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Objective: In this research, six sources (TRMM, IMERG, PERSIANN-CDR, 
GSMaP, and ERA5) of precipitation data collected by satellites/global reanalysis were 
evaluated to find the best source of precipitation data as an alternative method to 
monitoring from GWS. Method: The evaluation was based on two methods; the first is 
the use of statistical metrics (Pearson's Correlation Coefficient (CoC), Mean Error 
(ME), mean absolute error (MAE), Root Mean Square Error (RMSE), and Bias (BIAS) 
and the second is the use of precipitation data quality metrics Probability of Detection 
(POD), the False Alarm Ratio (FAR), and the Critical Success Index (CSI). In both 
methods, monitoring adopted precipitation data from GWS as the source data (the most 
accurate), and compared it with estimation data (extracted from remote sensing (RE) 
techniques /reanalysis data). Results: Based on the results of the quality metrics, it was 
found that CHIRPS is the most reliable alternative to GWSs for precipitation data, 
followed by TRMM and IMERG. However, the statistical metrics results indicated that 
ERA5 outperformed the other data sources. Novelty: The study concludes that quality 
measures are better at verifying the validity of data when it comes to temporal and 
numerical discrepancies between GWSs and RE techniques/reanalyzed data, as these 
measures are not sensitive to the number of observations. Therefore, it was suggested to 
use CHIRPS data as an alternative source to study drought and hydrology instead of 
relying exclusively on GWS. 
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INTRODUCTION 

Precipitation is an essential component of the global water cycle and significantly 
impacts the diversity of life on Earth. Recording the amounts of precipitation is extremely 
important to studying the region's climate history and changes. Precipitation data is of 
high value as it is used as primary data in studying drought[1–12] agricultural, 
hydrological, and natural disaster assessments[13–17]. 

Many studies have shown the effect of precipitation on vegetation throughout Iraq 
and its impact on vegetation, especially in semi-arid areas[18]. On the other hand, 
precipitation data in Iraq and the effects of climate change on food and water security are 
important and sensitive issues with the increasing population growth[19]. In 
hydrological studies, precipitation data were critical, and many researchers in Iraq 
presented their results based on it[20,21]. 

There are two methods for recording and estimating precipitation data. The first 
method involves direct measurement using gauges at ground weather stations (GWSs). 
The second method utilizes satellites and re-analysis data derived from various sources, 
including global GWSs, satellites, and auxiliary data such as temperature, humidity, and 
vegetation cover. This approach is often referred to as the downscaling method. The 
accuracy of the data obtained from GWSs depends on the station's spatial spread in the 
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region[14,15,22]  and the possibility of daily recording without malfunctions. Even with 
the quality of GWS data, it will still represent a specific point. However, unobserved data 
interpolation methods still need to be used, especially in hydrological studies where data 
covering a wider area are needed [23]. 

Estimating precipitation amounts and timing using remote sensing (RE) techniques 
may be a better alternative to GWS data, especially given its poor spatial distribution in 
the study area. Furthermore, GWS data may be subject to human error (such as a lack of 
regular rain gauge maintenance). Although the spatial and temporal coverage of RE data 
is superior to GWS data, RE data are not free from errors and bias[13,23]. 

Evaluating bias in precipitation data can be done using statistical measures [24–29]. 
On the other hand, some studies presented the hydrological model as a model for 
evaluating bias in precipitation data [13,23,27,30] . Chen et al. used the Standardized 
Precipitation Index (SPI), a drought indicator, to evaluate the performance of Tropical 
Rainfall Measuring Mission (TRMM). Chen et al.'s approach is a step different from 
previous contexts [31]. 

