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Development of a Daily Rainfall-Runoff Model
to Simulate the Bukan Reservoir Inflow and
Quantify the Effects of Severe Historical
Drought Using WEAP Model and Multi-
Objective Calibration

A. Meydani’™ , A. Dehghanipour?, and M. Tajrishy®

Abstract

Urmia Lake has faced a water shortage crisis and a sharp
decline in water level due to decreasing precipitation and
increasing water consumption in the agricultural sector. This
study aims to develop a hydrological model to simulate the
daily inflow of Bukan reservoir and simulate the water balance
components for the upstream sub-basins of this reservoir
through a new approach. In this study, two separate storages
are considered for daily simulation of snow and root zone soil
moisture, and multi-objective calibration (MOPSO) is applied
to simultaneously maximize the simulation accuracy of
observed river discharge and logarithm of river discharge. The
results showed a relatively little trade-off between maximizing
the two objective functions to estimate the optimal value of the
calibration parameters. In other words, there is no significant
error in the model that simultaneously prevents improving both
objective functions. Results showed that the average Nash-
Sutcliffe criterion for simulation of river discharge and the
logarithm of river discharge were respectively 0.43 and 0.63 in
the calibration and 0.54 and 0.57 in the validation step. Water
balance modeling indicated that precipitation and inflow to the
reservoir were decreased respectively by 32% and 40% in
severe drought years and soil moisture and snow accumulation
were reduced by 32% and 158%, respectively, compared to the
long-term period. The developed model can predict the effects
of climate change and climate variability on Bukan reservoir
inflow and optimally allocate reservoir water to satisfy water
demand.

Keywords: Urmia Lake basin, Bukan Reservoir, Multi-
objective Optimization, Soil Moisture Method.
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Fig. 1- Location of Urmia Lake basin, its main rivers, and study area (a); the location of study area
catchments, its rivers, and Bukan reservoir
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Table 1- Water balance equations and variables of snow storage
Sy 0580 Ol M gl gielyly 9 S¥Blao -) Jgor

Variable Unit Equation or input data
Pe=Pim¢+m;
Effective precipitation L/T (Calculated based on separating total precipitation
into rainfall and snowmelt)
0 T<T
Snowmelt coefficient - m, =<1 T >T,
T-T
L E T .<T.<T,
Tu-T:

Amount of snow

L/T Aci= ACi1 +(1-mc)Pi

accumulation
Amount of melted snow L/T my=Acimc
Observed precipitation L/T Pi

Freezing point Celsius Tg: Calibration parameter
Melting point Celsius Twm: Calibration parameter
Observed temperature Celsius Ti
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Table 2- Water balance equations and variables of soil storage
SB 085 Ol My (sl alyly 9 Valao =Y Sy

Variable Unit Equation or input data
Storage Change I—3/T ATStrZ = SWCA% = PeA- ETactA- qur- Qint- Qr+ QISW+ QIGW
Relative soil water content - Z = Z+HAZ
_ 2

Actual evapotranspiration L/T ET,. = (PET) KC(%)
Surface runoff LT Qau=(QiswtQicw+PeA)z?RF
Interflow LT  Qin=fKz?A
GW recharge L3T Q=(1-HKz?A
Irrigation with surface water LT Qisw
Irrigation with GW L¥T  Qiew
Effective precipitation LT Pe (This is calculated from Table 1)
Irrigated area for each crop in each zone L2 A

; PET
E?/;en(;[';?;ns iration L/T (Using the method of Penman-monteith(Sieber and

P P Purkey, 2015))

Crop coefficient - K
Runoff resistance factor - RRF: Calibration parameter

f =1 (There is no GW in the area, based on the Yekom

Preferred flow direction i consulting engineers’ report (Ministry of Energy, 2016))

Root zone conductivity L/T K: Calibration parameter
Soil water capacity L SWC: Calibration parameter
Relative soil water content - z1: Calibration parameter
__Smowstorage .
P Tu<T, Tu>T, |
m= 1 (1- m,)P; m<1 ;
P“ l m,P,
m,=m_.P,
P, m,+m_.P,
. s
PC QiswT Qew  ETy
""""""""""""""""""""""""""""""""""""" — Qv
: — Direct recharge
i (if z1>100%)
Va 1 Qi
‘ z1 (%) Vw Q,
|
Soil moisture storage 1

