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Precipitation estimation, Accurate spatial estimation of rainfall is very important in hydrological simulations.

Despite the development of automatic rain gauge stations in recent years, obtainin
Mazandaran, Grad-GPM. p velop i gaug years, g

reliable precipitation data in data-poor areas is still a major challenge. Rain gauge
stations measure rainfall data and depth at a point. However, their main shortcoming
is that their measurements are point-based and do not provide sufficient surface cover-
age of the desired area. Although measurements in small areas are relatively accurate,
they are not applicable to large basins. This research evaluates the accuracy of GPM

satellite precipitation products in Mazandaran province.

Recelved: Materials and Methods
22 Mar 2022 In this research, the accuracy of GPM satellite precipitation products was compared
with image interval weighted interpolation and kriging methods. For this purpose, 21
meteorological stations and 24 monthly and 2 annual GPM satellite images were used
Revised: in 2015 and 2017. The evaluation of the methods was done using mean square error,
13 May 2023 deviation error, absolute mean percentage of error. Also, annual rainfall maps of the
province were drawn and analyzed for 2015 and 2017.
Accepted: Results and Discussion
29 May 2023 The results showed that GPM satellite precipitation products have a high bias error.

This means the amount of overestimation/underestimation of this satellite reaches

more than 140 mm per year. Of course, the interpolation methods of kriging and dis-
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tance image weighting also have a significant error and do not accurately distinguish between small
and large circles of the province. Investigating and evaluating the possibility of combining the rain-
fall products of the desired satellites with latitude and longitude and altitude variables in most of
the 4D gradient equations showed that the Grad-GPM combined method has significantly increased
the accuracy of the spatial estimation of precipitation. And it reduces the error of GPM satellite and
interpolation methods by 25 to 40%. Also, annual rainfall maps of 2015 and 2017 were drawn to
compare and better understand the performance of Grad-GPM method in modifying GPM satellite
data in monthly and annual rainfall estimation of Mazandaran province in GIS software environ-
ment. They were compared with the precipitation maps of Kriging, IDW and GPM satellite methods.
It was compared with the precipitation maps of methods Kriging, IDW and GPM satellites. From the
examination of the precipitation maps obtained by Grad-GPM methods, in both 2016 and 2018, it
is concluded that the precipitation amount decreases from the west to the east of the province. Also,
the amount of rainfall on the coasts is more than in the heights, so that it shows the highest amount
of rainfall at an altitude of less than 700 meters, and with the increase of the altitude up to 2000
meters, the amount of rainfall decreases. But from the height of 2000 meters above, the amount of
precipitation does not have a clear trend and fluctuates between 400 and 900 mm. This indicates the
complex topography of the province and the role of local climate on the amount of precipitation in
the province. In addition, the maps prepared by these methods clearly show that the heavy rainfall
ring of the province is formed from the western coast to the central coast of the province near Ferey-
don Kenar. Also, the slope of rainfall-altitude changes in the west of the province is higher than in
the east, which is due to the special topography of the west of Mazandaran province. The Grad-GPM
precipitation map separates the western part of the province into several rainfall sections. In total,
the detailed evaluation of the obtained maps indicates that the Grad-GPM map is more accurate than
the map drawn using GPM satellite data and KRG and IDW methods, and the amount of rainfall in
the province is better recognized.

Conclusion

The results showed that the use of auxiliary variables that have a reasonable and acceptable correla-
tion with rainfall data reduces the error of rainfall data estimation by 25-35% and has a better esti-
mation of rainfall data, especially in inaccessible areas with no recorded rainfall data. The results of
the present research showed that satellite precipitation products alone do not have proper accuracy
in the spatial estimation of precipitation and its use brings a lot of bias error, but their combination
with interpolation methods as an auxiliary parameter increases the accuracy of spatial estimation of
precipitation and It rains maps too. Also, the method presented in this research can be used to modify

satellite precipitation products.
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Table 1. Significant analysis of auxiliary parameters with precipitation in Mazandaran province

GPM £l 2 sk Ju oks
Z Lat Long Year Month
0.12" -0.27™ 0.04* 0.07"s 2016 als
-0.61* -0.39% 0.60* -0.60* 2018 (Jan)
0.14" -0.04* -0.13m 0.31* 2016 Q99
0.56* -0.27™ 0.47%* -0.61* 2018 (Feb)
0.54* -0.13™ 0.22" -0.49* 2016 ool
0.15" -0.35% 0.17" -0.29™ 2018 (Mar)
0.63* 0.81* -0.37* -0.31* 2016 Jays!
0.64* 0.34* 0.03* -0.63* 2018 (Apr)
0.56* 0.36* -0.17ms -0.53* 2016 <
0.52* 0.32* -0.08"s -0.52% 2018 (May)
0.37* -0.16™ -0.04ns -0.33* 2016 995
0.14" 0.31* -0.38%* -0.01%* 2018 (Jun)
0.35* 0.12m 0.02%* -0.68* 2016 adss
0.37* -0.51* 0.27" -0.17™ 2018 (Jan)
0.33* -0.59* 0.59%* -0.56* 2016 CargS
0.41* -0.28m 0.22m 0.04* 2018 (Aug)
0.44* -0.26™ 0.12m 0.15m 2016 ol
0.13" -0.02* 0.11 -0.31* 2018 (Sep)
0.26" 0.07" -0.13"s 0.31* 2016 ,...Sl
0.61* -0.48* 0.58* -0.57* 2018 (Oct)
0.28" -0.52% 0.41%* -0.26™ 2016 algs
0.52* -0.48* 0.65* -0.65* 2018 Nov)
-0.13™ -0.71* 0.53* -0.22m 2016 ol
0.36* 0.1* 0.45%* -0.44* 2018 (Dec)
0.10m 0.41%* 0.27s -0.26" 2016 AVl
0.60* -0.47* 0.57* -0.57* 2018 (Annual)

ns: Non significant - * significant in 95% confidence level
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Table 2. Regression equation for correction of GPM precipitation network of Mazandaran province

