International Journal of Applied Engineering Research ISSN-@862 Volume 13, Numbe (2018) pp.32623271
© Research India Publications. http://www.ripublication.com

Hydrological Modeling of Semi-Arid Regionin UngaugedWatershed using
AGWA Model

L*Adnan Ismael,?Saleh Suleimarand 3Abdulnaser Ahmed

ILecturer,Technical Institute/ Northerfiechnical UniversityMosul, Iraqg.
*E-mail: adnan.ismael@ntu.edu.{gorresponding Auth9r
2Lecturer,Engineering Technical College/ Northern Technical Universitysul Irag.

E-mail: salehjaafer@ntu.edu.iq
3 Lecture,Technical Institute/ Northern Techniddhiversity Mosul, Irag.
E-mail: nasir.razag@ntu.edu.iq

Abstract arid & semiarid regionsuses widely available standardized
spatial datasets that can be obtained by design required data

Number of methods have been developed to produce thBase.According to Kdppen climate classification sesnid

hydrological behavior and information from hydro

o er 0, e et Runoff and eroson ad8INEROS) and
\F;Vaterr)she d Assesgment ToofAGWA) a Geo raphic Soil and Water Assessment TO@WAT).SWAT model is
grap watershedcale model developed to predict the impact of land

e s i, S {nEGement flces on waierand sedimenton Iage
9 gaug gomplex watersheds witharying soils, landise,land cover,

regions usg widely available standardized spatial datasets tha nd management conditions over extended time gbiller

can be obtained by design required data base et al.,, 2004)here are a number of studies and researches
In this study AGWA modelhas beenapplied in Khassa have appliedhis model to predict and estimate the different
watershed which is located in north east of Irag to obtain thehydrological responses especially water income and sediment
general hydrological characteristics according to AGWA yield.

outputs 'that shoyvs the response .Of Khassa wgtersh_ed to tmeodulla et al, (2007ppplied the AGWA modelo calculate
climate impacts in collaboration with topographic, soil type the amount c;f sediment yield in three proposed basin sites in
!and cover and_ other parameters to th_e _amount of wate ufranja watershed i Jordanusing modeling environment
income to achieve the watershed efficient managemen GWA - SWAT. The calibration procesior sediment yield
through sustainable development and  planning. for Waterdepends on theﬁange in most sensitive parameters in SWAT
resources model that can be considered as different scenarios in
Keywords: AGWA model, Semiarid region, ungagged Kufranja basin.

watershed, ArcGIS 10, SWATzlobal mapper, Hydrological Mohammad et al, (2012fudiedthe yearly surface runoff and

modelling sediment load for the main three valleys on the right bank of
Mosul Dam Reservoiin Iraq using (SWAT) model toobtain
INTRODUCTION the most erosivealleys and reducghe amount of sediment

yield entering to theeservoir which is defialyt decreasing
Iraq is one of the countries that located in the region classifiedhe life water storage.

aﬁ 2” arilgrwdt rs?r:maz]d areasr anlc: \?"tl)l Iﬁctﬁ Silr?r:'lflr%anr:t iHamid et al, (2012)simulatethe expected effeodf Land use
shortage ater income as a resutt of bo € increme r&hangeon waterincome of the Gaza tsip in Palestinian

water demand_ and the reduction of water shares frc_)m the[ rritory wsing the (AGWA) model Three different scenarios
source countries, besides most of watersheds are not includ ulated independently for land cover changes; 1. The land

the required or available observed data. Thus, the demands f%ver of 2007. 2. Land cover of 2020. 3. Full urbanized land
Lh% hlydr_ololgkljcarl]l mOd.e.IS that_ can predict and describe thecover. The analysis of the three different scenarios can give

ydrological behaviorsiincreasing decision makers better understand for the &ugituation and
The U.S Department of Agricultusgricultural Research assist them to advance towards achieving sustainable
Services / Southwest Watershed Research Center (USDAdevelopment planning for water resources system in the Gaza
ARS), in cooperation with the U.S Environmental Protection Strip.
Agency Landscape Ecology Branch (U.S. EPA), has,vI - ;