In Iraq, Kadhim et al. presented a recent study to evaluate rainfall data estimated 
from remote sensing techniques. Although their study covered all regions of Iraq, they 
focused on evaluating the Integrated Multi-Satellite Retrievals (IMERG) dataset only [25]. 
In previous studies, researchers evaluated the reliability of precipitation data collection 
sources derived from RE, assuming numerical consistency between GWS observations, 
which are generally more accurate, and these RE sources. In this research, we present an 
investigation into the validity of six precipitation data datasets that were collected and 
analyzed by different methods. The validity investigation is carried out according to two 
methods, a statistical method and a quality method, to investigate in depth the best 
alternative to GWSs in conditions of temporal and numerical inconsistencies. 
 

MATERIALS AND METHODOLOGY 
Study area 

Dhi Qar is located approximately 450 kilometers south of the capital city, Baghdad. 
It is bordered to the south by Al-Basrah and to the north by Wasit. To the east and west, 
it is surrounded by Maysan and Muthanna, respectively. The area of Dhi Qar city is 
estimated to cover 12900 square kilometers, and it features diverse environmental 
conditions. In the southeastern part of Dhi Qar, there are about eight marshes with 
various names, including “Al-Himar,” “Al-Wasat,” “Al-Qurnah,” “Al-Sanaf,” “Abu 
Zarq,” “Al-Adl,” “Cheetahs,” and “Al-Ghamouka.” Dhi Qar is characterized by 
moderate terrain, with elevation changes ranging from about 10 meters between the 
northernmost and southernmost points. The city has a population of approximately 
2095172 and is classified administratively as a governorate, with Nasiriyah serving as its 
center. The geographical coordinates of Dhi Qar are approximately 45°-47° E longitude 
and 30°-32° N latitude. See Fig. 1. 

Dhi Qar is classified as an arid to semi-arid region. It has recorded a maximum 
rainfall of approximately 30 mm from 2008 to 2024. The highest average temperature 
noted was 42 °C, while the lowest was 3 °C. The region experienced solar radiation levels 
ranging from a maximum of 33 W/m² to a minimum of 1 W/m². The highest average 
wind speed recorded was 7 m/s, compared to a minimum of 1 m/s. Lastly, the maximum 
value of evaporation (ET) measured was around 14 mm, with the lowest recorded ET 
value being 1.5 mm. 
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Figure1. Study area, LULC from (32) 
Data 

Precipitation data from GWSs 
The climate data for the Dhi Qar study area were collected from four  GWSs managed 

by the Iraqi Ministry of Agriculture - Meteorological 
Center(http://www.agromet.gov.iq/). These stations are distributed throughout the 

area, as illustrated in Fig.2 . Al-Faier station is located in the northern part of the study 
area at coordinates 31.85° north latitude and 45.78° east longitude. Al-Shatra station is 
situated in the central section of the study area at coordinates 31.45° north latitude and 
46.16° east longitude. Both Suq Al-Soyokh and Al-Chibayish stations are found southeast 
of the study area. The coordinates for Suq Al-Soyokh station are 30.96° north latitude and 
45.57° east longitude, while Al-Chibayish station is located at 30.94° north latitude and 
47.07° east longitude. A different department of the Meteorological Center manages each 
of these stations. Please refer to Table 1 for more details. 
 

http://www.agromet.gov.iq/
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Table 1. Coordinates of GWS, their operating dates, and the departments responsible 
for managing them. 

GWS Name 
coordinates 

startup date Managed by 
Latitude Longitude 

Al-Faier 31.85° N 45.78° E 2013 F.C.D 
Al-Shatra 31.45° N 46.16° E 2008 A.G.T 

Suq Al-Soyokh  30.96° N 45.57° E 2014 A.G.T 
Al-Chibayish 30.94° N 47.07° 2011 A.DQ 

NOTES: 
Agricultural Guidance and Training (A.G.T) Department. 
Forestry and Combating Desertification (F.C.D) Department. 
Agriculture Dhi-Qar (A.DQ) Department. 

 

 
Figure 2. The locations of GWSs in the study area. 

