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Abstract

Lesser Zab is one of the most important tributaries of Tigris River. During the
last few decades, the streamflow significantly decreased for long periods fol-
lowed by extensive flood in short periods. This study aimed to quantify the
impact of climate change on streamflow at Dokan Dam until year 2050 using
SWAT model based on the scenario of medium emission (A1B) and five cli-
mate projection models. SWAT run using Climate Forecasting System Rea-
nalysis (CFSR) was used as weather input data then calibrated and validated
on monthly time step for the period from 1980 to 2013 with Nash-Sutcliff Ef-
ficiency (NSE) of 0.73 and determination coefficient (R2) 0.73 for calibration
processes. The data of this period is more reliable. The result indicated to a
significant decrease on the projected streamflow until year 2050 with average
streamflow for the six climate models of 167 m*/sec in past compared with
the observed streamflow of 176.5 m?*/sec for the base period (1980-2013). In
addition, the study shows that most runoffs come from Iranian part of the
Dokan Dam Watershed with 65% of total simulated runoff. It is highly rec-
ommended to improve the efficiency of water using for current and future
water projects to meet the expected water shortage.
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1. Introduction

The increased concentration of greenhouse gases in the atmosphere leads to a
significant change in climate [1]. The hydrologic pattern will be affected by this

change in climate. For natural conditions, climate can be changing in specific pat-
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tern trend. However, during the last century, a rapidly changing has occurred in
global climate that presented by increasing in surface air temperature and de-
creasing in precipitation volume. The climate change may lead to unexpected
impacts on the characteristics of watershed hydrology like evaporation, stream-
flow and sedimentation. The natural conditions and human activities are the es-
sential cause of this rapid chaining [2]. The climate change in hydrology can be
addressed as long period of drought followed by extensive flood in short term
period [3]. The prediction of climate change impacts in hydrology is related to
the method of climate change estimation such as scenarios of greenhouse emis-
sion, downscaling method and general circulation model (GCMs). The uncer-
tainty can be eliminated using multiple emission scenarios, GCMs and downscal-
ing methods [4] [5] [6]. The uncertainty in the estimation of future climate is a
major restriction to strategic planning for future projects related to hydrology
[7]. Therefore, the prediction of watershed hydrology could explicate the result
of multiple feeds of hydrologic model.

During the last few decades, Iraq faced extreme climate events represented as
severe drought recorded between 2007 and 2009 followed by heavy rainfall oc-
curred in a few months in southern parts of Iraq with almost two times of nor-
mal records [8]. Admo et al. [9] applied six General Circulation Models (GCMs)
in SWAT model to investigate the impact of climate change on water resources
of Tigris River under three scenarios of future climate change which are A2, A1B
and B1 of highest, medium and lowest. They summarized that the precipitation
will decrease in overall five tributaries (Khabour, Greater Zab, Lesser Zab, Adhaim
and Diyala) of Tigris River Basin, at the same time meaning the surface and ground
water will decrease as the reflection of increasing temperature and decreasing in
precipitation. It is recommended to investigat the impact of climate change for
each tributary alone. Abbas ef al [10] used SWAT to quantify the impact of cli-
mate change in Lesser Zab River, they indicated that the blue water will decrease
by the range from 8% to 43% in 2046. In addition, the green water will decrease
by 5% to 24% in 2046 under A1B scenario. Abbas et al [11] explored the rela-
tionship between climate change and its impact on water resources of Tigris
River tributaries using SWAT model. The results showed that the precipitation
will be reduced by 12.6% and 21% in the period from 2049 to 2069 and distant
the period from 2080 to 2099 futures, respectively under RCP8.5. Consequently,
the blue water will decreases by 22.6% and 40% under RCP8.5, 25.8% and 46%
under RCP4.5, and 34.4% and 31% under RCP2.6 during the periods from 2049
to 2069 and 2080 to 2099, respectively. Ali et al [12] used Sen’s slope and the
Mann-Kendall test to assess the streamflow trend of Lesser Zab River for the pe-
riod 1964 to 2013. They indicated that stream flow would decrease by 5.09
m’/month in April and 1.06 m’*/month in November with annual rate of de-
creasing 1.9 m*/year. Wasimi et al [13] also used SWAT model to show the im-
pact of climate change in Tigris River for mid-term and long-term period from
2049 to 2069 and from 2080 to 2099, respectively. The result indicated that the
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Adhaim and Diyala Rivers (near Lesser Zab River) will face serve drought in fu-
ture, also, they refer to the ability of mitigation and adaption of climate change
reflections. Abbas et al [11] investigated the impact of climate change in Iraq,
firstly, the study investigated the capabilities of five hydrologic models which are
SWAT, CREAMS, WEPP, AGNPS, and EUROSEM. SWAT was selected model
as the high capabilities in water resources and climate change modelling. Zekai
Sen [14] studied the runoff estimation in upper Tigris River in Turkey under
impact of climate change, the researcher used spatial dependent function for fu-
ture scenario of precipitation projection at ground weather stations also, the study
employed GCMs of A2 scenario in runoff modelling. The result of this study
showed that precipitation will decreased into 12.5% by year 2021 and 26% by year
2030. In addition, the runoff will decrease into 30% after year 2040. Ministry of
Foreign Affairs, Netherland (MoFAN) [15] reported the climate change projec-
tion by 2050 in Iraq: increasing in mean annual temperature by 2°C, more heat
waves, decreasing of rainfall by 9% especially in winter and decreasing in average
runoff into 22%. Also MoFAN indicated to the impact of this changing in cli-
mate will reflected into: long drought period, increasing in flood occurrences
and more desertification.