. ahmoud (2014) applied the (AGWA) model to obtain the

developedthe Automated Gespatial Watershed Assessment hydro geomorphologicanodelingfor the Salt basinlocated

Tool (AGWA) a Geographic Information Syste(@1S) based in Tikrit north of Iraq which is considered @asgaugedsemi
watershed modeling todb simulate ungauged watersheds in
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arid region watershednd studying the impact ofand cover  Description of the Study Area
changes and their respossi the level of suibasins and
entirely basinThe obtained modeling processes will hiip

stockholdergn administatiors to build the future studiesfor

development plans farelected watershed

The presentstudy applied AGWA-SWAT model to predict
and obtain the general hydrological behavior FmiArid
Region in ungauged watershetb achieve the watershed
efficient management through sustainable development an
planning for water resources

Khassa Watershed is located in the northeast of Iraq on
Khassa Chai River, 10 km northeast of Kirkuk City. The
Khassa Chai River is a tributary of ZaghitRiver, whichis
flowing into the existing Adhaim Dam reservoir.

The Global Mapper version13 utilitgpplication is used to
obtain the general topographic description and analysis for
ghassa watershed and the majority of the catchment area as
Shown inFig.1.
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Figure 1. Khassa Watershed Locatiand 3D analysis topographic description

AGWA Model which is broken out intosix major steps: 1. Watershed
delineation 2.Parametesstimation 3. Generationof rainfall
input 4.Model executiorb.Changenalysis 6.Model execution

gi];rlljrllaetzorrrgggIrt]sTLheemggglstfgcr)rlzartrlgr]\u gaﬁgﬁashlg\f the and visualiation and comparison of resulfBhe sequence of
stvtaps in the use &{GWA is presented in Fi@.

orders of necessary tasks to conduct a watershed assessméen

The AGWA modelis designed to lead the userargradual
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WATERSHED l DEM proc‘e.ss.ing, watershed delingation,
and subdivision of the watershed into
DEL[NEAT[ON 1//,1 model computational elements
P Deriving relevant hydrologic parameters
ARAMETER 5 ”
= from land —cover and soils data using
Z ESTIMATION ZAI providing (editable) look up tables
1]
=
8 GENERATION Multiple options for both KINEROS2 and
SWAT using provided and readily available
g OF RAINFALL National Weather Service (NWS) products
7)) INPUT
[a]
|11 MODEL Building model pfﬁrameﬁer fil.es, rur?ning
a ol | the models, and importing simulation
(1)) EXECUTION ‘,/_1 results
x
1]
= Differencing results from multiple
< CHANGE inecencing _ P
; simulations based on different land-
ANALYSIS £ cover or rainfall data to evaluate change
RESULTS N_Iappin'g the : m.:tput ‘of ‘mo.d.el
simulations to visualize spatial variability
VISUALIZATION ’Z’l and identify problem areas

Figure 2.Sequence of Steps in the use of AGWA for hydrological modelling

Modeling Khassa watershed using AGWA- B. Satellite Data.

Preparing the raw data These data include data of Landsat satellite for land cover
classification elements and digital elevation model DEM to
extract the variables data of sub basia shown irFig. 3.

The required data must be provided on a daily basis for

SWAT model, which give the possibility to predict results

A. Climate.

simulation on daily, monthly and annual bagiscording to C. Soil Data. The soil map prepared by the Food and
this Kirkuk, climatological station waselected to collect the Agriculture Organization (FAO), one of the United Nations
daily climate data records for the period (120D0). organizations is the latest classification system and compatible

with ArcGIS as shown in Figd.

3264



International Journal of Applied Engineering Research ISSN-@862 Volume 13, Numbe (2018) pp.32623271
© Research India Publications. http://www.ripublication.com

44°30°0°E 44°35°0°E 44°40'0"E 44°450°E 44°50'0"E 44°300°E 44°350°E 44°40°0°E 44°45'0°E 44°50'0"E

T Ty T Tyt T A A | e B Y

4 N | 1N
| T 177 % rz
=) = = 1 :Q
S| o 3 mS
2 | E R EN L3
= =B rz
= = =) =
o = - o= =
e ] |E] =
= = £l =
E- -;g ?:- ¥ -;c',
=3 L 3 FAO SOIL B