 
There is a significant amount of missing data across the four GWSs, especially 

regarding rainfall measurements. The Al-Shatra station has six years of missing rainfall 
data. In comparison, the Al-Fajer station also reports approximately six years of data 
gaps. The Al-Chibayish station has about four years of missing rainfall data. In contrast, 
the Suq Al-Soyokh station has the least amount of missing data, with only about four 
months of gaps. In addition to the extensive missing data, the stations have inconsistent 
operating times. Al-Shatra station is the oldest, while Suq Al-Soyokh station is the 
newest. See Fig.3. 
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Figure 3. Daily precipitation data measured from GWSs 

 
Precipitation data from remote sensing techniques 

The sources of precipitation data are diverse: observations from a single satellite or a 
group of satellites, and precipitation data extracted from reanalysis of auxiliary data. See 
Table 2. 
 

Table 2. Abbreviations and names of the precipitation data evaluated in our research, 
and the organizations publishing/producing this data 

Abbreviated Full name Agency 

CHIRPS Climate Hazards Group InfraRed Precipitation with 
Station Data(https://chc.ucsb.edu/about) 

USAID, 
NASA, and 
NOAA 

TRMM The Tropical Rainfall Measuring Mission 
(TRMM)(https://gpm.nasa.gov/missions/trmm) 

NASA, 
JXAX 

PERSIAN-
CDR 

Precipitation Estimation from Remotely Sensed 
Information using Artificial Neural Networks - Climate 
Data 
Record(https://climatedataguide.ucar.edu/climate-
data/persiann-cdr-precipitation-estimation-remotely-
sensed-information-using-artificial) 

NCAR 

IMERG Integrated Multi-satellitE Retrievals for 
GPM(https://gpm.nasa.gov/data/imerg) 

NASA 

GSMaP Global Satellite Mapping of 
Precipitation(https://sharaku.eorc.jaxa.jp/GSMaP/) 

JXAX 

ERA5 European Centre for Medium-Range Weather 
Forecasts(ECMWF) (https://cds.climate.copernicus.eu/) 

C3S 

 
The Tropical Rainfall Measuring Mission (TRMM) is a joint mission between two 

agencies,  the  National  Aeronautics and Space Administration (NASA) and the Japan 
Aerospace Exploration Agency (JAXA). It is the first mission to detect rainfall in tropical 
and subtropical regions. It was launched in November 1997 at an altitude of 350 
kilometers[33,34].TRMM covers parts of the world between 50°N and 50°S, with a spatial 

https://chc.ucsb.edu/about
https://gpm.nasa.gov/missions/trmm
https://climatedataguide.ucar.edu/climate-data/persiann-cdr-precipitation-estimation-remotely-sensed-information-using-artificial
https://climatedataguide.ucar.edu/climate-data/persiann-cdr-precipitation-estimation-remotely-sensed-information-using-artificial
https://climatedataguide.ucar.edu/climate-data/persiann-cdr-precipitation-estimation-remotely-sensed-information-using-artificial
https://gpm.nasa.gov/data/imerg
https://sharaku.eorc.jaxa.jp/GSMaP/
https://cds.climate.copernicus.eu/
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coverage accuracy of (0.25°X 0.25° )and a temporal resolution of (3h). There is much 
research on this mission, and the reader may find it useful to review this research[33–35]. 
IMERG data is the integration of several weather monitoring satellites, covering large 
parts of the world(90° N-S)[36] .IMERG is particularly valuable over areas of Earth's 
surface that lack ground-based precipitation-measuring instruments, including oceans 
and remote areas. IMERG is especially valuable in areas of the Earth's surface that lack 
terrestrial precipitation measuring instruments, including oceans and remote areas, as it 
gives weather readings in near real-time (0.5 hours) and the spatial resolution is (0.1° x 
0.1° ). A full description of this task and the method of processing and producing data 
has been published by [37,38]. 

