land surface such as 
(urban, transportation, residential, water, forest, 
agriculture etc.). Composed elements of land 
use/land cover do not remain constant that illustrate 
the contact of humankind with the environment, 
these changes have an important effect on the 
hydrological cycle. The European Union Global 
Environmental Monitoring land use/land cover data, 
which was prepared in the period December 2004 to 
June 2006, have used in this study.  

2-4 Meteorological Data  

Generally, no long-term metrology records of the 
Afghanistan are available, after 1979 all metrological 
center in the country either destroyed or stopped.  
Recently few meteorological stations have been 
installed in some parts of the country. Afterward in 
the year 2010, two meteorological stations are 
installed in the Arghandab river basin, in the Tarnak 
Farm and Inside University of Kandahar campus. 
The global weather data, which has 36 years records 
and freely available has been used for this study 

2-5 Calibration and Validation 
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The fourth and last one is the calibration and 
validation stage; to know whether the simulated 
runoff is validated or not, observed data is needed to 
compare with the simulated data. SWAT-CUP 

software is used to calibrate the simulated runoff and 
to define the most sensitive parameters of the 
catchments. Fig. shows working procedure of 
SWAT.

 

Fig. 2: Sub-watersheds of the Arghandab River basin shown in different colors 

 

 

 

 

 

 

 

 

 

 

 

2-6 SWAT Model Set-Up and Data Processing  

2-6-1 Watershed Delineation  

Digital Elevation Model (DEM) defines the 
topography of the watershed, it has used to calculate 
basin parameters such as the boundary of sub-basin, 
slope, stream order, and to define the stream 
networks. For the present study from SWAT model, 
Arghandab River basin’s area, perimeter and length 
have been found as about 76,583 km2, 3037 km and 
829 km respectively.  The elevation of the basin 
ranges from 735 m to 4584 m high above sea level. 
The entire watershed is segmented in a total number  

 

 

 

 

of 21 sub-watersheds depending on the topographic 
characteristics as given in Fig. 3.  

2-6-1 Land Used and Soil  

The soil and land cover make important responding 
units and the same are accomplished by SWAT 
model by subdividing the watershed into areas 
having a unique land use, soil and slope 
combination, which is called as Hydrological 
Response Units (HRU). The European Union 
Global Environmental Monitoring land use/land 
cover map that has 23 different classes was a clip 
for the study area. Eleven major classes identified 
for the entire   

watershed is shown in Fig. 4.

HRUs 
definition  

 

 
 
 
 
 

 

Watershed 
delineation   

Input 
Data Soil 

Location of 
weather station Land use 

DEM Meteorological data 

Processing Model 
Calibration  

SWAT 
simulation  
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Fig. 3: Sub-watersheds of the Arghandab River basin shown in different colors 

As illustrated in the Fig. 13, barren land covers most 
of the area around 71.5%, but water covers only 
0.01% area, while agriculture is covering 1.52% of 
area. Orchard, Forest evergreen, Forest-Mixed, 
Pasture, Range-Grasses and Urban cover 8.06%, 
0.005%, 2.07%, 7.59%, 8.52% and 0.75%, 
respectively.  The soil is one of the most important 
aspects that has a direct impact on the watershed 
response. ISRIC- World Soil  

 

Property Estimates for Broad-Scale Modeling 
(WISE30sec) has been used and it illustrates that the 
Arghandab River basin has seven different soil 
classes such as NELLIS, MACHIAS, CARDIGAN, 
MADAWASKA, WEIDER, WILMINGTON and 
SUN. Six of these soil groups, which cover around 
99.7% of the total area, are from B group soil, and 
seventh soil group, which cover 0.3% of the total 
area, belongs to D group soil as shown in Fig. 5.  

54



Rainfall-Runoff Modeling of Argandab River Basin in Afghanistan 

 

Fig. 4: Land use/Land cover map of the Arghandab River basin 

 
Fig. 5: Soil Map of the Arghandab River basin 
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2-6-1 Model Calibration and Validation  

Calibration is an effort to optimally estimate 
parameters a model to a given set of local conditions, 
thereby reducing the prediction uncertainty of the 
models (Perry et al, 2014). For this research, SWAT-
CUP software used for sensitivity analysis of the 
model, moreover, two years stream flow record from 
1979 to 1980 at the outlet point of the basin was use 
for calibration of simulated runoff. The description 

ranges of the parameters for the considered 
catchment have been given in Table 1. Validation 
describes as a process of representative a given site-
specific model is capable of making sufficiently 
accurate simulations, although sufficiently accurate 
results can vary based on the project goals (Arnold et 
al., 1998). Validation is a re-running simulation 
process of adjusted parameters in calibration process 
as input data, without any changing for a different 
time series.  