Calcic Xerosols
[ 012825 5 75 10 |:|
- L i i Gypsic Xerosols |
T T T T T T T T T T T T T T T —0 T T T T T L. B LA L R T T T T LA N L |

44°30°0"E 44°35°0°E 44°40'0"E 44°45°0"E 44°50°0"E 44°30°0"E 44°35°0°E 44°400°E 44°45°0°E 44°50'0"E]|

— - —

Figure 3. Digital ElevationModel (DEM)
for study area

Creating the database

Databases are the bank of information in the form of digital

Figure4. Soil classification of the study area
using theHarmonized World Soil DatabadeAO

Mercator (UTM) projection caalinates of geographical

extension in order to accept them by AGWA model.

schedules and ardesigned through aeries of distribution ADer i vati on of the hydrologi
maps for AGWA extensions outputs. basins
AGeometric correction of spatial data and soils map
This type includes geometric correction process for spatial
data and soil map, it is converted to Universal Transverse
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Figure 5.Water network derivation by the
ArcGIS program

Figure 6. Distribution ofsub basins in the main
watershed
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This process is accomplished using a digital elevation modefCreate the land cover map and reclassify according to
(DEM) and derivation for water network is obtained by the (AGWA) model to estimate curve number (CN)
ArcGIS program as shown in Fig.5 and developing the subParameters

basins through the discretization option in AGWA as shown
in Fig.6 the watershe@rea divided into (26) sub basins,

according to the homogeneity of the hydrological properties
morphometric, hydrological transaat and properties of the

Land cover classification was based on the satellite Image
(Landsat TM)and takenon 06.03.2009 through the Erdas
'V8.4 program by using the orientethssification, and has
been building color land cover layer of the beam (7,4,2 RGB)

soil. . - :
and adopted as the basis for isolating landecotypes
dominant in the regioas shown in Fig.
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Figure 7. Distribution of the types of land cover for Khassa Chai watershed
Model Results - mentioned edier, so the precipitation is distributed uniformly

SWAT model is watershed scale model developed to predicPn the Khassa Chai catchmanéa.

the impact of land management practices on water andd Evapotranspiration
sediment on large complex watersheds with varying soils,
land use, land cover, and management conditions ove
extended time scale (Miller et akp04). The advantage of

this tool which uses all the data that have been incorporategvaponanSp'rat'on (BT The first one was based on solar

except rain storm data is wide range of hydrologic results a{sadelzcthOCVhaillg d thaelzr St:gﬁ(ejr?;lgtﬁ’oéegt(')vetezutrrr]"ed';ér:g'dvavr\ggges
the level of basins and channels. peed, P

except wind speed, and the third adopts the air temperature
A Precipitation only (Neitsch et al.,2005).The model resusisow that the
?nnual evapotranspiration amount increases inntirtheast
rt of the watershed i.e. sub bagiNs. 2 and 4asshown in
ig.8.

WAT model depends on three methods (Penianteith,
riestleyTaylor and Hargreaves) to calculate the

The inputs of precipitation data depend on the existence o
several observation stations, since the study area devoid
climatic stations and the basic dependence is on 8Gadata 6
of daily precipitation data from Kirkuk climate station as
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Figure 8. Annual Evapotranspiration rate distribution in the sub watershi
A Surface runoff SWAT model depend on two methods to calculate runoff, the

SCS (Soil Conservation Services) method and Gheapt
Tnfilration method (Neitsch et al., 2005). The model results
showthat the signifiedamount of annual surface runagfin
both sub watersheds (No. 2 and 4) as shown i9.Fig

Surface runoff occurs when the rate of precipitation exceed
the rate of infiltration and it is influenced by a seffadtors,
which are rainfall intensity, soil moisture and permeability.
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Figure 9. Annual Surface Runoffistributionin sub watersheds
A water Yield depends on SCS method in calculation of annual water yield

Water yield means the runoff from the drainage basin,rate'

including grounewater outflow to the stream pluground SWAT model outputs annual water yield rate that consists of

wateroutflow that bypasses the gaging station and leaves théwo levels, whichare the sub watersheds attceams. For sub

basin underground. Water yield is the precipitation minus thewatersheds itsi clear that the sutvatersheds No. (3and 12)

evapotranspiration @ngbein et al., 1995). SWAT model are most productive as shown in Bi@ and for the streams
level the results is shown in Fid.
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Figure 10 Annual water yieldlistribution in Figure 11 Annual water yieldlistribution in
sub watersheds Streams
APercolation value of percolation has been revealed in the sub basins (No.

