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Accepted: Providing data related to atmospheric precipitation is of vital importance in
November 9, 2025 hydrometeorological assessments at the basin level. On the other hand, access to

Available enline: ground data is often limited, so the use of estimated precipitation data by satellite

December 25, 2025 is more important. Due to indirect measurement and the nature of remote sensing,
satellite products have systematic errors compared to ground station data, which
need to be evaluated at each location. Therefore, in this study, the efficiency of
GPM satellite precipitation products and the error and bias correction of this
satellite data were investigated. In this study, to estimate the amount of

Keywords: precipitation, daily precipitation data from GPM satellite precipitation and data

Remote sensing, GPM from 27 synoptic stations of the Greater Karun basin were evaluated in the period

satellite, optimization from 2014 to 2019. To correct the bias of GPM satellite precipitation, Frank and

algorithms, uncertainty | Clayton detailed functions were used, the dependence parameter of these
functions was calculated using PSO, HO and TSA algorithms. To evaluate the
results, Bias, RBias, RMSE, CC, POD, CSI, and FAR statistics were used. The
results showed that the GPM satellite estimates the amount of precipitation at
lower altitudes more accurately than at higher altitudes, and the Clayton copula
function with the dependency parameter calculated using the PSO meta-heuristic
algorithm had better results than other algorithms used to correct the error and
bias of the GPM satellite precipitation products with a 13.1% improvement in
Bias, a 14.3% improvement in RMSE, and a 22.2% improvement in CC.

1.  Introduction

High-quality satellite precipitation product estimates provide a useful source of data for hydrological
applications and water resources planning, especially in developing regions that lack ground stations or
have irregularly distributed station networks. However, satellite precipitation product estimates are
subject to errors and biases relative to ground-based precipitation stations due to the nature of indirect
measurements. On the other hand, high-accuracy precipitation estimates are essential for hydrologists,
because the bias associated with satellite precipitation product estimates will be propagated to other
hydrological variables. Many studies have been conducted to evaluate satellite precipitation algorithms
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in different regions of the world, some of which used different methods to correct the error of satellite
products, but the error and bias of remote sensing satellite data have not yet been calibrated to an
acceptable level; Therefore, in this study, Archimedean copula functions were used to correct the
satellite precipitation bias.

2. Materials and Methods

In this study, satellite precipitation images of 100 specific precipitation days of the GPM satellite, which
is hereinafter called satellite precipitation, were prepared during the years 2014 to 2019, and satellite
precipitation cells at the locations of 27 synoptic stations in the study area were extracted and examined.
copula functions were used to correct the bias of satellite precipitation. In general, copula is a flexible
mathematical technique that connects a set of univariate marginal cumulative probability functions to
each other and produces a multivariate cumulative probability function. To calculate the dependency
parameter of the copula function, several methods such as moment, canonical maximum likelihood
(CML), maximum likelihood (MLM), rational function method for margins (IFM)) and optimization
algorithm methods (metaheuristics), each of which has several disadvantages and advantages, can be
used. In this research, the parameters of the detailed function were optimized using TSA, PSO, and HO
meta-heuristic algorithms, and various evaluation indices including Bias, RBias, RMSE, CC, POD, CSI,
and FAR were used for validation.

3.  Results

estimating precipitation is better for lower altitudes. However, regarding the estimation of the
occurrence or non-occurrence of precipitation, the POD, CSI, and FAR statistics were used, and it was
found that the GPM satellite has more accuracy in estimating the occurrence or non-occurrence of rain
at higher altitudes. Due to the indirect measurement of the precipitation phenomenon, the GPM satellite
precipitation products have errors and bias compared to rain measurement stations. To correct the bias
of the GPM satellite precipitation, the Clayton and Frank copula functions were used, and the
dependence parameter of the copula functions was calculated using the PSO, HO, and TSA meta-
exploration algorithms. After evaluating the data corrected by the copula functions, it was found that
the Clayton copula function with the optimized dependence parameter using the PSO meta-exploration
algorithm had better results than other algorithms. Considering the percentage of improvement in the
statistics used presented in Table (4), the results of this study are consistent with the results of research
by Moazami et al (2017) and Mokhtari et al (2021).

4.  Discussion and Conclusion

In order to use remote sensing data in hydrological models, it is essential to evaluate and correct data
bias. In this study, satellite precipitation products, GPM satellite were evaluated in the study area of the
Greater Karun Basin. The trend of changes in Bias, RMSE and CC statistics with increasing altitude
above sea level of the rainfall stations was evaluated, it was observed that the Bias value increased up
to 1500 meters, and at altitudes above 1500 meters, the bias value decreased with increasing altitude.
The RMSE value increased with increasing altitude and the CC value decreased with increasing altitude.
The trend of changes in POD, CSI and FAR statistics with increasing altitude of the rainfall stations
was evaluated, it was observed that the POD and CSI statistics increased with increasing altitude and
the FAR statistic decreased, in other words, the GPM satellite is more accurate in estimating the
occurrence or absence of rain at higher altitudes. 3. Discussion and Conclusions: Clayton and Frank
copula functions were used to correct the satellite precipitation bias and it was observed that the copula
function optimized with the PSO meta-heuristic algorithm had better results than other algorithms with
a 13.1% improvement in Bias, a 14.3% improvement in RMSE, and a 22.2% improvement in CC.
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