PERSIANN-CDR   covers from 60° S to 60° N and 0°  to 360° longitude at 0.25-degree 
spatial resolution. PERSIANN-CDR is generated from the PERSIANN algorithm using 
GridSat-B1(https://www.ncdc.noaa.gov/gridsat/) infrared data. It is adjusted using the 
Global Precipitation Climatology Project (GPCP) monthly product to maintain 
consistency of the two datasets at a 2.5° monthly scale throughout the entire record[39]. 
CHIRPS  covers parts of the world between 50° N and 50°S and has different spatial 
resolutions. The available spatial resolution is between 0.05° and 0.01°,depending on the 
region and the period (40). This data can be reviewed in [41] . 

GSMaP is a combined dataset from a group of satellites; the first group is low earth 
orbit(LEO) satellites, and the second is geostationary orbit(GEO) satellites. The LEO 
satellites provide measurements using the infrared radiometer (IR), while the GEO 
satellites provide measurements using the microwave radiometer (MWR)(42). The spatial 
resolution of GSMaP reaches( 0.1°X0.1° )and the temporal resolution is up to an hour, 
and the global coverage is 40 ° N and 40 ° S [43]. More details about this data can be found 
at[44]. 

ERA5  is the last generation reanalysis  from ECMWF, with spatial resolution ( 
0.1°X0.1° )and temporal accuracy reaching up to hours [45].  ERA5 data covers the whole 
world and has been available since 1940. More information can be found at[46]. 
The six precipitation data sources (CHIRPS, TRMM, IMERG, GSMaP, PERSIANN-CDR, 
and ERA5) were accessed using the Google Earth Engine (GEE) platform 
(https://earthengine.google.com/). 
Accuracy Evaluation 

Statistical Metrics 
Precipitation data from six global databases were evaluated using statistical metrics, 

including the Pearson's Correlation Coefficient (CoC), Mean Error (ME), Mean Absolute 
Error (MAE), Root Mean Square Error (RMSE), and Bias (BIAS). They are the most 
commonly used statistical measures in many studies[24,25,29,31,47] . Note equations Eq.1 
through Eq.5. 

𝐶𝑜𝐶 =
∑ (𝑃−𝑝−)(𝑂−𝑂−)𝑛

𝑖=1

√∑ (𝑃−𝑝−)2  ∑ (𝑂−𝑂−)2𝑛
𝑖=1

𝑛
𝑖=1

 (1) 

𝑀𝐸 =
1

𝑛
∑ (𝑃 − 𝑂)𝑛

𝑖=1  (2) 

𝑅𝐸𝑆𝐸 = √∑ (𝑃−𝑂)𝑛
𝑖=1

2

𝑛
 (3) 

MAE =
1

𝑛
. ∑ |𝑃 − 𝑂|𝑛

𝑖=1  (4) 

BIAS =
∑ (𝑃)𝑛

𝑖=1

∑ (𝑂)𝑛
𝑖=1

  (5) 

https://www.ncdc.noaa.gov/gridsat/
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The symbols P and O refer to precipitation observations from satellites or reanalysis data, 
while the symbol O indicates precipitation observations from gauges at GWSs. 
 

Data Quality Metrics 
Statistical measures, as the above equations clearly show, are sensitive to the number 

of observations. Another alternative to evaluate the accuracy of precipitation 
measurements from RE techniques/reanalyzed data is to use the Probability of Detection 
(POD), the False Alarm Ratio (FAR), and the Critical Success Index (CSI). Note the 
equations  Eq.6 to Eq. 8. 

𝑃𝑂𝐷 =
𝑎

𝑎+𝑐
 (6) 

𝐹𝐴𝑅 =
𝑏

𝑎+𝑏
 (7) 

𝐶𝑆𝐼
𝑎

𝑎+𝑏+𝑐
 (8) 

Where a represents the number of times or events that rainfall occurred and was 
measured from the ground station and satellite/reanalysis data. The symbol b indicates 
the number of times or occurrence of rain recorded by satellite/reanalysis data only, 
while the symbol c indicates the number of times that GWSs record rainfall only, without 
being recorded by RE/reanalysis data [48,49]. See Table 3. 

