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Figure 1. Geographical location of the study area in Iran and Golestan province.
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1- GPM Microwave Imager
2- Dual-Frequency Precipitation Radar



V) 5558 8 as g Sl 5 Jsens (armnllsb sbaelam! Ul i Cand go -\ g

Table 1.Geographical location of ordinary/ stabilizer rain gauge stations in Gorganroud basin (7).
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Ordinary Jsens zeilsl 500 36° 48" 54° 49" Sarmoo s s
Ordinary Jyoss il 148 36° 52" 54° 38" Taghi Abad 5L &
Ordinary Jsess sl 307 36° 52" 54° 57" Zaringol S )5
Ordinary Jsese el 130 36° 53" 54° 53" Kaboodval Jiys s
Ordinary J yoss il 130 37°00' 55°02" Shir Abad 5Ll .
Ordinary Jyoss il 255 37° 04" 55° 15" Nodeh o3 5
Ordinary J yoss il 344 37° 08" 55°59' Haghol Khaje 41 =13~
Ordinary Jsess eilsl 14 37° 08" 54° 43" Baghsalyan oUL.st
Ordinary Jsexe el 38 37° 13" 55°01"' Ghezaghli 3!
Ordinary Jsens zeilsl 64 37° 14" 55° 11" Gonbad 4:5
Ordinary Jsexe el 213 37° 15" 55°26" Galikish =58
Ordinary Jsexe el 1596 37° 16" 55° 45" Dasht Shad sls cis
Ordinary J yoss il 438 37°23" 55° 45" Tangrah ol s
Ordinary J yoss el 204 37°23" 55°30" Ghochmz ;. 53
Ordinary Jsess 2esl)l 500 37° 42" 55042 Ghornagh 3t 3
Ordinary J yoss il -12 37°01" 54°30" Agh ghla Y551
Stabilizer L sl 4 37° 12" 54° 44" Gorgan dam o8 3 ..
Stabilizer ol _zsl )l 69 37°19"' 55° 17" Golestan dam oS o
Stabilizer ol zsl b 122 37° 29 55°30" Tamer .3
Stabilizer ol zdl )l 41 37° 13" 55°09' Arazkoose 4 sS 3l |
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Table 2. Statistical methods for satellite data validation (16, 30).
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Table 3. Statistical indicators of half-hour precipitation events for each of the stabilizer rain gauge Stations.

. ) < ‘1
nglas csI FAR POD DBE RMSE MBE MAE cC L
(%) (mm) (mm) (mm) Station
. ansS315
1.83 0.52 0.46 0.98 54.78 1.28 0.42 0.42 0.14
Arazkoose
2.56 0.38 0.61 1.00 57.53 1.55 0.50 0.50 0.09™ 7
Tamer
x o8 S
1.93 0.51 0.48 1.00 23.68 1.68 0.18 0.18 0.23
Gorgan dam
x oklds
2.06 0.48 0.51 1.00 39.02 1.09 0.29 0.29 0.21
Golestan
2.11 0.47 0.52 1.00 51.84 1.56 0.41 0.41 0.22 )
Gonbad
5531
4.86 0.20 0.79 1.00 57.87 1.15 0.16 0.16 0.05™ ¢
Agh ghla

Al b s e Oliabl Ao 33 0 o 53 ™ 5 5l e Oliabl s 3 0 e 53 *
Note: * indicates results are statistically significant based on p-value < 0.05 and ™ indicates results are not statisticall
y sig p y

significant based on p-value < 0.05.
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Table 4. Statistical indicators of daily precipitation events at all ordinary rain gauge stations.

