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Abstract

Parameter estimation is one of the main tasks in the hydrologic
modeling. Parameter values can either be specified logically or
blindly calibrated. In distributed physics-based models, it is
arguably possible to specify parameters using catchment
characteristics, hydrologic knowledge, the physics behind the
parameters and how they function in the model. Such logic-
based parameter specification is called as parameter allocation.
This study tries to practice this modeling approach using the
MIKE SHE Model and simulate the overland flow in the Ziarat
watershed. The model was executed using both approaches for
a certain period from 01.23.2013 to 09.21.2014, and for the
period from 04.15.2016 to 09.21.2017 as validation. The
results of the simulation based on each of the approaches were
evaluated by the Nash-Sutcliffe and Kling-Gupta efficiency
criteria. Based on these efficiency criteria, the model in the
parameter allocation approach has a good performance, and
shows consistency in the validation period. Regarding the
water balance, the results of the allocation approach were more
resoanable and meaningful. Based on this, it can be concluded
that spending more time to better understand the watershed
charactristics and parameters of the model leads to more
acceptable and consistent results that reduces the need for
calibration, significantly.
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Table 1- Physiographic characteristics of the Ziarat watershed
@)l il adgs (1,551 508 Ot - Jooo

Characteristic factors Value
Watershed area (km?) 95.15
Watershed perimeter (km) 40.51
Maximum Stream elevation (m) 2946
Minimum Stream elevation (m) 759

Maximum watershed elevation (m) 3027
Average watershed elevation (m) 1915
Minimum watershed elevation (m) 472

Main Stream length (km) 16.36
Average watershed slope percentage (%) 41.4

Table 2- Characteristics of the rain and hydrometric gauge stations of the Ziarat watershed
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Code Region Station Station type River Elevation (m) Longitude Latitude
12-231  Gorgan Ziarat Evaporation gauge  Ziarat 950 274976 4065750
12-024  Gorgan  Naharkhoran Rain gauge Ziarat 450 274666 4071765
12-043  Gorgan  Naharkhoran Hydrometric gauge  Ziarat 508 274654 4071747
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Fig. 1- Location of Ziarat watershed in Iran and Golestan province and watershed drainage network
0l Adga iS5 dSud g UdS Ll g ol ! 0 OyL 5 sadul Adgs CumBge - UK
AR lamn oF 0 lowd o 35U Sl ¢yl pal O alio oliioes
Volume 16, No. 4, Winter 2021 (IR-WRR)

Wy



. R e & Y,;
d“ ws) 54°25'0"E S54°27'30"E S54°30'0"E 54°32'30"E

ol papass - &
sl o ol Jsl BB oboJse sy i)l sanass 1 <
b il oy JB ilaie joboar g A3l ospie b (o5 ol "
b Slaseio b b yial)l a508s aSl 5 (Sojelgyhd (slaan)ys
Wlise e 3 it oo LS ool ads o 5 osalie - |
DBl ules asuioe ¢ dlaie SVl wlol 1) el polo y )
Gosb 5l eMol (oS dayal )l 1 ool ol se ST Cal S i
sl ()80l ey Su gl eonlpli sl dido g o) et g ns 34 - 12
Syien Sl bly polhe b ey > (5 o Ko ol 0 oS ’
235 8 3B 390 Wlgioe e 3)8hes D3l ool 3l e 9 p -

oo an . Con o . L. : . J = ;:::‘[;:3:. o
Slgie 5 18k Tphe e (2rly (o5 Sl 63,50y O | S @ oo g
By 0 g gl e 3 o ) Sl ) ey BB e R I

.(Bahremand, 2016) sles yreud ¢ Jdo -

T T T T
54°250"E 427'30"E 54°30'0"E 54°32'30"E

Fig. 3- Soil texture map of the Ziarat watershed
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Table 3- Components that can be simulated in MIKE SHE and its related processes
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Components Related processes
—Evaporation from the surface of vegetation
o —Evaporation from the soil surface
Evapotranspiration

—Evaporation from wetland detention storage

—Transpiration of roots

Overland flow

—Infiltration
Unsaturated zone flow

Saturated zone flow ~Groundwater flow

- Moisture distribution
—Shortage of soil moisture

- Groundwater exchange

-Wetland detention storage
-Surface runoff (Reversed manning roughness coefficient (M))
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Table 4- Leaf area index used as model input
e (6399 ylrs 4y b 83! &y pdaws L —F Jguo

Plant Minimum Average Maximum References

Autumn wheat 2.25 3.98 569 Tesmemaet al. (2014), Bakhshande et al. (2012)
.'?sgg (Average Different 12 28 48  Tesmemaetal (2014), Etesami et al. (2010)
Perennial Medicago 156 280 378 Tesmema et al. (201(2)(,)1D7§1nesh kar araste et al.
Rangeland plants (perennial 25 3 56 Tesmema et al. (2014), FAO 56
grasses)