It is the process of water enterina and percolating to th 3, 7,12, 14, 22 and23), as a result of the terrain severity and
P 9 P 9 ethe role of fissures and cracks in the rock formations, as well

subsurfa}ce down to the water t_able. SWAT caIcuIatc_es th(]‘aas the distribution of the formed depression phenomenon due
percolation for each layer of soil, according to a series o

equations (Neitsch et al., 2005). As shown in thelRigigh to the highenergy of water.
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Figure 12. Annual Percolation depth distribution in Sub
Watersheds
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Figure 13. Annual Transmission Lossésstribution in Sub Figurel4. Annual Transmission Losses
watersheds distribution in streams

A Transmission Losses A water Discharge

Many arid and semiarid watersheds have ephemeral channe®WNAT model calculates the annual rate of water discharge in
that obstruct large quantities of stream flow. The obstructionan3/day according to the topographgnil type, land cover,

or transmission losses reduce runoff volume as the flood wavevapotranspiration, water yield, transmission losses and 30
travels downstream (Neitsch et al., 2005). The model resultyears of daily climate as shown in Hi§. The annual rate of
showthat the annual transmission loss distribution increaseswater discharge for Khassa watershed was (249782.40)
in the north east part of the watershed i.e. sub basin No. (4) Asi¥/day.

shown in Figl3 and for the streams level the results is shown

in Fig.14.
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Figure 15. Annual water discharge distribution in sub
watershed Streams
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A Sedi el d

There are two types of sediment yield results (degradation an
deposition), the first one is for sub watershed and representet%
by units of (ton/ha) and the secons for channel and
represented by units of (tgnsSWAT model apply Modified
Universal Soil Loss Equation (MUSLE)o calculate the

ment Yi the peak runoff rate (#fs), A is the area of the suibgion in
m?2), K is the soil erodibilityfactor (netric ton mhr/ (m?-
etric toncm)), C is the cover and management factor, P is
e support practice factor, LS is the topographic factor and

CFRG is the coarse fragment factor (Williams, 1995).

As shown in Fidl6 for sub watersheds an#ig.17 for
sediment yieldThe modified universal soil loss equation is:  channels, the sub watersiid. 4)is highly erosive and more

0.56 productive for sedimentations. Channels in mainstream closer
Sec11.8 .(Qurr GpearA)™K.C.P.LS.CFRG to the reservoir have a higher potential for sediment transport
WhereSedis the sediment yield on a given day (metric tons), to the reservoir site with annual rates equal to (2.23x%0.
Qsurtis the accumulated runoff or rainfall excess (Mmpads
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Figure 16. Annual Sediment Yield in $uWatersheds Figure 17. Annual Sediment Yield in Streams

Model Verification Table 1. Mean Annuainflow and Sediment Inflow(after

MOWR, 2007)
311040 n¥day

According to available data and researches for Khassa

watershed there are no records for hydrological observed datgean annual
which classified the study area as ungaugedershedwe water discharge
will focus in the conclusions of study on thelues of annual
rates of water discharge and sediment yield as pethm

rate of

available prediced values for Khassa Chai dam planning | Mean Annual Sediment| Suspended 0.369 million
report (MOWR, 2007) which is located in the bottom outlef |nflow Sediment tons
south ofthe study area.

- ) ) Bed Load 0.074 million
The ability of the model to predict tted water discharge for tons
Khassa watershed is (249782.4F)day is close to predicted __
value comparedfrom the Khassa Chai dam planning report Total 0.443 million
(MOWR, 20079 as shown in Table (1and the annuamount tons

of sediment vyield is(2.24x1G) ton is considered weak
compared tdhe same planning report.
CONCLUSIONS

AGWA model simulation forthe general hydrological
behaviorof Khassaungauged watershed depends on 30 years
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