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Extended Abstract
Introduction

Runoff is an important hydrological component in the assessment of water resources. Most water resource
applications rely on runoff as an essential hydrologic variable. The hydrology of watersheds is influenced by many
factors, including climate change. Watershed discharge estimation is an important step in surface water resources
planning and management, especially in watersheds that lack data. In this study, due to the uneven spatial
distribution of meteorological stations in the study area of Takab, satellite images and products were used to
evaluate the possible effects of climatic factors, including rainfall and temperature on runoff. Therefore, in the first
step to analyze rainfall and temperature changes from 1998 to 2020, TRMM and FLDAS satellite products,
respectively, were evaluated using different statistical criteria with Takab synoptic station data to ensure their
accuracy and suitability as inputs for hydrological models such as the IHACRES model. In the second step,
considering that the selection of the rainfall-runoff model requires knowing the capabilities and limitations of the
hydrological models of the watershed, which depends on access to various watershed parameters. However, , a
model should be used that provides reliable results despite limited inputs.

Materials and Methods

The Takab Watershed is one of the 25 sub-watersheds of Lake Urmia, located south of this watershed. The only
permanent and significant river in this watershed is the Sarogh Chay River, which is the longest river in the area.
In this study, the non-parametric Mann-Kendall and Sen’s slope tests were used to analyze the trend of rainfall
and temperature changes. Subsequently, the IHACRES model was used to simulate the river discharge using
temperature and rainfall data from satellite products. Additionally, in this study, the IHACRES model was used to
predict runoff generation under the influence of climate change and evaluate different climate scenarios. This
model is an integrated conceptual model for rainfall-runoff simulation. The IHACRES model has always been of
interest due to its low data requirements and high accuracy in runoff estimation. For this purpose, this study used
the Intergovernmental Panel on Climate Change (IPCC) Representative Concentration Pathways (RCPs) scenarios
(RCP4.5 and RCP8.5) for projections up to 2100. To evaluate the IHACRES model, the determination coefficient
(R?), Nash-Sutcliffe efficiency coefficient (NSE), root mean square error (RMSE), and bias error (Bias) were used
during the calibration and validation periods.

Results and Discussion

In the first step, the analysis of the rainfall data of the Takab Watershed showed that the highest amount of rainfall
occurs in April, March, and November, respectively, which together accounts for approximately 45% of the total
annual rainfall of the study area, with estimated values of 53.1, 40.4, and 39.6 mm per month, respectively. Also,
the highest and lowest average temperatures in the region occur in July and January, respectively, with
estimatedvalues of 24.2 °C and -3.4 °C, respectively. In the second step, the simulated discharge results from the
RCP2.6 scenario indicated that the greatest increase in discharge in the future for the Takab study area was
estimated for December, November, and January. Similarly, under the RCP8.5 scenario, the highest increases in
future discharge were projected for August, July, and January, respectively. According to the results, according to
the RCP2.6 and RCP8.5 climate scenarios, the predicted average annual discharge was 8.3 and 1.5 cubic meters
per second, respectively. The model evaluation parameters for the IHACRES model during the 14-year calibration
period were calculated as follows: R? = 0.82 and 0.80, RMSE = 1.4 m3s, and Bias = 0.42. Similarly, during the
validation period, these values were calculated as R? = 0.71 and 0.68, RMSE = 4.7 m3s?, and Bias = 0.1,
respectively.
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Conclusion

