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Geographical and climatic characteristics of synoptic stations in Lorestan province-Table 1

station Precipitation(mm)  Elevation(m) Longitude Latitude Amberjeh
Aleshtar 463.8 1567 48°14° 33°49"  Cold semi-dry
Borojerd 449.4 1629 48°45° 33°54"  Cold semi-dry
Aligoodarz 381.7 2022 49°42° 33°24° Cold dry
Doroud 608.2 1527 49°00° 33°31° Cold dry
Noorabad 469.6 1860 48°00° 34°02 Dry heat
Azna 410.3 1872 49°24° 33°26"  Cold semi-dry
Khoramabad 442.9 1148 48°17° 33°26° Wet cold
Poldokhtar 385.5 713 47°43 33°09"  Cold semi-dry
Kohdasht 384.05 1198 47°38 33°31°  Cold semi-dry




47900 AR E 49700~ F
" i A

SONONE
i

5
40 20 © 0 80 120
ECECE 1 E I chend
L Country
g_ 4 Lorcstan Province : Stations
o ol sea
Elevation (m)  Precipitation (mm)
% <1000 (1 381-406
@4 1000-1500 (% 406 - 428
£ @4 1500-2000 @ 428 - 450
-4 € 2000-2500 @@ 450 - 474
[ @4 2500-3000 @& 474 - 507
0 20 o 40 o 120 o4 3000-3500 @& 507 - 552
[Em=m: F ] Km o8 >3500 o4 552 -608
-|‘,'>(:u'| 4K ‘1;'0"[ 4y |:‘|y’| (n‘a;l‘r'l
Fig. 1- Geographical Location Of Lorestan Province and its Synoptic Stations
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Table 2- Characteristics of the dataset evaluated in this study
Data Sets Coverage Sptial Source Used Data Temporal
resolution resolution
PERSIANN- 60°S -60°N  0.25° x 0.25° Satellite+Gage  2001-2021 Daily
CDR
CHIRPS 50°S-50°N 0.05° x 0.05° Satellite+Gage  2001-2021 Daily
ERA5 Global 0.25° x 0.25° Satellite+Gage  2001-2019 Daily
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Table 3- Classification indices used to evaluate satellite precipitation products

Name Equation threshold Optimum Value
Probability of detection POD=H/(H+M) [0,1] 1
False Alarm Ratio FAR=F/(H+F) [0,1] 0
critical success index CSI=(H+M+F) [0,1] 1

H is the number of wet period observations, M is the number of missing (unpredicted) wet period
observations, and F is the number of predicted but not observed wet observations.
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Table 4- The performance of three databases in detecting precipitation events

CHIRPS PERSIANN- ERA5
CDR

(o] POD FAR Csl POD FAR CSI POD FAR
Azna 0.8 0.86 0.07 0.69 0.91 0.26 0.82 093 0.13
Aleshtar 0.79 0.85 0.07 0.69 0.92 0.26 0.81 093 0.14
Aligoodarz 0.8 0.85 0.07 0.69 0.9 0.26 0.81 092 0.13
Brojerd 0.79 0.85 0.08 0.7 0.92 0.25 0.81 094 0.15
Poldokhtar  0.82 0.88 0.07 0.72 0.93 0.24 0.84 094 0.12
Khoramabad 0.8 0.85 0.07 0.72 0.81 0.22 0.84 0.92 0.1
Droud 0.78 0.83 0.07 0.71 0.9 0.23 0.82 093 0.13
khodasht 0.82 0.87 0.07 0.72 0.93 0.24 0.82 095 0.14
Noorabad  0.79 0.84 0.08 0.7 0.91 0.24 0.82 093 0.12
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Fig. 10- Database suitable for estimating precipitation in Lorestan province
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Abstract

Precipitation is one of the important variables in hydrological and water resources studies. Therefore,
accurate estimation of precipitation is an important issue. In this study, the performance of three datasets,
CHIRPS, ERAS5, and PERSIANN-CDR, was evaluated for estimating precipitation in Lorestan Province on
daily, monthly, seasonal and annual scales using statistical indices (i.e. NRMSE, RMSE, rMBE, and NSE),
as well as precipitation occurrence indices POD, CSI, and FAR. Daily precipitation data from 9 synoptic
stations from(2001 to 2022) were collected and compared with the results from the three datasets. Main
suppose of this study is that remote sensing and reanalysis precipitation data can be used in locations facing
data scarcity or gaps in time series. Results showed that they are reliable at seasonal and annual scales, but
at daily and monthly scales, they require bias correction. The results indicated that the PERSIANN-CDR and
CHIRPS datasets performed better in various seasons and annually. Based on the NSE and RMSE indices,
the best performance was observed from the PERSIANN-CDR dataset in autumn and from ERAS5 in spring.
Additionally, in winter and on an annual scale, the CHIRPS and PERSIANN-CDR datasets showed better
performance. The rMBE index revealed that the CHIRPS and PERSIANN-CDR databsets underestimated
precipitation, while ERA5 overestimated it. According to the precipitation occurrence probability indices,
ERAS demonstrated the best performance with an average (POD) of 93% and (CSI) of 82%, and CHIRPS
outperformed other datasets with an average (FAR) of 7%. It is recommended to use the seasonal and annual
data from these datasets in areas with data scarcity, and to use the daily and monthly data with caution.