 

Table 1: The parameters that have used for sensitivity analysis for Arghandab River basin 

NO Parameters Description Unit Range 

1 CN2.mgt Curve number condition 2 - 35-90 

2 ALPHA_BF.gw Base flow recession constant day 0-1 

3 CH-K2 Effective hydraulic conductivity in channel mm hr−1 -0.01-500 

4 SOL_K () sol Saturated hydraulic conductivity mm hr−1 0-2000 

5 CH_N2.rte Manning coefficient for channel - -0.01-0.3 

6 GW_DELAY.gw Ground water delay time (d) day 0-50 

7 SOL_AWC (...).sol Soil available water capacity  mm mm−1 0-1 

8 ESCO hru Soil evaporation compensation factor - 0-1 

9 GW_REVAP.gw Groundwater Re-evaporation coefficient - 0.02-0.2 

10 GWQMN.gw Threshold water level in shallow aquifer for base flow mm 0-5000 

Results and Discussion 

This chapter deals with the results obtained by the 
methodology that has discussed in the previous 
chapter. Runoff modeling with SCS-curve number 
method by making use the remote sensing and Arc-
SWAT performed to simulate direct runoff. 
Moreover, other input parameters such as water area, 
land use/cover, soil, curve number and initial 

abstractions were analyzed and determined by 
SWAT. 

3-1 Calibration  

Physically based distributed watershed models must 
be calibrated before they are used in the simulation 
of the hydrologic response in order to decrease the 
uncertainty of the model predictions. Runoff 
estimation for the Arghandab River basin has done 
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by Arc-SWAT.  The basin has further divided into 
21-sub basins in order to increase the accuracy of the 
model. Two-year calibration from 1979 to 1980 has 
done for the model based on the comparison of the 
simulated runoff with the observed streamflow 
record at the outlet of the Arghandab River basin 
(Qali-I-Bust). The monthly streamflow record of 
Qali-I-Bust water-gage station that was active from 
October 1, 1947, to September 30, 1980, has been 
used for this study as shown in Fig.21. The most 
sensitive input parameters of model have been 
changed several times in the calibration phase to 
achieve the sensible agreement between observed 
and simulated runoff. The model efficiency and 
correlation between observed and simulated stream 
flow has been checked by three different statistical 
methods such as, Coefficient of Determination (R2), 
Nash–Sutcliffe Efficiency (NSE) and Percent Bias 
(PBIAS). Calibration has been stopped, after 
attaining equitable stream flow from the model for 
the study area, the same value of hydrological 
parameters that, has been adjusted during the 
calibration was used for another 34-years to estimate 
surface runoff for the Arghandab river basin. The 

validation has not been done due to lack of observed 
streamflow record as discussed earlier to evaluate the 
performance of the model with calibrated parameters 
to simulate the hydrological operation of the 
watershed over another time that has not been used 
in the calibration phase. 

3-2 Runoff Estimation beyond year 1980 

After the sensitive parameters adjusted in the 
calibration, the calibrated parameter values have 
been used to run on the model for another period that 
has not been run before. 34-years monthly basis 
runoff has been estimated for the Arghandab River at 
the outlet of the basin (Qali-I-Bust) as illustrated in 
Table 2. The stream flow hydrograph of the 
Arghandab River basin indicates that the discharge 
of this river has been reached to the peak point within 
the years of 1998 to 1999, while it reached to the 
lowest point within the years of 2001 to 2002 for this 
specific period of estimation as illustrate in Fig. 6. 
Overall, the hydrograph shows that the discharge of 
this river basin has been slightly decreased year by 
year.  

 

Fig. 6: Yearly basis hydrograph of the Arghandab river basin 
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Table 2: Monthly stream flow of the Arghandab river basin for 34-year 

Runoff of Arghandab River Basin of 30-Years 

Years Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1981 159.5 130 432 324 30 0.3 0 0 0 2.5 0.66 2.1 

