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Abstract

In management and planning of water resources, hydrological
models are suitable tool that can be very effective in simulating
hydrological processes such as water balance. Distributed
hydrological models simulate each of the water balance
parameters by discretization and solving equations in each cell.
In the present study, the WetSpass-M distributed model is used
to estimate and evaluate the components of the water balance
in Hashtgerd study area in Alborz province. The model was
implemented in monthly basis and for a 20 year period. In
order to calibrate and validate the model, first the monthly flow
data of the hydrometric station were used as observational data.
The remote sensing approach (SEBAL algorithm) was applied
to re-estimate evapotranspiration. Then, the results of the two
approaches were evaluated and compared. According to the
model results in the Hashtgerd study area, the mean annual
values of evapotranspiration and groundwater recharge were
estimated to be 347.3 and 272.6 MCM, respectively.
Furthermore, the mean annual values of evapotranspiration for
plains and mountains were respectively 241 and 106.3 MCM.
The mean annual recharge rate in the plains was equal to 197
MCM, while it was estimated to be 75.6 MCM for mountains.
The variations analysis of model outputs was performed based
on the standard deviation for the water balance parameters in
plains and mountains. The results showed that the most
variations during the simulation period were observed
respectively in the irrigation component, evapotranspiration,
recharge, and rainfall.

Keywords:  Water Balance, Variations  Analysis,
Groundwater Recharge, WetSpass-M Model, SEBAL
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Digital elevation Shuttle Radar
model (DEM) Topography Mission i ! 100~100 1398
Slope map Calculated from DEM DEM processing 1 100x100 1398
Extracted by

processing the satellite Lookup according to

Land-use map images in three WetS pass-M mo%el 1 100x100 1395
sections PCA, Indices P
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. Lookup according to
Soil texture map (RIWEM, 2021) WetSpass-M model 1 100x100 1395
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L According to the 1379-
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potential ET maps Observed potential ET potential ET 228 100x100 1398

Estimated from Landsat 8
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5 satellite images 1398
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Table 3- Equations used in the WetSpass-M model to simulate the water balance components
Ol My (6150 (5 wdand (515 WetSpass-M Jue 53 a3lisw! 3,90 oY aleo —Y Joua

Equation Parameter definitions
Interception I.,: Monthly interception (mm/month)
P,: Monthly precipitation (mm/month)
I, = Pulg (4) Ix: Interception ratio
dp: Number of rainy days per month (day/ month)
Where Ip: I?ally interception threshold
I —I.d LAI: Leaf area index
Ig = = =1 — exp( = p)
® T P Prn
1
Ip =a.LAI(1 - L+ Pm(1— exp(—0.463LAD)
a.LAI
Surface runoff SR, Monthly surface runoff
Cy,: Soil moisture coefficient (-)
Cgr: Actual runoff coefficient (-)
SRm = CsrCh(Bm — Im) () Cwp : Weighted potential runoff coeflicient
P,, : Average daily rainfall (mm/day per month)
Where RCD : Regional consecutive dryness level (mm)
Cup P,y Aimp : Percentage of impervious surface in each cell
Cor = Cup P2z — RCD = Cyp + RCD Cper: Runoff coefficient for permeable area
A A Cimp: Runoff coefficient of the impervious area,
Imp Imp

Cwp = (1 - 100) Coer + 700 Cime

C —w1(0'02)+w2( Ow )+w3
per — n 1— ew (

Cimp = 0.9exp(0.024 Ayy,p)

P
Cp=—-—2 if

1
LP(PS + ETS)«
Ch=1 if

Sp
10 +S,

)

ET,, > P,

ET,, <P,

n: Manning’s roughness coefficient

B, Volumetric soil water content at wilting point

Sp : Land surface slope (%)

W1, W2 and W3 are the weights of the three
components contributing to C,,,, which are 0.4, 0.3 and
0.3, respectively, in line with the runoff coefficients
mentioned in the WetSpass-M model.

LP, a: Calibration parameters (-)

Evapotranspiration
v
1+x

T LY.k
1+5 (149

(6)

Where

1 Z,
r, = K7u, (In (
T.v = cET,

_ w"
T,=1-A;, ")Ty
W:Pm+(efc - 9pwp) Rd

=

Zy

y: Psychrometric constant (kPa/°C) which is the slope
of the first derivative of the saturated vapor pressure
curve

r.: Canopy resistance (sm™1)

r,: Aerodynamic resistance (sm™1)

K: Von Karman constant (0.41)

u,: Wind speed at elevation z, (m/s)

zq. Zero displacement elevation (m)

z,. Aerodynamic roughness height of surface (m)

T,.,: Reference transpiration

T,: Actual transpiration

ET,: Potential evaporation of open water

c: Vegetation coefficient (-)

W: Available water for transpiration

Rq4: Rooting depth

B¢ — Bpwp: Plant available water content per time step,
stated as the difference in water content at field capacity
and at permanent wilting point

Groundwater recharge

Rm = Pn — SRy, — ETy (7)