The results of the present study showed that the watershed has been affected by increasing temperature and
precipitation trends during the statistical period. The results of the trend analysis and satellite data evaluation were
compared with and confirmed by previous research. The IHACRES model simulation results demonstrated that
this model has a strong ability to simulate watershed discharge and is consistent with the results of other studies.
However, while the model performs well for the low-flow conditions, it struggles with accurately simulating peak
discharges, as noted in several studies. According to the RCP2.6 scenario, the predicted discharge for the future
period is expected to increase compared to the baseline period. The annual discharge changes rate under this
scenario was calculated as +19.4%, which can be attributed to an increase in average rainfall, a reduction in
greenhouse gases, and relatively stable temperatures in the future. However, according to the RCP8.5 scenario, a
decline in river discharge was projected compared to the baseline period. The annual simulated discharge change
under this scenario was estimated as -1.68%, resulting from increased greenhouse gas emissions, higher
temperatures, and notable decrease in rainfall. One of the major consequences of this scenario would be a shortage
in the timely supply of agricultural water and a significant reduction in food security.
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Figure 1- Location map of the Takab watershed
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Figure 2- The general structure of the IHACRES hydrological model and the approach used in the present study



1AL 5 1VA Ol I E0 € JUo o) 5,lows <0 593 S5 g Of Cag prte 5 (55 lurdibo dy i /3], Kot 5 o2l AT

X = XP + X ()
Xl(cq) = —aq.X,({q_)l + 54 (M)
X = —a XS+ By ('y)
I W

7 In (—ay) (")
T,=— i

S 11’1 (_as) ( )

oy g b =Y
lod 9 (0L w9, -V
Sloj wlie ;3 TRMM 5jleale V dseus 51 o)L (sleosls
3y90 Ss39y9 b gl el (il 8y93 JS (sl ailale
3058 y9ole 5 5250,k (slmosiotim syl yd salatuwl
Sl o)l wlidlgn 5 Ol S50 lagughl 5 sie
N ewess ey 25 w8l g o)l onas il (GPCC)
—o3l> pled pliof ) polaiods 3,5 oo )] 3 oolital 3)50 (31
Jde LB o Sldlas 8dguwe DEM aids 1 o,k sl
s by gbeodly (gly pezmen b dlain] Siom SoS
A o3zl FLDAS (glo laale cule ML

bl g ()b shoylgale SleMbl JyuS 5 (ow)p ca
= 2hlS coys (R?) oy cops 3l Slhnlie claodly
J5 sl (RMSE) 13 Clayye (ks 5 (NSE) il
Wlale sla julbie o obj,l opl a8 .05 48,3 0,00 &bl 5y90
@l Glae (85 )8 Jlod g 4325 3)90 AVl 5 (Juad
893 S 50 )b alale slwodls (cly polie oyl sdalcowsay
3 et b D9l FIV g <IVe VA Cga )bl
VIY 5 IAY AN Jolee Cuipts 50 lod ddlie ogqas
g had Sboj slaosl (gly 308 polde puizmen i duole
ol 0dd 1Y Jods 50 VYl

Slojlanle SleMbl Lod g 5,k (slaodls bl L sllas
Sl (Y USS) Ol awliblen oS! (glaoaly |
i blie o (dlojloale cleMbl polie wos 5,Sles
Lol 0l (5 S 03l0]

5l ool (sl pite cim b gy 4 IHACRES Jua
Lol canlio S350l slrojes 4o ooltwl gl oS 5yl
Logey o & 350 9 Jold ¥ JS5 3k Juo (nl (wioeen
Jetss 5 Sl dlore (gl i o ol (ad g (s 8
sl Ui cwl ead s sy a5 bl
Py ok a4 (1) K glej &L 1) ()b IHACRES s
39)50 O Jl ps By 4 plomilyw o8 3lile (31 o ()
ol 4 S oo s (35u] B3> o9 il s (1553 L)
g pgd s )3 D9 oo AL O sy plgis b iy
Ol @ o il (2ly SS9 paa b) (b fas b S
@ o0l Jts plate 4 9800 iaw (Hpe) 0ad (sileJie
(Si) Sily> Gy cups S (V) Ay 3 S50 (Sl
izshy s by 51 (Ye et al., 1997) g o o3litul
b oS 035 el 83> 0 (55 5 5 3l b sl Bj

9dcen oo (A) 5 (V) sladlad 51 oslial

Uk = Sk Tk (0 < Sk <1) (v)
1
skzc.rk+(1—m).sk_1,sozo ()