All research work concerning climate change on the Middle East region suggests
that there will be reduction in the flow of the rivers. However, no detailed analysis
on all rivers was given. This study, aimed to quantify the impact of climate change
represented by precipitation and surface air temperature on the streamflow in
Dokan Dam Watershed using most popular climate models named gfdl cm2_1.1,
giss_model_e_r.1, cnrm_cm3.1, mri _cgcm2_3_2a.l, miub_echo_g.1 and

bceer_bem?2_0.1 were applied in t [16].

2. Materials and Methods
2.1. Study Area

Lesser Zab originates in the north-eastern part of Zagros Mountain in Iran
(Figure 1). The Lesser Zab watershed of 19,780 km” in area divided in to three
parts, the upper part is located up stream of Dkan Dam, this part consider most
contributed part of streamflow, the middle part located between Dibas Barrage
and Dokan Dam, the lower part located between Dibas Barrage and joining of
Lesser Zab with Tigris River. This study, focused on the upper part of Lesser Zab
named Dokan Dam Watershed (DDW), which located extended with Iraq-Iran
borders between latitude 36°51'16"N to 35°28'26"N and longitude 44°26'25" E to
46°18'16"E with total watershed area 11,600 km* (Figure 1). The average annual
flow volume of DDW is about 6 Billion Cubic Meter (BCM) which consider
about 77% of the total average annual flow volume of Lesser Zab. The tempera-
tures limits in DDW from, minimum -12°C in winter to maximum 48°C in
summer [17]. In winter, a significant amounts of snow. The region is affected by
wind in almost, due to the mountains that surround it. To the north, there are

Goizha Mountains and to the south the Chwarta. Annual precipitation along the
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Figure 1. Location map for the study area.

course of the Lesser Zab diminishes from over 965 mm in the Iranian Zagros to

less than 200 mm at the confluence with the Tigris.

2.2. SWAT Model

SWAT is semi-distributed physically model developed by United States Depart-
ment of Agriculture-Agricultural Research Service (USDA-ARS) to quantify the
impact of land management on streamflow, sediment and chemical yields in
large complex watersheds with different soils, land cover-land use (LCLU) and
management conditions over long periods of simulation [18].

SWAT simulates the hydrologic processes in a watershed in two independent
components. The first phase is the land phase of the hydrological cycle and the
other is routing phase of hydrologic cycle. The first is balanced the amount of
water, sediment, nutrient and pesticide loadings to the main streams in each sub
basin, and the second defines the movement of water, sediments, nutrients and
organic chemicals through the channel network of the watershed to the outlet. A
water balance model is simulated in the land component of SWAT [19]. SWAT
divided the watershed into sub basins based on watershed topography, a further
subdivision of sub basins into hydrologic response units (HRUs). Each HRU
have unquiet have similar slope, LCLU and soil. The runoff estimated separately
in each HRU and routed to the streams to obtain total runoff from the watershed
[18]. SWAT balanced the water storage in each HRU based on the Equation (1).

SWt:SWO‘}'Zt:(Rday_qurf'_Ea_VVxeep_ng) (1)
i=1

where: SWt is the water content in soil (mm), SWo is the initial water con-

tent in soil (mm), ¢ is the time (days), R, is the precipitation amount (mm),

day
Qsurf is the surface runoff (mm), E, is the evapotranspiration (mm), W,
is the water stored in vadose (mm) and 0,, is the return water from ground to

surface (mm).

2.3. Input Data

The following input data were applied into SWAT:
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The Digital Elevation Models (DEMs) from Shuttle Radar Topography Mis-
sion (SRTM) SRTM dataset of 90 m (3-arc-seconds) spatial resolution were used
for watershed delineation, stream extraction and sub basins calculations accord-
ing to the DEM-based method provided by SWAT.

