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Accepted:2024/10/02 | The estimation and measurement of precipitation in situ presents considerable
challenges due to factors such as exorbitant costs, a scarcity of monitoring stations,
point sampling limitations, and its lack of generalizability to broader surface areas.
Consequently, it is imperative to evaluate the accuracy of satellite-derived
precipitation products as viable alternatives to conventional field measurements.
Given that precipitation is influenced by the climatic conditions and physiographic
characteristics inherent to specific regions, this study aims to not only validate and
verify satellite precipitation products but also to examine the impact of temperature
and elevation on the efficacy of MERRA, TRMM, and CHIRPS satellite precipitation
products over a monthly scale from 2005 to 2019, utilizing data from 222 synoptic
stations located throughout Iran. The findings indicated that the root mean square
error for the TRMM, MERRA, and CHIRPS satellites was recorded at 23.8 mm, 30.6
mm, and 35 mm respectively, suggesting a superior performance of the TRMM
satellite in comparison to the other two products. Moreover, the results
demonstrated that the TRMM satellite consistently outperformed the other two
satellites across all temperature and elevation classifications. At elevations below
500 m and above 1500 m, as well as at temperatures less than 18 °C, MERRA
exhibited superior performance relative to CHIRPS, offering more accurate
estimations of actual precipitation. Overall, the results indicate that TRMM satellite
products may serve as a reliable substitute for observational data, as this satellite
not only demonstrates commendable performance in the assessment of satellite
products but also excels across varying elevation and temperature conditions.
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_ The Effect of Ground Elevation and Temperature on the Satellite Products

Extended Abstract

Introduction
ater is regarded as an essential resource for both biological and anthropogenic phenomena,

serving as the fundamental basis for the sustainability of life on planet Earth; Precipitation,
as a critical element of the hydrological balance and a pivotal component of the
hydrological cycle, significantly contributes to hydrological and meteorological research,
as well as the spatial and temporal distribution of accessible water resources. However,
given that precipitation is contingent upon climatic conditions and the physiographic
attributes of a region, substantial temporal and spatial variability in precipitation can
profoundly influence the environmental characteristics of distinct geographical locales,
thereby introducing considerable complexity in the assessment of precipitation on a larger
scale. Consequently, it is imperative to accurately estimate and measure precipitation
across extensive areas. Nonetheless, the measurement of precipitation at ground levels
poses considerable challenges due to the high variability of this parameter across both
spatial and temporal dimensions, coupled with the elevated costs and the scarcity of
monitoring stations, as well as the limitations of point measurements and the difficulties
in extrapolating to broader surfaces, which consistently present obstacles for researchers
engaged in hydrological and atmospheric investigations. Thus, the utilization of
precipitation products obtained via satellite technology to estimate precipitation data at a
regional scale, particularly in regions deficient in ground-based monitoring stations,
represents a novel solution. However, satellite-derived data are also subject to various
inaccuracies, including uncertainties in sampling, retrieval errors, and intrinsic errors
resulting from indirect measurements facilitated by remote sensing systems. Therefore, it
is essential to evaluate these satellite systems and verify the accuracy of their data prior to
application. To date, rainfall data derived from a multitude of satellite sources with
varying temporal and spatial resolutions have been disseminated, and in the past decade,
numerous studies have been conducted pertaining to these datasets. Additionally, a variety
of satellites are operational in this domain, including the TRMM, MERRA, and CHIRPS
satellites.

Methodology

In the present study, while assessing the validity of satellite precipitation products through
the application of the root mean square error (RMSE) statistical index and further
corroborating these findings via the success threshold matching index (CSI), we examined
the influence of temperature and altitude on the efficacy of precipitation products. The
analysis encompassed MERRA, TRMM, and CHIRPS satellites on a monthly basis,
covering the timeframe from 2005 to 2019, utilizing data from 222 synoptic stations
distributed across Iran.

Result

The empirical findings demonstrated that the root mean square error values for the TRMM,
MERRA, and CHIRPS satellites are 23.8, 30.6, and 35 mm, respectively, thereby indicating
the superior performance of the TRMM satellite in comparison to the other two. By
scrutinizing the success threshold index, it can be concluded that all three satellites exhibit
commendable and nearly indistinguishable performance, as evidenced by index values of
0.864, 0.797, and 0.776 for MERRA, TRMM, and CHIRPS satellites, respectively.
Furthermore, the results indicated that the TRMM satellite consistently outperforms the other
two satellites across all temperature and altitude classifications. Specifically, at altitudes below
500 m and above 1500 m, as well as temperatures under 18 °C, MERRA has demonstrated
superior performance relative to CHIRPS, thereby yielding more accurate estimations of actual
precipitation.

Discussion
The findings derived from this investigation align significantly with the studies conducted
across various global regions; for instance, Nazaft et al. from the synoptic station in Iran
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determined that the monthly precipitation estimations derived from the CHIRPS dataset
exhibited inferior performance relative to PCDR. Kikhosravi-Kiani et al. (2022), in their
evaluation of satellite products pertinent to Iran, demonstrated that TRMM exhibits
superior efficacy compared to CHIRPS. The collective outcomes of the investigations by
Asakre et al. (2014), Nagvi et al. (2014), Azizian and Amini (2019), Mohammadi and
Lashkari (2017), Pourali and Masah Bowani (2012), Jafarpour (2011), and Chen et al.
(2011) indicated that variations in temperature and altitude are significantly correlated
with fluctuations in precipitation.

Conclusion

In summary, the findings indicated that TRMM satellite products are viable alternatives
to observational data due to the satellite's superior performance in the assessment of
satellite products across all temperature classifications, thereby outperforming the other
two satellites.
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Figure 1. The spatial arrangement of chosen synoptic observation stations across the territory of Iran
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Table 2. Statistical methodologies and tabular indices employed within the scope of this investigation
(Rasoulzadeh et al., 2023; Mekonnen et al., 2023; Zhang et al., 2022; Bayable et al., 2021)
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Table 3. Contingency table 2x2
(Mekonnen et al., 2023; Rasoulzadeh et al., 2023; Ghaedamini et al., 2021; Azizian & Amini., 2020)
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Figure 5. Evaluation of the efficacy of MERRA satellite-derived precipitation products utilizing assessment metrics
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