Ty (te) = 7, €20UEO r (t)>1 (3)
() Aoy o 1y S Lasls e T (6) (V) a5
ARl o8 w8 o S8 Bl o Gl (23 oS ol
f g poul 890 i Sis Sloy ol Ty @ po slod b

el g o o by 5 o>y 55518
> &S 9 o0 e 1095 4 C el ((A) Ay
23,5 LSy (oriely 893 55 (Slualie Uy, 5 e (S0
aw hls & (b ise) Sllgy 4 5e (b s e
0D gy Sl Ao 93 oS 5l sl Tq 9 Ts Vi el
48 350 X Uy W 4 e 2 il Bl

Py e dpwlxa (W) B (V1) sladal,
sl @y by Sloj ol s 54 B g g o 12 &S
5 48 ol dnl by Sloj ol o5 s g @ inan

(Yeetal., 1997) 595 oo amloes (VF) 5 (VW) (sloalayl,



AY e 51 fgplo CHASMB! 51 itan Uy~ (55l (S olg e (8l

Ye¥e G Sloj a3L 10 owlilgd alKiwy! Jlaaliv Waald b bd g (i, slo,lsale leWb d,lo? Julos g 4500 Y Jgas
Table 1- Statistical analysis of precipitation and temperature satellite data with the observation data of the meteorological station in
the period from 1998 to 2020
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Figure 3- Scatter plot of precipitation and temperature values extracted from satellite data with measured values
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Figure 4- Comparison of average monthly rainfall and temperature values for Takab watershed obtained from satellite data for the
statistical period and climate change models for the future period
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Table 2- Trend of precipitation and temperature changes in the meteorological station from 1998 to 2020 (*: 5% significance level)

(515 sl 4> 53) Lod

(R0 o) )k

TestZ Sig. o) TestZ Sig. 0 sles b9
0.63 0.03 -0.11 -0.12 4ol5
0.30 0.01 0.58 0.25 )98
-0.09 -0.00 0.49 0.33 oole
-0.40 -0.03 -0.07 -0.09 Jﬁﬁ
0.54 0.02 -0.30 -0.18 P
138 0.04 -1.08 0.01 593
2.20 * 0.06 0.44 0.00 4595
1.00 0.04 -0.11 0.00 gl
1.33 0.04 -0.29 0.00 roligun
-1.00 -0.05 1.35 0.74 w81
0.54 0.02 151 1.12 yeolgs
-0.35 -0.02 0.25 0.24 olwd
1.33 0.01 156 2.03 s
0.49 0.02 0.49 0.73 e
0.63 0.02 -0.07 -0.37 Ol
2.08 * 0.04 -0.16 -0.04 b
1.33 0.02 0.72 122 S
500 13

—_ Q o
e ~
£ 400 A 4, ©12 4
% A AA A § o o o
k= A o
S300 (Lad 4 7 E19 00 9
~ 5
g ‘ A ‘ AA A g ° o0
S 200 R E10F 500 O oo
g A o (o] o o

[1+1
2 100 g 9+ :
P —Sen's slope s | ——Sen's slope |
- =

\ \ \ \ = 8 } } } }
0 1008 2003 2008 2013 2018 1998 2003 2008 2013 2018

L g (Sl a¥lw (o (g 55 (o o Mgy —1 S

Figure 6- Trend of Sen's slope in the annual time series of precipitation and temperature
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Figure 7- Comparison of observed and simulated discharge at Safakhane hydrometric station for the calibration and validation
period from 1998 to 2022
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Table 3- Statistical analysis of the results for the calibration period (1998 to 2012) and validation period (2013 to 2020)
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Figure 8- Comparison of the simulated annual average discharge for the period from 2020 to 2100 under RCP2.6 and RCP8.5
climate scenarios
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Figure 9- Comparison of the simulated monthly average discharge for the period from 2020 to 2100 under RCP2.6 and RCP8.5
climate scenarios with the monthly average discharge measured at the hydrometric station for the statistical period
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