1982 94.5 405 754 822 73.9 22.9 15.2 9.8 3.6 104.4 91.8 0.14 

1983 42.4 205 422 1164 72 43.7 31.4 103 5830 7133 1049 1260 

1984 1175 1000 1593 875 589 465 412.7 255 197.3 183 168 187 

1985 173 148 203 169 78 0 3487 82.9 0 16 5.43 25 

1986 49.4 154 514 645 96 45.3 0 88 0.1 0.9 54.1 2042 

1987 488 543 1138 362 398 229.3 114.9 80.8 58.6 74.8 70.7 96 

1988 190 128 544 54 0.9 0 0 0 0 0 0.1 63 

1989 41.1 70.6 807 134 18.4 3.6 0.03 0 0.1 0.23 10.4 83 

1990 175 378 704 171 53.8 6.9 0 0 0 0.8 25.5 116 

1991 469 440 981 1195 105 67.5 49.5 33.5 26.7 27.4 46.1 56 

1992 115 132 420 872 65 31.8 18.3 8.4 6.1 16.2 14.4 157 

1993 153 102 335 446 19 1.5 0.1 0.12 0 0.33 2.3 4.4 

1994 56.9 65.8 363 46.6 0.6 0 17.5 0 0 0 0.1 29 

1995 11.3 16.4 237 260 15 0.4 108.2 0.26 0 3.8 0.58 98 

1996 33.7 81.4 818 104 18.5 2 0 0 0 0.65 0.76 2.2 

1997 49.7 8.6 375 239 85.2 2.1 0 0 0 47.4 22.9 49.9 

1998 156 115 779 692 37.4 15.8 3.8 0.5 0.24 3.02 5.1 6.3 

1999 3662 8257 3598 2143 1250 1177 1021 862 723 604.5 501.3 400 

2000 360 282 248 118 46 29.3 9.9 3.1 6.5 11.8 28.7 68 

2001 24.2 24 16 0.67 0 0 0 0 0 0 0 8.1 

2002 5.3 44 47.6 37 0 0 0 0 0 0 27.5 44.5 

2003 30 206 431 11 0 0 0 0 0 0 43.9 0.01 

2004 66.2 0.4 7.3 0 0 0 0 0 0 0.21 5. 161 

2005 118 319 1754 42 1276 0.02 0 0 0 0.4 13.9 7.7 

2006 74.2 215 45.6 7.6 0 0 0.01 0 0 0 142 182 

2007 39.7 379 791 337 21.4 66.5 7.6 0.34 0.42 2.5 4.2 20.7 

2008 170 89.5 262 86 0 0 0 0 0 0 0 107 

2009 263 299 121 250 10.1 3.2 0 0 0 1.3 6.5 85 

2010 46.4 525 125 14 18.6 0 1.3 41.4 0 21.5 0.5 0.21 

2011 33.4 956 759 291 4.3 0.1 0 0 3.4 7.6 60.6 2.3 

2012 92.5 282 617 663 40 3.5 0 0 12.7 1.9 29 117 

2013 91.4 467 770 205 48 9.8 2.5 17.8 0.17 1.7 107 8.4 

2014 24.4 209 658 1066 260 37.3 27.3      

58



Rainfall-Runoff Modeling of Argandab River Basin in Afghanistan 

Conclusion 
Characteristic and quantity of surface runoff depend 
on the magnitude and intensity of rainfall as well as 
on the morphometric parameters of the watershed. In 
the present study, an effort has been made to estimate 
34-years surface runoff, as well as to comprehend the 
morphometric parameters of the Arghandab river 
basin that has a significant effect on the hydrological 
response of the basin.  
Arghandab River basin, which has area of about 
76,583 sq.km, and one of the most important 
agriculture lands in the south of the Afghanistan. The 
conclusions of this research have been mentioned 
below.  
1) ISRIC (WISE30sec) world soil map has been used 

which indicates seven different soil types, six of 
these soil groups, which cover around 99.7% of 
the total area, are from B group soil, and seventh 
soil group, which cover 0.3% of the total area, 
belongs to D group soil. European Union Global 
Environmental Monitoring land use/land cover 
map is clipped for the study area and eleven major 
classes are identified for the entire watershed of 
which barren area covers about 71.5% of the total 
land.  

2) Three recommended statistical coefficients 
namely, NSE, R2 and PBIAS have been used to 
evaluate performance of the model. The values of 
R2 for calibration period is 0.86, indicating good 
correlation between observed and simulated 
runoff. The NSE for the calibration period is 0.81 
that is more than 0.75 and showing very good 
performance. Moreover, the value of PBIAS is -
6.51 for the model that indicates around 6% 
overestimation from the observed value.  

3) The adjusted sensitive parameters have been run 
in SWAT model for 34-years from 1981 to 2014 
to estimate monthly basis runoff of the Arghandab 
River at the outlet point of the basin (Qali-I-Bust).  