SR,: Monthly surface runoff
P,,: Monthly precipitation
ET,,: Actual evapotranspiration
Ry,: Groundwater recharge
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Table 4- Characteristics of Landsat 5 and 8 satellite image bands
A g O Cownd loylaale pola L Olasuin -F Jouo
0 Band number 1 2 3 4 5 6 7
g § Wavelength (um) 0.45-0.52 0.52-0.6 0.63-0.69 0.76-0.9 1.55-1.75 10.4-125 2.08-2.35
ck
3 Resolution (m) 30 30 30 30 30 120 30
o Band number 2 3 4 5 6 7 10
83 Wavelength (um)  045-051 053059 064067 085088  157-1.65 211229  10.6-11.19
c O
3 Resolution (m) 30 30 30 30 30 120 100
Table 5- Characteristics of MODIS satellite image bands
MODIS glo,lsple ysbai (sbail Clasuio -0 Jsia
Band
" Sumber 1 2 3 4 5 6 7 31 32
ol Wa‘(’s:f;;‘gth 062-067 084087 046048  054-0.56  1.23-125 163165 211215  108-11.3  11.8-12.3
> .
Resg’r'n“)“o“ 250 250 500 500 500 500 500 1000 1000
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Table 6- Optimal values of the measured parameters for Wetspass-M model in Hashtgerd study area
3, Kia Gl s39a5w Wetspass-M Juae (gl 00w (6 5051051 (g ol yb duge 3930 —F Jgus

Water balance components Parameter Variation range  Optimized value
Interception a 0.3-85 6.5
Evapotranspiration o 0.3-85 6.5
Surface runoff Lp 0.4-55 19
Surface runoff X 0-1 0.45
Base flow B 0-1 0.97
Recharge contribution parameter 1] 0-1 0.19

Table 7- Evaluation of the accuracy of monthly precipitation maps in Hashtgerd study area
5 i Flalllae 53ga5w ailalo (i )b gauidi Cdd g, -V Joua

Meteorological stations* R? (-) RMSE (mm) MAE (mm) ENS(-)
1 0.98 4.6 2.2 0.98
2 0.97 5.6 2.5 0.98
3 0.95 6.1 3.6 0.96
4 0.98 2.3 1.4 0.98
5 0.98 3.1 1.6 0.98
6 0.94 6.4 4.1 0.95
7 0.97 6.8 3.6 0.96

* Meteorological station’s number is shown in Fig 2.
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Fig. 4- Comparison of observed and simulated discharges in Kordan river hydrometric station for

calibration and validation period from 1379 to 1398
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Fig. 7- Evapotranspiration map estimated by SEBAL algorithm using Landsat 8 satellite images in
Hashtgerd study area in the year of 1396-1397
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Table 8- Annual average of water balance components (MCM) in Hashtgerd study area
5,5uin  Sllllas 03ga5% ;5 (MCM) ol Mg (155 ¥l (pSilo -A Joas

Water
Year Rainfall Discharge Evapotranspiration Runoff Recharge Interception  balance
error (%)
1379-1380 360.3 426.5 375.9 125.7 291.6 4.1 -1.3
13801381 345 4167 344.7 1200 3401 41 0.96
(Normal)
1381-1382 486.5 406.9 364.4 254.1 290.3 2.9 -2.0
1382-1383 415.4 397.2 356.0 170.7 295.9 3.2 -1.6
1383-1384 464.9 384.2 348.0 179.8 330.2 4.9 -1.6
1384-1385 363.4 374.4 349.1 162.7 244.9 2.4 -2.8
SR 548.7 364.6 275.6 224.4 414.5 4.5 -0.63
(Wet)
13?8'387 2589 3549 394.2 5.7 1713 3.0 1
1387-1388 380.4 345.1 382.8 109.6 242.7 4.9 -2
1388-1389 458.9 335.3 497.5 121.4 193.5 3.8 -2.7
1389-1390 416.8 325.6 392.1 92.7 267.3 5.9 -2.1
1390-1391 478.0 315.8 313.2 131.1 362.1 4.9 -2.2
1391-1392 359.8 306.0 340.0 130.0 200.2 4.5 -1.3
1392-1393 297.5 299.5 309.7 72.5 216.8 4.8 -1.1
1393-1394 274.0 289.7 286.5 76.6 212.2 3.5 -2.6
1394-1395 388.4 280.0 342.1 80.7 247.3 7.2 -1.3
1395-1396 373.1 270.2 280.4 121.8 259.1 2.1 -3.1
1396-1397 353.2 263.7 327.1 59.7 233.5 5.8 -15
1397-1398 524.9 253.9 318.8 91.5 365.3 8.7 -0.69
Annual = g993 3374 347.3 1251 2726 45 1.7
Average
Max 548.7 426.5 497.5 254.1 4145 8.7 -0.63
Min 258.9 253.9 275.6 51.7 171.3 2.1 -3.1
o 77.4 52.7 49.4 52.5 64.2 1.6 0.71
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Fig. 13- Monthly values of runoff component for plain and mountains in the Hashtgerd study area from 1379

to 1398
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Fig. 14- Monthly values of interception component for plains and mountains in the Hashtgerd study area
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Fig. 16- Components of water balance in mountains for normal, wet and dry years for Hashtgerd study area
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1- Cumulative Rainfall Departure

2-Water and Energy Transfer Between Soil, Plants and
Atmosphere Under Quasi-Steady State

3- Surface Energy Balance Algorithm for Land

4- Tropical Rainfall Measuring Mission

5- Geographic Information System

6- Water-Table Fluctuation
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