Fig. 2- Schematic diagram of the function of soil moisture model including snow and soil moisture storages
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Table 3- Area and land cover classification of catchments
(Ministry of Energy, 2016) Babgs w1 j CuiS 3 5 gdaw £95 § Cnlumo Y Joio

. Crop Orchard Rainfed Rangeland
Catchment Hyd rometric
station Area No. Area No. Area Area [km?]
[km?]  categories [km?] categories  [km?]
Sarugq river Safakhaneh 37 4 39.5 5" 3125 2013.7
Khoorkhooreh Darrepanbedan 218.6 1622.7
river
Zarrinehrood Polesaheb 150.8 7 375 5 149.8 12241
upstream
Sagez river Qabgabloo 239.7 858.6
Total Area [km?] 187.8 77 920.6 5719.1

“Crops include alfalfa, barley, vegetable and wheat.

"Orchards include apple, conifer tree, grapes, stone fruits and walnut.
“Crops include alfalfa, barley, bean, sugarbeet, sunflower, vegetable and wheat.
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Table 4- Calibration parameters and their threshold for multi-objective optimization
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Calibration parameter SWC[mm]

Range [50:1500]

RRF
[0:20]

K [mm/day] 211 [ggfgﬂjg]
[0:300] [5:45]  [-25:2.5]

L nitial value of z1 at the beginning of simulation
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Fig. 3- Pareto plot for Saruq river sub-basin, each point shows one simulation of WEAP model, and red
points are pareto front.
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Fig. 4- Scatter plots of calibration parameters against two objective functions for Saruq river sub-basin
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Table 5- Calibrated parameter values corresponded to NSE values
NSE y3lie & dagi b (omml pd5 gl 50yl 52380 -0 Jgaa

. Maximum Minimal Euclidean
Catchment Parameter Maximum NSEg NSELogo Distance
SWC [mm] 354.1 2194 310.8
RRF 175 8.9 17
. K [mm/day] 5 5 5
Saruq river 71 205 8.6 163
Tr [Celsius] 25 0.5 25
Twm [Celsius] 10 7.7 10
SWC [mm] 606.9 450.5 504.4
RRF 51 2.8 5.7
Khoorkhooreh K [mm/day] 5 5 5
river Z1 14 8.4 10.1
Tr [Celsius] 22 2.4 21
Twm [Celsius] 3.8 3.6 3.4
SWC [mm] 1234.1 195.2 2425
RRF 20 16.1 20
Zarrinehrood K [mm/day] 300 6 12.5
upstream Z1 5 5 7.6
Tr [Celsius] 25 2.5 25
Twm [Celsius] 10 9.4 10
SWC [mm] 1006.9 180.3 2245
RRF 15.9 19.3 55
Saqez river K [mm/day] 300 5 12.8
Z1 5.6 21.1 18.7
Tr [Celsius] 25 2.5 25
Twm [Celsius] 10 9.9 10

Table 6- Calibrated parameters for minimum Euclidean distance
Bl Jold JBlas 15l 4 o 8 pdS 6 ol sl p3lio —F Jgus

Calibration period

Validation period

Catchment NSEq
Saruq river 0.55
Khoorkhooreh 0.45
Zarrinehrood upstream  0.33
Saqez river 0.38
Average 0.43

NSELogQ NSEQ NSELogQ
0.54 0.6 0.46
0.71 0.64 0.78
0.64 0.50 0.51
0.64 0.43 0.54
0.63 0.54 0.57
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Fig. 5- Daily time series of observed and simulated streamflow of Saruq river; gray box is showing dry years.
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Table 7- Simulated annual water balance components for total upstream sub-basins over long-term period
(1998-2014) in comparison with dry years (1999, 2000, 2001 and 2008), expressed in MCM
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Water balance

Soil moisture method (SMM)

component All years Dry years Change (%)
Input Prec_ipitz?ltion 2465.3 1687 -31.5
Irrigation 145.7 132.8 -8.8
Output ET actual 1390.7 1116 -19.8
Runoff 1235.7 7435 -39.8
Delta storage Soil moisture -15.4 -39.7 -157.8
Delta snow - -3.03 -2.07 -31.7
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