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Precipitation is an important variable in hydrological studies. The high
spatial and temporal variability of precipitation makes it difficult to
monitor it with observations. The use of satellite data and weather models
is a suitable solution for this problem. But, before using these data, their
spatial and temporal accuracy should be considered. The aim of this study
was to evaluate the accuracy of monthly precipitation data
TRMM_3B43_V7, PERSIANN, and ECMWF-ERADS in comparison with
the data of 13 observation stations in the South Baluchestan basin during
the period 2000 to 2018. For statistical evaluation of the mentioned data,
the coefficient of determination (R?), N-S efficiency factor, the degree of
bias (BIAS), index agreement (IA), and ratio root mean square error
(RRMSE) were used. The results showed that the best performance was
exhibited by TRMM (R?=0.624) and ERA5 (R?=0.562), respectively.
PERSIANN data (R?=0.307) did not provide an accurate estimate of
precipitation. TRMM data are usually better estimated in areas far from
the sea, which usually have higher elevations and receive more
precipitation. The TRMM data is overestimated and the ERAS data is
underestimated. Data from both databases performed better in the winter
months.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

Temporal and spatial monitoring of precipitation

spatial variability of precipitation, limited
density, and inadequate dispersion of the
measurement stations, it is important to use

is very important for managers and planners at
the national and local levels and scientists in
various fields. Due to the high temporal and
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satellite data and weather models, which can be
used for points without stations or to compensate
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for the data lack in years when data were not
recorded. It is also used in software, such as
SWAT, which requires network rainfall. This
research evaluated data of Tropical Rainfall
Measuring Mission (TRMM) version 3B43_7,
Precipitation Estimation from Remotely Sensed
Information using Artificial Neural Network
(PERSIANN), and European Centre for
Medium-Range Weather Forecasts (ECMWF)
version ERA5 by observational data. This
assessment was carried out in South Baluchistan,
which suffers from a lack of high-precision data
and suitable scattering. It is tried to solve data
shortages in the cheapest and best possible way,
and the data are used in other application projects
such as flood and drought management. Features
of this research is evaluation of three
precipitation databases with completely different
nature, high spatial resolution and updating with
small time delay.

Material and Methods

The South Baluchistan basin with an area of
about 48558 km? is located in southeastern Iran.
Based on the available observational data, 13
stations (synoptic, climatology, and rain gauge)
were selected, which had a suitable distribution
in the region and their data were more reliable.
Since the database data is a network, to obtain
the data at the station location, bilinear
interpolation was used. The accuracy of the
databases was evaluated by the coefficient of
determination (R?), Nash Sutcliffe efficiency
factor (NSE), the degree of bias (BIAS), index
agreement (IA), root mean squared error
(RMSE), and ratio root mean square error
(RRMSE), which are widely used in comparative
analysis to compare model data with observation
data. Monthly precipitation data of observational
stations with data from the TRMM, PERSIANN,
and ERA5 databases were arranged in matrices
with dimensions 13x226, in which 13 represents
the number of stations and 226 represents the
number of months from March 2000 to the end
of 2018. To calculate different statistics, the data
of all observation stations and networked
databases in the period were prepared in a matrix
of 2938x4 in which 4 represents observation
stations, TRMM, PERSIANN, and ERA5, and
2938 is the result of 226x13. For spatial
assessment, the data of each observation station
were prepared with the data of each of the
databases in a matrix of 226x2, and different
statistics were calculated for each station. Then,
zoning maps were drawn showing each of the
statistics at its location. For temporal assessment,
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first, the statistics related to each month in all
stations were calculated, and then monthly and
seasonal data were analyzed.

Results

To see the amount of precipitation in the region,
Fig. 1 shows the rainfall zoning map. Annual
precipitation zonation indicates that in more
southern latitudes, which are closer to the sea,
rainfall is lower. As one gets far from the sea and
the elevation increases, rainfall increases.

Precipitation |
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Fig. 1 Zoning of annual rainfall at observation stations
during 2000 to 2018

The assessment of data, regardless of time and
locality, between observation stations and each
of the databases show the best performance for
TRMM precipitation data, indicated by all
calculated statistics. After the TRMM, the more
efficient performance is for ERAS precipitation
data. According to BIAS, the TRMM data were
overestimated and the PERSIANN and ERAS5
data were underestimated. Table 1 presents the
different statistics index.