Key words: Reanalysis, Remote sensing data, Bias correction, Data scarcity

Introduction

Precipitation is an important factor in hydrological processes, climate modeling, and
agricultural production (Huffman et al., 2007; Xu, 2021), which shows significant variability both
spatially and temporally (Zhang et al., 2020). Different techniques, such as rain gauges, ground
radars, and satellite remote sensing, have been used to collect precipitation data. Therefore, a
guantitative assessment of the accuracy characteristics of precipitation products can be useful in
wide range of hydrological and climatic research applications, including water resources
management, runoff simulation, flood forecasting, and drought monitoring (Jiang et al., 2021).
Meanwhile, several quasi-global multi-satellite-based precipitation products have emerged in
recent decades, providing new methods for rapidly capturing continuous precipitation information
and presenting the most effective means for global-scale precipitation observation.

Methodology

In this study, daily precipitation data from meteorological stations in the study area in a time
series were used as a criterion for evaluating CHIRPS, ERA5, and PERSIANN-CDR products in
the study area. In this research, a precipitation -related database was used. ERA5 is the fifth
generation of atmospheric phenomena analysis and reanalysis, the output data of which is based
on information extracted from the ECMWF model, in which the data analysis is carried out with
the influence of ground observations. This database, with a spatial resolution of 0.25, provides the
user with precipitation data in the form of monthly cumulative and other data in the form of
averages. The data is available since 1979. PERSIANN-CDR precipitation data is presented in this
database with a spatial resolution of 0.25 by 0.25 degrees for hydrological and hydroclimatological
studies. The basis is satellite remote sensing data whose error is based on corrected data. CHIRPS
provides precipitation data from the beginning of 1981 to the present with a spatial resolution of
0.05. This database is used to estimate daily precipitation. In this study, various statistical criteria
were used to evaluate and compare the products provided by databases and daily precipitation
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values from ground stations. In order to evaluate the accuracy and efficiency of the models, the
statistics of root mean square error (RMSE), normalized mean square error (nRMSE), relative
mean error (rMBE), Nash coefficient (NS) were used. Also in this study, the evaluation of satellite
reanalysis precipitation against observed data was performed using classification scores and
continuous statistical measures. The classification scores used in this study include probability of
detection (POD), false alarm ratio (FAR), and critical success index (CSI).

Results and Discussion

The results showed that the nRMSE values of the CHIRPS, ERA®, and PERSIANN-CDR
datasets, on a seasonal and annual scale, performed better for the PERSIANN-CDR, ERA®,
CHIRPS, and PERSIANN-CDR datasets, respectively, in the autumn, spring, winter, and annual
seasons. Based on the NSE and RMSE indices, the CHIRPS, ERA5 and PERSIANN-CDR
databases recorded the best performance among all the synoptic stations of Azna in the autumn
season with values of 0.89, 17.48 mm respectively in the PERSIANN-CDR database. In the spring
season, the best performance was recorded by the synoptic stations of Boroujerd, 0.72, Kohdasht,
39.39 mm in the ERA5, PERSIANN-CDR and ERAS5 databases. Also, in the winter season, the
best performance was recorded by the stations of Aleshtar, 0.75, Aligudarz, 28.14 mm in the
CHIRPS database. On an annual scale, the synoptic stations of Noorabad, 0.79, Aligudarz, 49.64
mm in the PERSIANN-CDR database. Based on the precipitation detection power indices, the
results showed that ERA5 with an average value (POD) of 93 percent and an average value (CSI)
of 82 percent showed better precipitation detection skill than other products. On the other hand,
the Chrips database had better performance than other databases based on the False Alarm Ratio
(FAR) with an average of 7 percent.

Concluson

Based on the NSE and RMSE indices, the best performance was observed from the PERSIANN-
CDR database in autumn and from ERAD5 in spring. Additionally, in winter and on an annual scale,
the CHIRPS and PERSIANN databases showed better performance. The rMBE index revealed that
the CHRIPS and PERSIANN-CDR databases underestimated precipitation, while ERAS5
overestimated it. According to the (POD) and (CSI), ERA5 demonstrated the best performance and
the (FAR) of CHIRPS outperformed other databases.
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