POD, FAR CSI are measures of the quality of precipitation data obtained from 
RE/reanalysis data. Their value ranges from zero to one. When the POD value 
approaches one, it means that the RE/reanalysis data is good at estimating the occurrence 
of rain. And vice versa, if the FAR value approaches zero, this means that the 
RE/reanalysis data is good at capturing the occurrence of rain. When the value of CSI  
approaches one, this means that the RE/reanalysis data is better at assessing the 
occurrence of precipitation. CSI is an index that can be used to compare the quality of the 
six precipitation data collected in the Dhi Qar Governorate, in addition to using the rest 
of the quality measures to review the quality of that data. 
 

Table 3. shows the meanings of the symbols used in the precipitation data quality 
metrics. 

The symbol Rainfall was measured at 
GWSs 

Rainfall measured by 
RE/reanalysis  

a Yes Yes 
b NO Yes 
c Yes No 

 
Results and Discussion 

The comparison of monitoring dates between GWSs and RE/reanalyzed data 
resulted in 2,529 matched observations of TRMM at Al-Chibayish, marking the highest 
number of matched observations for this station. Other stations recorded fewer matches, 
with 2,100 observations at Suq Al-Shuyoukh, 1,083 at Al-Fajer, and 784 at Al-Shatra. See 
Fig.4. 

Comparing the rest of the precipitation data obtained from satellites/reanalyzing 
data, CHIRPS showed the lowest number of matching observations, which were 634 
observations with the highest value at Suq Al-Soyokh station and 214 as the lowest value 
at Al-Fajer station. The number of matching observations in Al-Shatra, close to Suq Al-
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Soyokh station, was 612. While in Al-Chibayish Station, only 520 observations were 
matched. 
 

 
Figure 4. Number of time-matched observations between GWSs and RE/reanalysis 

data. 
 

IMERG, PERSIANN-CDR, and ERA5 had nearly 2,000 observations at Al-Chibayish 
Station. On the other hand, Al-Shatra station recorded several similar observations for 
GSMaP and ERA5 only, with around 1400 observations, while IMERG and PERSIANN-
CDR recorded 2037 and 3069 observations, respectively. At Al-Fajr station, the number 
of IMERG and ERA5 observations is similar and is about one thousand. While GSMaP 
and PERSIANN-CDR, the number of their observations was 1278 and 1083, respectively, 
at the same station. Finally, at Suq Al-Soyokh station, the number of observations was 
3527, 3164, 3478, and 2291 for IMERG, PERSIANN-CDR, GSMaP, and ERA5, 
respectively.See Table 4. 

GSMaP recorded the lowest RMSE at two stations: 1.52 mm at Suq Al-Soyokh and 
1.39 mm at Al-Chibayish. In contrast, ERA5 had the lowest RMSE at the Al-Shatra station, 
with a value of 1.34 mm. CHIRPS recorded the lowest RMSE at the Al-Fajr station, 
measuring 0.03 mm. For further details, refer to Fig.5. 

The MAE for TRMM, IMERG, and PERSIANN-CDR was 0.57 mm at the Al-Fajr 
station. Meanwhile, GSMaP showed MAE values ranging from 20 mm to 30 mm at four 
different stations. CHIRPS had the lowest MAE at the Al-Fajr station, while MERG 
recorded the highest MAE at Al-Chibayish, with values of 0.03 mm and 1.63 mm, 
respectively. 
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Table 4. shows the meanings of the symbols used in the precipitation data quality 
metrics 

GWS Rainfall data 
source 

RMSR CoC N ME MAE BIAS 

Al-Shtraa station TRMM  2.18 0.50 748 -0.19 0.34 0.42 
IMERG 3.37 0.60 2037 0.61 0.73 3.51 
PERSIANN-
CDR 

1.87 0.45 3069 0.17 0.42 1.71 

CHIPS  3.08 0.85 612 1.19 1.35 7.04 

GSMaP 1.60 0.52 1406 0.00 0.30 1.00 
ERA5 1.34 0.52 1406 0.00 0.16 1.00 

Al-Fajr station TRMM  3.72 0.32 1083 0.45 0.57 2.63 
IMERG 3.72 0.32 1083 0.45 0.57 2.63 
PERSIANN-
CDR 