The Moderate Resolution Imaging Spectroradiometer (MODIS) is a key in-
strument aboard NASA’s Aqua (EOS PM) and Terra (EOS AM) satellites. The
MODIS Land cover type product is produced using supervised classification al-
gorithm of International Geosphere Biosphere Programmer (IGBP) classifica-
tion, which is estimated by using database of good quality LC training sites. The
training site database was selected using high resolution global images in merged
with auxiliary data [20]. The MODIS land cover for the year 1992 of 500 m spa-
tial resolution was applied in SWAT for DDW modeling.

The soil data were obtained from the global soil dataset of the Food and Agri-
culture Organization of the United Nations [21]. FAO provide data for 5000
types of soil comprising two layers (0 to 30 and 30 to 100 cm depth) at a spatial
scale of 1:5,000,000. Soil chemical and physical properties such as available water
content, soil texture, hydraulic conductivity, organic carbon content and bulk
density for different layers of each soil are available in the FAO soil database,
these database was added to SWAT database and lookup tables was prepared for
soil classification in SWAT.

The Climate Forecast System Reanalysis (CFSR) dataset consists of hourly
weather forecasts produced by the National Centers for Environmental Predic-
tion (NCEP). Forecast models are updating every six hours (at 00:00, 06:00,
12:00 and 18:00 UTC) using information from the global weather station net-
work and satellite derived weather data. At each analysis hour, the CFSR consists
of both the forecast data, estimated from the previous analysis hour, and the data
from the analysis applied to update the forecast models. CFSR provides weather
stations in 38 km horizontal spatial resolution. CFSR provides weather require-
ments such as precipitation, maximum and minimum temperatures, relative
humidity, solar radiation, and wind speed that used in SWAT for runoff simula-
tion [22].

The daily observed streamflow at Dokan Dam gauge station provided by Iraqi
Ministry of Water Resources (MoWR)—The National Center for Water Re-
sources Management-Baghdad for the period from 1/1/1980 to 31/12/2013. The
flow within this period is dependable due to the fact that no major hydrological
structures were constructed.

For this study, ArcSWAT 2012 connected with ArcGIS 10.3 was used spatially
processing of input data and streamflow simulation based on past and future
climate. All spatial input data were projected to WGS1984_UTM_Zone38_N.

The watershed delineated according to DEM based method into 35 sub basins
with threshold sub basin area of 2000 ha. Then the LCLU and soil data were de-
fined to SWAT database and the slopes classified into four classes (0 - 10, 10 -
20, 20 - 30, and >30). The surface runoff was predicted by modified Soil Conser-
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vation Service curve number equation (SCS-CN), the Penman-Monteith method
for estimating potential evapotranspiration (ET). All other processes were kept
on default setting of SWAT model (Figure 2).

2.4. Calibration and Validation

SWAT Calibration and Uncertainty Programs (SWAT-CUP) is an automatic ca-
libration program developed by (Abbaspour) especially for SWAT model cali-
bration, validation and sensitivity analysis processes.

The SUFI-2 algorithm maps all uncertainties (parameter, conceptual model,
input, etc.) on the parameter ranges and tries to capture most of the measured
data within the 95% prediction uncertainty (95PPU) calculated at the 2.5% and
97.5% levels of the cumulative distribution of an output variable obtained through
Latin hypercube sampling. The goodness of fit and the degree to which the cali-
brated model accounts for the uncertainties are assessed by two indices: R factor
and P factor. The P factor is a fraction of measured data bracketed by the 95PPU
band. The P factor varies from 0 to 1, where 1 is the highest value, that is, 100%
bracketing of the measured data. The R factor is the average width of the 95PPU
band divided by the standard deviation of the measured variable. A value less than
1 is reported to be desirable for this parameter [23]. These two indices can be used
to judge the strength of the calibration. A larger P factor can be achieved at the
expense of a larger R factor. Hence, often a balance must be reached between the
two. When acceptable values of R and P factors are reached, then the parameter
uncertainties are the calibrated parameter ranges. SUFI-2 allows usage of differ-
ent objective functions such as R2 or Nash-Sutcliff efficiency (NSE) [24]. In this
study, we used NSE and PBIAS (Moriasi et a/. 2007) for discharge and root mean

square error for crop yield [25].

3. Results

The result of watershed modeling showed of 35 sub basins and 826 HRUs for
entire DDW. For the MODIS land cover, the DDW includes the land cover class
is listed in Table 1. The pasture occupied approximately 57% of total land cover
followed by agricultural land with 31% of total watershed area.

MODIS LC & ™ FAO soil

SRTM DEM Classes Classes

s\ water
value = FRSE E E:g(ck-bc
1 =t FRS
High: 3578 —~ = Re Xk
| PAST X
== Low: 421 wALFA \ Vcl-3a
=vAGRC 1 Ve50-3ab
= URHD m Xh31-3a
=JAGRR = Xh33-3a
wIBARR

Figure 2. Input data for SWAT model.
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Table 1. The MODIS land cover types for DDW.