Table 1 Different statistic values in several databases
compared to observational data

Statistics

TRMM PERSIANN ERAS5
Index
R? 0.624 0.307 0.562
NSE 0.609 0.261 0.554
BIAS 0.687 -2.457 -1.946
1A 0.883 0.706 0.833
RMSE 14.69 20.2 15.693
RRMSE 4,726 6.498 5.048
For spatial assessment, statistical inference

zoning maps were drawn along with the value of
statistics at its location. R? indicates that the best
performance is related to TRMM and then
ERAS5. Also, IA, which evaluates the inerrant of
the model estimations without considering the
correlation indicates that most agreement is on
TRMM data and then ERA5. PERSIANN has the
lowest agreement at all stations. Analogously,
NSE and RRMSE indicate that the best
performance is related to TRMM followed by
ERA5 and PERSIANN. For temporal
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assessment, the data of all observation stations,
regardless of their location, were compared with
the data of each database in each month. The R?
indicates that the highest correlation of TRMM
and ERA5 data is in winter- in January,
December, and February, respectively, and the
lowest correlation of TRMM is in September and
ERADS is in October. According to IA, the highest
agreement is equal to 0.939 for the TRMM data
in January and the lowest agreement is equal to
0.349 for the ERAS5 data in October. The
seasonal assessment shows the best performance
for TRMM in winter, spring, summer, and
autumn, respectively. Due to the location of the
South Baluchistan basin, which is located in the
coastal areas north of the Sea of Oman and near
the tropics. It has a sufficient temperature in all
seasons of the year. Precipitation in this region is
mostly due to the influence of western windfall
systems from the end of autumn and the
monsoon of India in summer. Winters, spring
and summer are wet and TRMM performance is
proper in wet seasons. According to BIAS,
TRMM is overestimated for the summer season
and underestimated for other seasons. In the
annual assessment, according to all statistics, the
best performance is related to TRMM, ERADS,
and PERSIANN, respectively, and TRMM is
overestimated, and ECMWF and PERSIANN are
underestimated.

Conclusion
The assessments of the monthly precipitation
data of different databases by observational data
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in the South Baluchistan basin showed that:
according to different statistics, the best
performance is related to TRMM and ERADS,
respectively. PERSIANN data did not provide an
accurate estimate of precipitation. The TRMM
monthly precipitation data provided a proper
estimation in areas farther from the sea where
altitudes and precipitation are higher. It also
performed better in the winter months. The data
of this database is usually overestimated. The
ERA5 has the best estimates for the winter
months. And the worst in spring, and its data are
usually underestimated. Due to a more accurate
estimation of TRMM and ERA5 precipitation
data in the South Baluchistan basin, it is
recommended to use the data of one of these
databases or a suitable combination of the data of
these two databases for water resource
management.

Data Availability

Preliminary data were obtained from the
Meteorological Administrative and Regional
Water Sistan & Baluchistan Company. Some of
the data produced are provided in the paper.
Those not provided in the paper can be sent by
the corresponding author upon request.
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Table 1 Details of the studied stations

No Station Type Latitude Longitude Elevation Mean Anual
' (N) (E) (m) Precipitatin (mm)

1 Chabahar Synoptic 25017 60° 37 8 97.1

2 Nikshahr Synoptic 26° 14 60012 510 151.2

3 Rask Synoptic 26° 14" 61°24° 406 134.9

4 Bahokalat Climatology 25042 61° 25 120 93

5 Sarbaz Climatology 26° 38" 61° 16° 880 160.4

6 ghasreghand Climatology 26° 13" 60° 44" 500 125.7

7 Kahir Rain gauge 25° 35 60° 05 88 89.7

8 Chanf Rain gauge 26° 39’ 60° 30 1200 152.2

9 Bent Rain gauge 26°21° 59° 35 510 144.8

10 Polan Rain gauge 25° 36" 61° 06" 30 90.5

11 Pishin Rain gauge 26° 05 61° 47 700 1111

12 Ashar Rain gauge 26°41° 61° 41 1050 135.1

13 Zrabad Rain gauge 25°31 590 21" 16 71.9
o..x;bc;gli)’)\ Sleass Slasin 4ods ol as S ERAS bl ol sleesls (b Lg)LcT awlae gl

Lol 00T (V) Jga yo

Sy opl yo

s ECMWE 4 PERSIANN .TRMM_3B43_V7

CIVOX YD 7 g0g 4z 10) ools slasloly ;o dnlllass g slodsns Slasin -V Joo
Table 2- Details of the studied versions (Resolution: 0.25%0.25°)

Institute production Delay update . .
Data site Data Type Format Period Coverage Version
National Aeronautics and Space HDF4
Administration (NASA) _ 2 months HDE January 50°S to TRMM_
Japan Aerospace Exploration A 1998 to o
precipitation GDS 50°N 3B43_V7
Agency (JAXA) NetCDE present
https://pmm.nasa.gov/i TRMM
Center for Hydrometeorology and ArcGrid March
Remote Sensing (CHRS) 2 days : 2000 to 60°S to
- - - - . A Tif o PERSIANN

University of California, Irvine precipitation present 60°N

. ; NetCDF
http://chrsdata.eng.uci.edu

. 1 day

European Centre for Medium-Range ST
Weather Forecasts (ECMWF) Frecipitalion.  Grip Ay C\;’YQS;Z ECMWF-
International P ' NetCDF ERA5