3.72 0.32 1083 0.45 0.57 2.63 

CHIPS  0.03 0.30 214 0.03 0.03 7.14 

GSMaP 2.11 0.48 1287 -0.30 0.30 0.00 
ERA5 0.95 0.78 1020 0.04 0.08 1.16 

Al-Shuyoukh 
station 

TRMM  1.79 0.29 2100 0.13 0.53 1.46 
IMERG 5.22 0.52 3527 0.94 1.06 4.43 
PERSIANN-
CDR 

2.57 0.40 3164 0.26 0.52 2.02 

CHIPS  3.29 0.25 634 1.45 1.62 7.19 

GSMaP 1.52 0.60 3478 -0.01 0.28 1.01 
ERA5 1.76 0.55 2291 -0.29 0.29 0.00 

Al-Chibaish 
Station 

TRMM  1.96 0.20 2529 0.50 0.80 3.42 
IMERG 4.89 0.40 2529 1.56 1.63 8.48 
PERSIANN-
CDR 

2.36 0.39 2631 0.40 0.53 2.53 

CHIPS  2.65 0.14 520 1.18 1.33 7.73 

GSMaP 1.39 0.52 2631 -0.06 0.22 0.70 
ERA5 1.55 0.60 2631 -0.16 0.16 0.00 
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Figure 5. Statistical metrics for different precipitation data sources in four GWSs 

 
 Figure 5. Quality metrics for different precipitation data sources in four GWS 
 

The best CoC value was for CHIRPS at Al-Shatra station, ERA5 at Al-Fajr, Al-
Chibayish, and GSMaP at Suq Al-Soyokh. The ERA5 precipitation reading bias value is 
close to zero at the Suq Al-Soyokh and Al-Chibayish stations. On the other hand, the 
value of the bias precipitation reading was one for GSMaP and ERA5  at  Al-Shatra 
station. Unlike Al-Shatra station, GSMaP recorded a bias value approaching zero at Al-
Fajr station. 

In four GWSs, ERA5 did not record any quality measure. The value of CSI varied 
across the five data sets, with the highest value recorded at Suq Al-Soyokh station (0.41 
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for GSMaP) and the lowest at Al-Shatra station (0.07 for CHIRPS). The highest FAR was 
observed with CHIRPS data at Al-Shatra station, reaching a value of 0.92, while the 
lowest FAR was noted at Suq Al-Soyokh station for GSMaP data, which had a value of 
0.44.CHIRPS demonstrated the highest POD compared to the other data sets at both Suq 
Al-Soyokh  and Al-Chibayish stations. IMERG achieved the best POD at Al-Shatra 
station, while POD values were equal for TRMM, IMERG, and PERSIANN-CDR at Al-
Fajr station. See Fig.5. 
 

CONCLUSIONS  
Fundamental Finding: The findings indicate that CHIRPS data can serve as an effective 
alternative to GWSs for studying drought and hydrology. In this context, CHIRPS ranks 
first, followed by TRMM and then IMERG. This validation was based on quality metrics 
rather than purely statistical metrics. While ERA5 statistically achieves the best results, it 
has the lowest quality in terms of precipitation data. Implication: Based on the above, 
we conclude that quality measures are better at verifying the validity of data when it 
comes to temporal and numerical discrepancies between GWSs and RE 
techniques/reanalyzed data, as these measures are not sensitive to the number of 
observations. Limitation: Data validation using statistical measurements conducted 
under conditions of variability and unequal observations at the four precipitation 
measuring stations provides an inaccurate representation of the rainfall data from RE 
techniques/reanalyzed data. Future Research: For future work and to verify the results 
in other Iraqi regions, and to integrate with hydrological models, we recommend 
following the statistical method and quality metrics ِ and use CHIRPS in national drought 
monitoring programs, integrating with Iraqi meteorological services. 
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