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Introduction

Precipitation is one of the most important input parameters of the hydrological models for rainfall-runoff
simulation, which due to the lack of proper dispersion of rain gauge stations and the newly established some of
these stations in most basins of the country, the use of these precipitation data faces serious challenges. Therefore,
the use of remote-sensing methods is one of the ways that can be used for the streamflow simulation using
hydrological models. Runoff is also one of the most important hydrological variables and rainfall-runoff modeling
is one of the key items in hydrological sciences to estimate runoff characteristics such as volume, peak flow and
arrival time to peak flow. In the present study, we used reanalyzed precipitation data and then evaluated the
simulated streamflow using this precipitation data in the Zoshk subbasin. The precipitation data was validated with
in situ data, of Kashafrood basin.

Materials and Methods

The reanalysis precipitation data was selected from the ERAS precipitation data, and the HEC-HMS was used
for the rainfall-runoff simulation. The basin parameters were calculated by the GIS menu. This menu is the newest
option in the HEC-HMS software that needs only the DEM basin for calculating the basin parameters. In the
present study, we should validate the ERA5 reanalysis precipitation data with in situ data, so we did that in the
Kashafrood basin. The number of the rain gauge stations were 34, but some of the stations didn't have complete
data and omitted them from the list of the rain gauge stations. For the validation ERA5 reanalysis precipitation
data was used from the R, NSE, RMSE, Bias, FAR, POD and TS statistical indicators. These indicators were
calculated by programming in EXCEL Visual Basic. The ERAS precipitation data was evaluated for the
Kashfarood basin at daily and monthly time steps. The DEM Zoshk was downloaded with the spatial resolution of
12.5 meters from ALOS-PALSAR satellite and then the basin parameters were calculated by the GIS menu. The
SCS curve number was selected as a loss method. In this method, the calculations related to the percentage of
impermeability and the average curve number of each sub-basin were obtained through land use and curve number
layers, respectively. The SCS unit hydrograph was selected as a transform method. The recession method was
selected as a base flow method. NSE and PBias were used for the calibration and validation events in HEC-HMS.
In this way, at first the HEC-HMS model was calibrated by tow in situ rainfall-runoff events (91/1/11 and 91/2/6),
and then validated by one in situ rainfall-runoff event (99/1/23). For validation streamflow of the
ERAGS reanalysis precipitation data, the event on 99/1/23 was used and their streamflow hydrographs were
evaluated with each other in Zoshk station.

Results and Discussion
The results showed that the reanalysis precipitation data of ERAS5 had underestimation in daily and monthly

time steps. Also in monthly time step, the accuracy of these precipitation dataset in detecting precipitation events
(in terms of FAR, TS, and POD indices) was higher than a daily one. In addition, in monthly time steps it had
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worse accuracy in summer months than the rest of the year in detecting precipitation events (in terms of FAR, TS,
and POD indices). For streamflow evaluation, in the calibration phase both NSE was in very good and good ranges,
and PBias was in very good, good and acceptable ranges. In addition, the model underestimated the observational
one. Finally the ERAS reanalysis precipitation data was compared by 99/1/23 hydrograph event. The streamflow
hydrograph from the ERA5 reanalysis precipitation data was underestimated due to ERA5 underestimation of the
precipitation at the Zoshk rain gauge on the days corresponding to the 23/6/99 incident. The ERAS reanalyzed
precipitation data with NSE and Bias percentage coefficients in unacceptable range (NSE<0.5 and PBias<+25),
compared to flow hydrograph obtained from Zoshk station precipitation data, the efficiency of this precipitation
dataset is low. The range of the streamflow hydrograph from the ERA5 precipitation data was unsatisfactory in
compared to the observational hydrograph (NSE = -0.47 and PBias = -55.16).
Conclusion