Broad-leaf forests 3 35 5.2 Tesmema et al. (2014), FAO 56

Table 5- The crop coefficient (Kc) used as model input
J (8395 (lgis 41 pud adliiuw! (Ke) (AL s o —0 Jou
Beginning of Average growth End of growth

Plant growth period period period References
Autumn wheat 033 082-15 0.64 gf?ggfg)' etal. (2015), ivet
E;ggg’) (Average Different 03 0308 103 Najarchi (2005), FAO 56
Perennial Alfalfa 0.95 1.32 0.74 Zareie et al. (2015), FAO 56
gRrinasg:sl‘)emd plants (perennial 0325 0519 0.66 Il'ij\gr’r%gohan etal. (2012),
Broad-leaf forests 12 12 12 r'\n/l ;:EZISHE model user
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Table 6- Crop root (Cm) depth used as model input
Je (839,9 ()lgis &1 b odliiul (cm) dudyy Gos —F Jgoa
Beginning of Average growth End of growth

Plant growth period period period References
Autumn wheat 10 40 20 MIKE SHE model user
manual
Barley (Average Different 10 0 20 MIKE SHE model user
Types) manual
Perennial Alfalfa 20 60 40 MIKE SHE model user
manual
Rangeland plants (perennial 30 70 50 MIKE SHE model user
grasses) manual
Broad-leaf forests 150 150 150 MIKE SHE modef user
manual
Table 7- Surface roughness coefficient values
P Gl ) s 3le -V Joa
Reversed manning (M) roughness
Landuse coefficient (m@3s) References
Broad-leaf forests 1.69-2.25 Wetspa model user manual
Grasslands 2.1-3.33 Wetspa model user manual
Rangeland 2.3-4 Engman (1986)
Agricalture 2.87-3 Wetspa model user manual
Paved area (Residential and asphalted 40-52.4 Engman (1986)
area)
Table 8- Wetland detention storage factor
Yl Sl o o p2olie A Jgo
Landuse Wetland detention storage (mm) References
Broad-leaf forests 3.02 Calibrated results of Wetspa model
Grasslands 35 Calibrated results of Wetspa model
Rangeland 3.2 Calibrated results of Wetspa model
Agricalture 175 Calibrated results of Wetspa model
Zfe\ge)d area (Residential and asphalted 0.32 Calibrated results of Wetspa model
Table 9- Values of soil properties prepared from experiments and Rozetta model
Rozetta Jue g Clivlejl 51 o agd S sy S5g walie -4 Jou»
Polygon number Field capacity Saturated Wilting point Hydraulic
moisture moisture moisture conductivity
(m/s) * 10°®
! 0.242 0.4192 0.04 9.82
2 0.276 0.4320 0.044 115
3 0.306 0.4370 0.0502 9.85
4 0.327 0.4250 0.053 8.53
5 0.338 0.450 0.051 9.17
6 0.309 0.430 0.053 9.55
7 0.288 0.424 0.052 7.55
8 0.299 0.404 0.0614 5.54
9 0.350 0.46 0.065 5.6
10 0.220 0.44 0.055 7.8

VAR Gl ) oF 2 ylowd (o3 3L Jlw oyl l O galio ol
Volume 16, No. 4, Winter 2021 (IR-WRR)
YAY



Table 10- Values assigned to linear conceptual reservoir parameters
B (09vdo (55w (s poly b g il 0315 olaid] palio — Ve Jgus

Interflow reservoir Parameter Values Baseflow reservoir Parameter Values  Unit
Specific yield 0.43 Specific yield 0.43 -

Interflow time constant 14 Fraction of percolation to 0.5 day

reservoir
Percolation time 14 Time constant for base 100 day
constant

Treshold depth 6 Threshold depth 7.9 m
Initial depth 6 Initial depth 8 m
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Table 11- Model performance criteria results in simulation priod
S 8593 45 Jo 21,15 (5l lbre gl V) Jgi

Values
Performance criteria . . . Validation of allocation Validation of calibration
Allocation Calibration
approach approach
Correlation (R) 0.76 0.74 0.62 0.6
Nash-Sutcliffe (NSE) 0.46 0.51 0.38 0.31
Kling-Gupta (KGE) 0.73 0.74 0.5 0.55
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Fig. 5- Comparison of observed hydrographs and simulated hydrographs in parameter allocation approach
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Fig. 6- Comparison of observed hydrographs and simulated hydrographs in parameter calibration approach
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Fig. 7- Comparison of observed hydrographs and simulated hydrographs in the parameter allocation
approach at the validation period
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Fig. 8- Comparison of observed hydrographs and simulated hydrographs in the calibration approach at the
validation period
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