4) The hydrograph illustrates that stream flow of the 
Arghandab River for this specific period of 
estimation has reached two times to very high 
peak in the years of 1983 and 1999.  While 
minimum flow outlet is in the years of 2001. It 
indicates that Arghandab river basin has been 
suffered two times from flood and once from 
drought in this period.  

5) The results suggest that the SWAT hydrological 
model will be a useful tool which, once calibrated 
effectively, can produce significant catchment 
predictions to aid management decisions. The 
results gained indicate that catchment output 
simulated by SWAT are good. 

 
Recommendation 

1) For runoff modeling, soil, land use/land cover and 
climate data have a crucial role in the output result 
of the model. Therefore, the usage of country basis 
soil, land use/land cover map and climate data of 
the specific meteorological center in the basin for 
the future works will increase the accuracy of the 
model.  

2)    Sediment is another and very important issue 
associated with watershed management, so the 
division of the Arghandab river basin into sub-
basin relative to their topography condition, SWAT 
can effectively use in order to know which part of 
the basin is more suffering from soil erosion or 
sediment transport.  

Due to the current situation of the Afghanistan, 
runoff modeling based on SWAT software is the best 
option to estimate the surface runoff for all river 
basins of the country, especially for the period where 
there is no observed record of that river. It will be 
more helpful for related agencies; at least it will give 
an idea for the policy makers. 
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 ېساد هپ .هد دام همهم اروخ هراپل ورون وا يحیرفت ،يتعنص ،Nرک ،Nروک هکل وخوم وفلتخم د هFوت هپ ووایتړا وزیBسنب د دنوژ د هبوا

 يد هنوراشف فلتخم وبوا د نولدب میلقا د ،يرFادوس هلاوaن ،هدو يداصتقا ،لدېک يرا[ ،هدو سوفن د هکل ،لماوع رون يچ يک لاح

 يکیژولوردیاه مهم ریډ وی ریهب يحطس .يوراکو ېی هFوت هرادماود هپ وا يaک هرادا ېنیچسر وبوا د يچ يوړا هت ېد ندf يچ

 هنوکینخت اد ،هلما هل لياوتشن د وتامولعم يکیژولوردیاه وفلتخم د .يmیک لوراک يک ونوتیلاعف یریډ هپ ونیچسر د وبوا د يچ ید ریغتم

 لډام نایرج د يک ېزوح يعرف هپ بادنغرا د هخوم pنسوا ېعلاطم د ،سي یادېک لوراک هراپل ولوک لډام وبوا د هFوت هنمزیغا هپ

 دوا تامولعم میلقا د ،هشقن �[وپ د يکم~ ،هشقن يرواخ د .هد ېل[وپ ېی هحاس عبرم هترمولیک 76,583 اوخواش يچ ،هد لوک

DEM هپ يچ يد تامولعم ليصا هغه رو�نا SWAT میظنت د .يد يوس لوراک هراپل لک�ا نایرج د ېزوح يزیدنیس ېد د يک 

 هراپل ېرود د میظنت د .يوک هتوF هپ هکیړا ه[ �نمرت تمیق يوس هترو وا يوس هدهاشم د اد ،ید 0.86 تمیق R2 د هراپل ېرود

NSE  د هراپل لډام ېد د .يي[ تیلاعف ه[ لډام د يچ موک ید 0.81 تمیق PBIAS هخ� ت[زرا يوس لدیل د يچ ید 6.51- د 

 رBیماریپ يوس بیترت ،هتسورو بیترت هل ورBیماریپ ساسح د ېک هسورپ هپ میظنت د .ي[ یلاوتایز هت دح يوس لنم د هنلس 6 اوخواش

 pنتشایم نلک 34 يروپ 2014 رت هخ� 1981 لاک د .دولرد هن نوتش ېی تامولعم يچ لوس هدافتسا هراپل ېدوم يغه ليب د يک لډام هپ

 روFB وی لډام يکیژولوردیاه SWAT يچ يی[ ليیاپ aNی� د .ليغار سلا هپ يک )تسب-يعلق( هقطن يکنووتو هپ لياغبا د ریهب

 يدناړو ينیودناړو ړو ماپ د هراپل يتسرم د هسر وaکیرپ د تیریدم د سي یلاوک سي میظنت لوډ حیحص هپ ل~ وی يچ يو هلیسو

 .يaک

 

   نایرج يحطس وا هنوترماراپ ساسح ،هشقن يرواخ د ،ښوپ يکم~ د :ېملک يدیلک
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