In general, the accuracy of the flow hydrograph of this product compared to the flow hydrograph of the
precipitation data of Zoshk station (NSE = 0.64 and PBias = -15.82), cannot be a relatively reliable source instead
of in situ rainfall data in hydrological simulation. The suggestion for future studies is to evaluate other rainfall data
based on remote sensing methods in hydrological modeling.
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Figure 2- A-Soil hydrological group layer of Zashk basin; B- Land use layer of Zashk basin; C- Curve number layer of Zashk

basin (received from the General Department of Natural Resources and Watershed Management of Khorasan Razavi

Province)
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Table 3- Table of values of statistical indicators to evaluate ERAS5 precipitation data in daily time step

Sl Sl dle  ofile
Minimum Maximum Median Mean

Bias -0.393 -0.741 -0.646 -0.627

RMSE 2.286 3.899 3.063  3.037
POD 0.177 0.686 0.384 0.386
FAR 0.35 0.821 0.535 0.539
TS 0.098 0.352 0.281 0.263

CcC 0.081 0.517 0.411 0.363

NSE -0.132 0.232 0.142  0.097
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Table 4- Table of values of statistical indicators to evaluate ERAS precipitation data in monthly time step

BEIKES JUcRES ailw oSSl

Minimum Maximum Median Mean

Bias -0.39 -0.74 -0.63 -0.65

RMSE 17.85 38.27 28.37 27.67
POD 0.74 0.97 0.83 0.82
FAR 0 0.16 0.06 0.06
TS 0.68 0.88 0.79 0.78
CcC 0.68 0.92 0.82 0.82
NSE -0.02 0.55 0.23 0.2
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Figure 3- Scheme of basin model made in HEC-HMS from Zashk watershed
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Table 5- Table of some parameters calculated by HEC-HMS software
. o o2 55 Yol 5y
. Ak e . < ' 5 ;
el Colwe 4, Gl SYgb Zho-Y U S 5lobre cod omy SIS o
. . O »)? P sl . . . o . 2 & N e -
WL (km?) (km) oy Ol s (n Badgs 5 (2955 o A2 oS HlS
Subbasin Area L ) Basin 10-85% (km) Longest Drainage Drainage
onges i ici
name flow ?)ath Slope Length flow path Centroidal flow path ~ flow path density coefficient
length slope
Z1 145 7.16 0.46 5.37 351 0.16 0.58 0.59
Z2 6.96 4.25 0.46 3.18 2.04 0.2 0.57 0.7
Z'1 15.83 6.12 0.49 4.59 1.86 0.17 0.72 0.73
z3 12.02 8.68 05 6.51 4.44 0.13 0.62 0.45
z?2 6.71 4.36 0.51 327 157 0.18 0.5 0.67
Z3 8.39 43 0.41 323 1.15 0.13 0.74 0.76
Z4 9.42 6.51 0.42 4.88 2.6 0.09 0.65 0.53
Z4 2.99 3.42 0.38 2.56 1.53 0.17 0.74 0.57
zZ5 3.97 5.4 0.3 4.05 3.19 0.08 0.96 0.42

Z'5 10.13 6.72 0.35 5.04 2.96 0.09 0.72 0.53
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Table 6- CN values before and after calibration
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31 o CN pdlie 5l o CN palis Hom g o 3 o CN palie 51 s CN palis C’N Ol M’D
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SRS QYN Y asdly )Y asdly M/ sl AY/¥/7 asily WYy TV aSlya by
Subbasin CN values before CN values after CN changes CN values before  CN values after Perge,\rll t;haent?:fi)re
calibration for calibration for ~ Percentage before  cajipration for calibrationfor - T galibration
9U/1/11 91/1/11 and after 91/2/6 91/2/6
calibration for for 91/2/6
91/1/11
Z1 61.5 56.5 8.13 91 87 4.4
Z2 60 55 8.33 94 90 4.2
Z'1l 70 65 7.14 92 88 4.3
Z3 70 65 7.14 935 86.5 7.4
Z'2 72 67 6.94 90.5 86.5 4
Z'3 66 61 7.57 90 86 4
Z'4 64.5 64.5 0 89 81 8.9
Z4 56.5 56.5 0 93.5 75.6 19
Z'5 61.5 58 5.69 89.5 76 15
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Figure 5- Event Hydrograph 11/1/1391 Post-Calibration
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Figure 4- Event Hydrograph 6/2/1391 Post-Calibration
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Table 7- Volume values and peak flow of observational and computational hydrographs with difference and percentage
difference between them
11/2/91 4Y/Y/9Y