(;JLM’) (Month) sle S yS , dolee GPM R2
ear

2016 (Jan)a.iy‘lj P=1313+0.5 LONG-35.3 LAT-0.0211 Z + 0.55 GPM 0.12
2018 P =635 9.3 LONG - 2.8 LAT — 0.0230 Z + 0.356 GPM 0.6
2016 (Feb)as 6 P=-350+16.7 LONG - 12.6 LAT — 0.0023 Z + 0.34 GPM 0.08
2018 - P=1326-2.5 LONG -31.3 LAT - 0.0246 Z + 0.41 GPM 0.54
2016 (Mar) o Lo P=632+ 6.8 LONG —26.4 LAT —0.00484 Z + 0.835 GPM 0.31
2018 ) P=1397-11.6 LONG - 19 LAT-0.0135Z - 0.07 GPM 0.26
2016 (Apr)g}a)ﬂ P=584-6.07 LONG -7 LAT + 0.0163 Z-0.019 GPM 0.71
2018 " P=1426-11.1 LONG —22.7 LAT + 0.00212 Z + 0.27GPM 0.51
2016 (May)_» P=1442 — 11.5 LONG —22.3LAT + 0.00235Z + 0.018GPM 0.41
2018 P=1175-15 LONG - 9.8 LAT + 0.00385 Z — 0.73 GPM 0.39
2016 un) s P=2277-6.9 LONG-51.5 LAT-0.0179 Z + 0.451 GPM 0.33
2018 P=1140-3.58 LONG —25.6 LAT + 0.0036 Z + 0.82 GPM 0.18
2016 Jan)ass) P=2834-24.5 LONG —41.2 LAT - 0.00604Z + 0.03GPM 0.59
2018 " P=248 +19.3 LONG —35.7 LAT — 0.0202Z + 1.46 GPM 0.39
2016 (Aug)w;] P=1056-19.1 LONG + 0.4 LAT - 0.0213 Z - 0.124 GPM 0.71
2018 P=511+0.12 LONG — 14.1 LAT - 0.0087 Z + 1.54 GPM 0.21
2016 (Sep) yuelipw P=-726 +5.3 LONG + 12.2 LAT + 0.0025 Z + 1.10 GPM 0.22
2018 ) P=-411 -20.8 LONG +41.4 LAT + 0.006 Z + 1.16 GPM 0.24
2016 (Oct))_..';ST P=-629 +10.5 LONG + 5.6 LAT + 0.0036 Z + 0.5 GPM 0.11
2018 ’ P=2052-15LONG -32 LAT - 0.0928 Z + 0.74 GPM 0.61
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Table 3. MAPE and MBE values of rainfall estimation methods

Grad-GPM GPM f;::};s (I;M\S:) jjl_é Jb ole
(Year) (Month)
MBE MAPE MBE MAPE MBE MAPE MBE MAPE
0 030 424 043 -6.3 034 -44 035 2016 agl5
0 0.31 542 082 48 039 -6.6 0.4 2018 (Jan)
0 0.40 57.1 0.48 213 038 -89 045 2016 4,98
0 0.19 56.5 0.5 -0.7 025 3.1 022 2018 (Feb)
0 0.19  24.1 0.25 2.8 024 35 024 2016 oesle
0 0.22 45 0.5 2.3 0.19 -3.6 023 2018 (Mar)
0 0.48 27.8 1.76 -7 1 -8 0.53 2016 Jayel
0 0.64 307 0.88 0.4 095 -22 092 2018 (Apr)
0 0.70 18 1.1 -5.5 075 -6.3 0.76 2016 =)
0 1.13 13 22 -0.2 1.9 0.1 2.14 2018 (May)
0 049 212  0.63 -53 0.53 -4.8 0.56 2016 0995
0 5.7 29 1.86  -0.2 7.4 1.2 852 2018 (Jun)
0 036  31.6 .12 -13 048  -6.1 042 2016 4505
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0 046 1189 1.13 -5.1 0.79 -4 096 2018 (Oct)
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0 042 1276 1.79 -11.6 058 -13.8 047 2016 olws
0 0.33 343 0.63 -43 039 -56 036 2018 (Dec)
0 022 3913 038 225 026 267 026 2016 4Vl
0 021 3382 037 -454 037 -574 0.3 2018 (Annual)
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Fig2. Boxplot diagram of mean square error values of precipitation
z S100"E  5200°E  S300'E  54°00'E 51°00"E  52°0'0"E  53°0'0"E  54°0'0"E
g GPM 2016 Grad-GPM 2016 =

N

Annual Rainfall 2
500 N
[1500-600

' [1600-700 )
e K] Kil
0 25 50 Yoo o A 700-800 0 25 50 0o o A
800 <

2 sro0E  s200  SYODE 5400 SO SZOOE  SPOWE  S400°E
=)
5 GPM 2018 Grad-GPM 2018
z
°
o
¢ |Annual Rainfall Annual Rainfall R
L 500 N

500 N
[1500-600
[1600-700
I 700-800 0

S0 < 25 50

Kilometers
100

[1500-600
[1600-700

700-800
800 <

e Kilometers
100

YA g Y15 gl Jlu 33 oS 5 bay g A5 5001 b cylinsl byl s ¥ JSCo

Fig3. Rainfall map of the province with network data and combined method in 2016 and 2018
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