R(E/fgs CSI FAR POD DBE IXS;I)E ?ﬂiﬁ I(\:[nﬁ cC Si;‘;

179 020 074 046 5534 6.55 1.23 1.23 0.13* Tangrah o <5
1.54 017 075 038 4241 5.68 0.73 0.73 0.19% Taghi Abad s\ &
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Note: * indicates results are statistically significant based on p-value < 0.05 and ™ indicates results are not statistically

significant based on p-value < 0.05.
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Abstract

Background and Objectives: Precipitation is one of the most important factors affecting water
and energy balance in the world and important meteorological variables. To accurately estimate
precipitation, various methods are used, including the direct use of meteorological ground
station data and direct observations, the use of remote sensing satellite data, or the use of
interpolation methods based on geo-statistical methods. The lack of high-resolution data can
lead to spatial variations in rainfall. Therefore, developing innovative approaches for accurate
estimation of precipitation in areas with inadequate or inadequate data is critical. The use of
radar remote sensing technologies in the accurate estimation of precipitation is crucial as
the most important factor affecting water and energy balance in areas with unsuitable
and inadequate data. Therefore, this research was conducted to evaluate GPM-IMERG
satellite precipitation data and compare it with the data of observatory stations in the Golestan
province-Gorganroud basin.

Materials and Methods: To do this research, after obtaining the GPM satellite data and
processing it, we performed a comparison between half-hourly daily satellite data set with the
ground-based (stabilizer and ordinary) observational data. Concerning the spatial (0.1*0.1) and
temporal (daily and half-hourly) resolutions of GPM-IMERG satellite data, we employed
enough and valid ground-based rainfall records dated 20/03/2014-20/03/2016 (for daily series)
and 20/03/2014-21/09/2016 (for half-hourly series). To assess the accuracy of GPM data in
rainfall estimation, some statistical indicators such as FAR (error warning ratio), CSI (critical
success index), POD (probability of detection), RBias (relative deviation) and some other
validation indicators were used.

Results: The results showed that the half-hour rainfall IMERG records with CC values equal to
0.05-0.23 and CSI equal to 0.20-0.52 were relatively acceptable. Validation of GPM satellite
rainfall data using MAE, RMSE and MBE statistical indicators has also been relatively
acceptable. Based on the validation analysis of daily records, the RBias index showed the
highest level of accordance of GPM data with observational data at 0.74 (at the station of
Hagholkhajeh), and the lowest level corresponding to 2.27, that belongs to Nodeh station. The
POD index also showed that Nodeh and HagholKhajeh stations had the highest and lowest
correspondence with ground stations with the values of 0.5 and 0.25, respectively. The values of
the CSI index in all stations were calculated to be between 0.13 and 0.22, which were related to
Zarrin Gol and Shirabad stations, respectively. The CSI showed a relative correlation between
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satellite and observed data. Based on the values of the FAR index, it was observed that the
lowest value of FAR in Bagh Salian and Zarringol stations was 0.64 and the highest value was
0.80 in Shirabad station. Therefore, to improve the data obtained from the IMERG algorithm,
especially in arid regions with the extensive spatial distribution and temporal changes in
precipitation, satellite precipitation products should be calibrated to improve their accuracy in
measuring daily precipitation.

Conclusion: In this study, the calculation of statistical and matching indicators was performed
for the first time to compare half-hour data of the GPM satellite with observational data. It was
found that the IMERG algorithm of the GPM satellite is relatively consistent with the recorded
values of ground stations daily, as well. The validation of GPM satellite rainfall data using
MAE, RMSE, and MBE statistical criteria also showed that it has acceptable accuracy. Given
the FAR values at all stations, it can be said that there is a relative correspondence between
satellite data and observed data from ground stations. POD values also showed acceptable
performance of this satellite's data. The results of this study also showed that there was a
relative correlation between the data of ground stations and GPM satellite data. Therefore,
considering the non-evaluation of precipitation data of the GPM satellite system with data of
ground stations in many regions of Iran, including the study area of Gorganroud, the results of
this study can be very useful for innovation and increasing the efficiency in water resources
management.

Keywords: Gorganroud Basin, Meteorological satellites, Precipitation, Spatio-temporal
variations, Statistical criteria
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