6/2/91 4Y/Y/1

& Oy oo

23/1/99 44/Y/YY

@ oy oloj « oMy oloj

Sw L) S o Su L)
Vol Peak Tl Vol Peak Tl Vol Peak Tl
olume flow Arrival time olume flow Arrival time olume flow Arrival time
(mm) (M3S) toward peak mm) (M¥S) toward peak (mm) (M¥S) toward peak
volume volume volume
SIS g n
N 17.62 5.6 12:00,7/2/91 76.02 16.1 7:00,12/1/91 33.22 13.7 06:00,8/1/99
Computational
hydrograph
Sl sue
Shalie 12.19 5.7 11:00,7/2/91 66.02 166 12:00,12/1/91 35.27 138 00:00,8/1/99
Observational
hydrograph
Bt 5.43 01 1 10 05 5 2,05 0.1 6
Difference
GBMB| so
Percentage 0.31 -0.02 - 0.13 -0.03 - -0.06 -0.007
difference
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Table 8- The values of Nash Sutcliffe efficiency coefficient and bias percentage for the events of 11/1/91, 2/6/91 and 23/1/99

&bl s ad s A VATAR R S TA PR SR S VAVAL §
Statistical indicators  11/1/91  6/2/91  23/1/999
(NSE) calsslo i 0.802 0.966 0.644
(PBias) ()| o) -9.75 -1.88  -15.82
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Figure 7- Flow hydrograph of flow data of hydrometric station (green lines), hydrograph of flow of precipitation data of
Zoshk station (yellow lines), hydrograph of flow of precipitation data of ERA5 (red lines)
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Table 9- Peak volume and flow values of observational and computational hydrographs with difference and percentage
difference between them for observational hydrograph and simulated hydrograph from ERAS precipitation data

Ol 1,5, A4/Y/YY

ERA5 _yi,LA4//7¥

O lelie ’
Observational flow hydrograph ERAS rainfall 99/1/23
99/1/23
& ey oo
. S (3 | > S gyl 2@ o) ol
Volumé (mm) Peak flow ) _55 Volume Peak flow Arrival time toward
(M3/5S) Arrival time toward (mm) (M3/8) peak volume
peak volume
Floslen )55, 33.22 13.7 06:00,25/1/99 17.87 5.6 06:00,25/1/99
Computational hydrograph
Fhalio S1,5g,e 35.27 13.8 00:00,25/1/99 35.27 13.8 00:00,25/1/99
Observational hydrograph
e -2.05 0.1 6 17.4 78 6
Difference
S 02 -0.06 -0.007 - 0.97 -1.46 -

Percentage difference

SWosls 51 Jols 1,59 b o Slanlite 1,59, (5l (o)) Mo yd 9 STl i ) pi (5 ] S as LS 3l —Y+ Jodo
ERA5 3,0l

Table 10- The values of Nash Sutcliffe efficiency coefficient and bias percentage for observational hydrographs and
hydrographs obtained from ERAGS precipitation data

bl g adll Slaalin ol BI,5 0 44/Y/YY ERA5 5, a4/y/vY
Statistical indicators Observational flow hydrograph 23/1/99 ERADS rainfall 23/1/99
(NSE) caldSsl i ol )8 0.644 -0.47

(PBias) () 1oy -15.82 -55.16
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