. . . Pressure, present
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Table 3 Different statistic values in precipitation databases compared to observational data

Data Base R? NSE BIAS 1A RMSE RRMSE
TRMM 0.624** 0.609 0.687 0.883 14.690 4.726
PERSIANN 0.307** 0.261 -2.457 0.706 20.200 6.498
ERA5 0.562** 0.554 -1.946 0.833 15.693 5.048
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Table 4 Values of different statistics in precipitation databases compared to observational data in several months

Month Data Base R? NSE BIAS 1A RMSE RRMSE
TRMM 0.794** 0.793 -1.117 0.939 18.765 3.56
January PERSIANN 0.325** 0.052 -19.563 0.539 40.154 7.618
ERAS 0.746** 0.689 -6.332 0.885 22.998 4.363
TRMM 0.590** 0.582 -0.671 0.839 18.803 4.42
February PERSIANN 0.346** 0.098 -11.993 0.525 27.637 6.496
ERAS 0.546** 0.542 -1.661 0.834 19.685 4.627
TRMM 0.481** 0.411 4.195 0.81 15.205 4.056
March PERSIANN 0.407** 0.358 -1.605 0.786 15.864 4.231
ERAS 0.433** 0.269 1.882 0.8 16.928 4515
TRMM 0.392** 0.388 0.438 0.74 6.453 3.446
April PERSIANN 0.176** -0.616 3.67 0.599 10.491 5.602
ERAS 0.292** 0.13 0.244 0.718 7.699 4111
TRMM 0.226** -0.351 1.717 0.656 8.414 4.728
May PERSIANN 0.224** -2.176 4.694 0.561 12.902 7.249
ERAS 0.219** 0.21 -0.242 0.6 6.433 3.614
TRMM 0.528** 0.406 2.483 0.843 31.029 8.14
June PERSIANN 0.756** 0.755 -0.902 0.924 19.911 5.223
ERAS 0.509** 0.436 -7.222 0.729 30.219 7.927
TRMM 0.405** 0.343 2.071 0.775 10.966 4.969

July PERSIANN 0.519** -1.68 7.382 0.703 22.142 10.034
ERAS 0.368** 0.312 -2.114 0.617 11.219 5.084
TRMM 0.339** 0.329 -0.929 0.664 10.21 4.269
August PERSIANN 0.261** -1.095 2.619 0.637 18.039 7.542
ERAS 0.227** 0.119 -2.63 0.636 11.7 4.892
TRMM 0.124** 0.115 -0.255 0.444 6.21 4.035
September PERSIANN 0.127** 0.082 -1.12 0.477 6.326 411
ERAS 0.181** 0.106 -1.295 0.359 6.242 4.056
TRMM 0.199** 0.198 0.003 0.517 7.961 4.572
October PERSIANN 0.107** 0.068 -1.713 0.42 8.584 4.93
ERAS 0.084** 0.049 -1.642 0.349 8.67 4.979
TRMM 0.439** 0.425 0.076 0.796 9.633 4.106
November PERSIANN 0.536** 0.487 -1.742 0.846 9.101 3.879
ERAS 0.456** 0.317 0.223 0.814 10.503 4.476
TRMM 0.761** 0.76 0.066 0.93 13.134 3.425
December PERSIANN 0.316** 0.076 -10.57 0.481 25.797 6.726
ERAS 0.631** 0.62 -2.785 0.783 16.537 4312
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Table 5 Values of different seasonal and annual statistics in precipitation databases compared to observational

data

Season Data Base R? NSE BIAS 1A RMSE RRMSE
TRMM 0.494** 0.562 -0.772 0.849 14.074 4,774
Spring PERSIANN 0.314** -0.413 0.457 0.284 25.274 8.573
ERA5 0.462** -0.472 -1.153 0.255 25.794 8.749
TRMM 0.509** 0.411 1.208 0.835 19.894 6.875
Summer PERSIANN 0.539** 0.399 3.033 0.846 20.101 6.946
ERA5 0.465** 0.417 -3.989 0.718 19.798 6.842
TRMM 0.334** 0.327 -0.059 0.711 8.057 4,226
Autumn PERSIANN 0.364** 0.321 -1.525 0.741 8.094 4,245
ERA5 0.310** 0.225 -0.905 0.720 8.649 4,537
TRMM 0.740** 0.739 -0.563 0.919 17.045 3.802
Winter PERSIANN 0.336** 0.095 -13.979 0.523 31.742 7.081
ERA5 0.665** 0.646 -3.578 0.873 19.859 4,430
TRMM 0.575** 0.543 8.486 0.862 51.465 4,702
Year PERSIANN 0.316** 0.042 -30.187 0.729 74.537 6.810
ERA5 0.424** 0.326 -23.859 0.744 62.500 5.710
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Fig. 7 Time series of average annual precipitation at stations compared to TRMM, PERSIANN and ERA5
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