Land cover-use Legend Percentage %
Forest-Mixed FRST 10.23
Agricultural Land-Close-grown AGRC 31.21
Residential-High Density URHD 0.23
Water WATR 0.77
Barren BARR 0.19
Pasture PAST 57.35

Table 2 shows the calibrated parameters and the rank of each one based on
the sensitivity analysis. The SCS runoff curve number parameter is the most sen-
sitive parameter for DDW followed by groundwater delay. According to sensi-
tivity analysis processing by SWAT-CUP, the snow parameters (parameters with
ranks 7 to 10) show a significant sensitivity in DDW this is because most of par-
ticipation that fall in watershed in snow mode especially winter.

The result of calibration shows a good correlation between observed and si-
mulated with NSE and R2 of 0.73 for both and P factor and R factor of 0.85 and
1.04, respectively (Figure 3). In addition, the validation process also showed
good correlation with NSE, R2, P factor and R factor of 0.7, 0.71, 0.82 and 0.9,
respectively. This result is considerable as indicated by [26] where the NSE
greater than 0.5 the simulation is satisfy while a good simulation could be consi-
dered if NSE greater than 0.75.

The spatial distribution of streamflow sources shows the Iranian part of DDW
contributed by 65% of total streamflow flow recorded in Dokan Dam.

The impact of climate change shows that the streamflow will significantly de-
crease for all six-climate models with significant decreasing in March and April
as shown in Figure 4. The gfdl_cm2_1.1 shows most decreasing in streamflow
with average future discharge 250 and 209 m*/sec in March and April compared
with 400 and 415 m?/sec in the past. The miub_echo_g.1 model shows highest
prediction for future streamflow among other five models with approximately
the same streamflow for months from October to January while, the decreasing
in predicted streamflow for months from February to April. The giss_model_e_r.1,
mri_cgem2_3_2a.1 and beer_bem?2_0.1 models show almost the same pattern in
future prediction with SWAT model.

The average annual streamflow for all six models is shown in Figure 5. The
figure indicated to a significant decreasing in streamflow until 2050 with about
167 m’*/sec compared with 176.5 m?/sec of average annual streamflow recorded
for the period from 1980 to 2013.

This decrease due to climate change should be seriously considered. Decision
makers are to put a prudent plan to minimize the effect of this reduction of the
flow. Perhaps modern irrigation techniques are to be implemented as well as
augmenting water using water harvesting projects and wastewater treatment and

reuse techniques.
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Figure 3. Result of calibration and validation.
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Figure 4. The predicted streamflow for future.
Table 2. The calibrated parameters of DDW.
Rank Parameter Description Initial range
1 r__ CN2.mgt SCS runoff curve number -0.5t0 0.5
2 v__GW_DELAY.gw Groundwater delay 0 to 400
3 v__ALPHA_BF.gw Base flow alpha factor -0.5t0 0.5
4 r_ GWQMN.gw Thr.eshold dfepth of water in the shallow 0to1
aquifer required for return flow to occur
5 r_ GW_REVAP.gw Groundwater “revap” coefficient -0.5t0 0.5
6 ¢ REVAPMN.gw Threshold} depth Sf wate”r in the shallow 051005
aquifer for “revap” to occur

7 v__SFTMP.bsn Snowfall temperature -0.5t0 0.5
8 v__SMTMP.bsn Snow melt base temperature —10to 10
9 v__SMFMX.bsn Maximum melt rate for snow during year —-10 to 10
10 v__SMFMN.bsn Minimum melt rate for snow during the year 0to 10
11 r__ESCO.hru Soil evaporation compensation factor —-0.51t0 0.5
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Figure 5. The average annual streamflow in the past and future.

4. Conclusions and Recommendations

In this study, SWAT is implemented successfully in Lesser Zab River to predict
the future impact of climate change on streamflow. The CFSR weather data are
considered as the reasonable source for weather input data especially in ungagged
watersheds or for watersheds of missing weather data. The calibration process
showed that the snow parameters have a significant sensitivity in DDW so it is
recommended considering these parameters in future modeling. The study shows
a decreasing in future streamflow for DDW from 176.5 m’/sec in past to 167
m’/sec. It is recommended using other climate models with other scenarios of
greenhouse emission to see the effect of climate change on the area. In all cases,
no matter what the exact reduction of the flow is, prudent measures are to be
taken to minimize the effect on the population of that area and agricultural and
industrial activities. New non-conventional water resources techniques and us-

ing modern irrigation methods can greatly help to overcome the problem.
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