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2 - Synthetic Aperture Radar
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Figure 1- General view, of locality and corresponding townships of Kermanshah Province, Iran.
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Table 1- Characteristics of meteorological stations in the study area.

Geographical attributes Average precipitation

No Station type Station location Elevation (m) (mm)
Longitude  Latitude (average of 20 years)

1 Airport synoptic Kermanshah 47.15 34.35 1311 510
2 Eslamabad-e gharb 46.47 34.12 1344 468.50
3 Main synoptic Sarpol Zahab 45.87 34.45 565 350
4 Ravansar 46.65 34.72 1346 526.41
5 Qasr-e Shirin 45.6 34.53 356 350.41
6 Additional synoptic Gilan-e Gharb 45.93 31.13 826 426.92
7 Javanrud 46.5 34.76 1375 560.41
8 Mahidasht 46.48 3428 1370 440
9 Automatically Paveh 46.33 355 1700 620
10 Sahneh 47.66 34.48 1380 483.77
11 Agricultural Meteorological Research Sararud 47.29 3433 1373 451.66
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Table 2- Elevation values of Kermanshah Province.

No DEM(m) Average Max Min
1 30 1431.76 3368 114
2 90 1431.82 3353 117
3 1000 1432.49 3186 127
4 1000 1430.51 2434 95.96

3 - Google earth engine



ey & ‘. o ‘
VEY s VY Lol 605k0ud ) (50,k0ud TV (509 ST
oo 2

Snsad g g 2 oolitwl NSCE) dSslo- i s g bl Sb )l
sodalin (le > Siwwn 5ol gly ol s oIl ganolas sl Lo cnl 5o
9 QL.'.-’L’)S) QHLSA oola ! Lbé)s“—)g 9 @K._w.t‘ aole )l o d> ol 'Ls)"f°)"'\"| 6“““5 l_,
90 Sl ylene b ba o slaaloles (V- VY (LIS an gllas (R?) (s o «(R) (Soacon o

Lol o2l Y Jgoz o Jaw 5 e po s RMSE) (Sl )0 >

(Pl (65 Bl 32 50 )bl (23 G AS LY Cuw b -F Jgux
Table 3- The list of statistical evaluation indices to evaluate quantitative rain estimates.
Metrics Equation
MrXi— H)(Yi-7)

JEre - B s - vy

Correlation coefficient (R)

Coefficient of determination

s R*R

RMSE L (Vi - X)?
n

NSCE Y (X = YD)?

1 e Y
Z?:l(Xi — XL)Z

el )b 35515 5 (sloamlive slaosls (goias Lis Yi g Xi .l diges jo Wodalin slaxi 0 :axg

Note: n denotes the number of observations in the sample. Xi and Yi represent the observational and forecast precipitation data.
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Figure 2- Precipitation map of Kermanshah Province based on interpolation method.
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Figure 3- Regression analysis of precipitation data.
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Figure 4- Precipitation map of Kermanshah Province with spatial resolutions of 30 m, 90 m, 1km, and 10 km.



VF oY Jla AFY 2l g0yl o) (go5kowd SV (58,90

- &
ST e
- ®

olislo S wlilgn olums ! (5l y ouibodld i3l Joo 3l ol Cawsas s il sbrojlsl —F Jgus

Table 4- Mean error values obtained from the fitted model for the Kermanshah meteorological station.

No  DEM(m) RMSE NS R?
1 30 4731 0.75 0.75
2 90 46.99 0.75 0.76
3 1000 46.25 0.76 0.76
4 10000 48.12 0.74 0.81
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Table 5- Values of correlation coefficients and significant level of Kermanshah meteorological station

Kendall's tau_b Spearman's rho

No  DEM(m)

R(XY) P-value R(XY) P-value
1 30 0.491%* 0.036 0.636* 0.035
2 90 0.564* 0.016 0.691* 0.019
3 1000 0.661%* 0.005 0.8117%* 0.002
4 10000 0.636%* 0.006 0.764%%* 0.006
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Figure 5- Column chart of mean precipitation changes based on digital elevation models of Kermanshah Province.
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Extended Abstract

Introduction and Goal

Users prepare accurate data of the amount of rainfall by using rain gauge stations. However, an
interpolation of rainfall data is difficult due to temporal and spatial variability. Therefore, rain gauge
stations are not well distributed in many areas, especially in mountainous areas. In a mountainous area,
understanding the interaction between the resolution of the Digital Elevation Model (DEM) and climate
variables is necessary for accurate spatial interpolation of average rainfall in many areas, and on the other
hand, the need for accurate information in hydrological modeling and many environmental studies and it
is climatic. One of the problems that exists in many hydrological studies is that rainfall maps are always
prepared using interpolation or available DEM, regardless of rainfall, which have an estimated rainfall
erTor.

Materials and Methods

In this study, four DEMs with spatial resolutions of 30, 90, 1000, and 10000 m, which are the most
common DEMs in studies, were used to introduce the best elevation digital model for extracting the
rainfall gradient map from the data of 11 meteorological stations in Kermanshah province. A rainfall map
for Kermanshah province was prepared using a linear regression model fitted between the height of each
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station and the 20-year average rainfall. The best DEM for rainfall estimation was then determined on the
basis of error evaluation criteria.

Results

The results of this research showed that in estimating rainfall, DEMs with cell sizes of 1000 and 10000 m
(R?=0.76, 0.81) were more accurate than DEMs with spatial accuracy of 30 and 90 m (R? = 0.75). In the
examination of the Nash—Sutcliffe coefficient (NS), compared to other digital height models of accuracy,
DEM with a spatial resolution of 1000 m (one km) with a Nash—Sutcliffe coefficient of 0.76, a significance
level of 0.01, and a correlation coefficient of 0.81 was found to have greater accuracy.

Conclusion and Suggestions

The results of the present study can be used to estimate and generalize rainfall in areas that do not have
stations and to prepare rainfall maps in areas where the number of stations is limited. In addition, it should
be used in univariate interpolation methods that do not have proper accuracy because spatial distances
are not considered. In addition, due to the complex topography of the earth and the non-uniformity of
meteorological stations on the earth’s surface, high-resolution models with higher spatial resolution are
required for the estimation of rainfall, which increases the accuracy of digital models in the evaluation of
rainfall studies by removing topographical levels that cause errors.

Keywords: DEM resolution, Kermanshah province, linear regression, mountainous watershed, rainfall
estimation, rainfall gradient



