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This study aimed to conduct a bibliometric analysis of the application of remote
sensing in analyzing spatio-temporal rainfall changes in Iran during the period 2004 to
2024. The purpose of this analysis was to provide a macro and structured view of the
research status in this field, identify publication trends, key players, and conceptual
developments. Data related to articles published in the Web of Science database were
analyzed using R biblioshiny and VVOSviewer software. The findings of this research
show that the field of application of remote sensing in rainfall estimation in Iran, with
an annual growth rate of 25.20%, has high dynamism and extensive international
collaborations have been formed within it. The review of highly cited articles indicates
that the utilization of advanced satellite data such as GPM-IMERG, TRMM, and
PERSIANN, along with downscaling methods based on non-linear relationships (such
as the use of NDVI in semi-arid and humid regions) and accurate calibration techniques
(using ground station data), has played a significant role in improving the accuracy of
rainfall estimation. These achievements can be effective in formulating water resource
management policies in Iran as follows: 1) Focusing on the use and development of
infrastructure related to high-accuracy satellite data. 2) Applying advanced
downscaling and calibration methods in the production of rainfall data with appropriate
spatial resolution for use in hydrological models. 3) Prioritizing research focused on the
analysis of rainfall climate change trends using remote sensing data. By providing this
bibliometric framework, this research, while outlining the current situation, provides a
basis for guiding future research and making informed decisions in the field of water
resource management in Iran.
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EXTENDED ABSTRACT

Introduction: Accurate and high-resolution rainfall data are paramount for effective water resource
management, agricultural planning, and disaster risk reduction, particularly in arid and semi-arid regions like
Iran that are increasingly vulnerable to the impacts of climate change. Over the past two decades, remote
sensing technologies have emerged as a transformative tool for providing spatially continuous and temporally
consistent rainfall information, overcoming the inherent limitations of traditional ground-based rain gauge
networks, such as uneven distribution and maintenance challenges. Understanding the trajectory and current
state of research in this critical domain is essential for guiding future investigations and informing policy
decisions. Bibliometric analysis, a quantitative approach to studying scholarly literature, offers valuable insights
into the evolution, trends, key contributors, and intellectual structure of a specific research field. This study aims
to provide a comprehensive bibliometric analysis of the research landscape focusing on the application of
remote sensing in analyzing spatio-temporal rainfall changes in Iran during the period 2004 to 2024. By
systematically analyzing scholarly publications, this research identifies key trends, influential authors, leading
institutions, prevalent research themes, and the evolution of methodologies, thereby offering a foundational
understanding for researchers and policymakers in this vital area.

Methodology: The data for this bibliometric analysis were extracted from the Web of Science (WoS) core
collection, a comprehensive database of high-quality, peer-reviewed publications. A targeted search strategy
was employed, utilizing relevant keywords and Boolean operators to identify publications focusing on the
application of remote sensing for rainfall analysis in Iran. The search terms included a combination of general
terms such as "remote sensing," "rainfall," "precipitation," and "lran," alongside specific terms related to
prominent satellite missions and precipitation products (e.g., GPM, TRMM, IMERG, PERSIANN), and analysis
techniques (e.g., downscaling, validation, hydrological models). The search was limited to publications within
the 2004-2024 timeframe to capture the evolution of the field over the past two decades. The retrieved dataset
was rigorously refined to include only peer-reviewed articles published in reputable journals indexed in WoS,
excluding conference proceedings, book chapters, and other document types to ensure the quality and impact of
the analyzed literature. The bibliometric analysis was conducted using a combination of R software with the
'bibliometrix' package (accessed through the Biblioshiny web interface) and VOSviewer software. These tools
facilitated a comprehensive analysis of publication trends (annual growth rate, document types), citation
analysis (total citations, average citations per article, H-index), authorship patterns (most productive and cited
authors, co-authorship networks), institutional collaborations (leading institutions, co-authorship networks), and
keyword analysis (frequency, co-occurrence networks, and temporal dynamics of keywords).
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Results and Discussion: The analysis of the retrieved dataset revealed a significant and consistent growth in the
number of publications focusing on the application of remote sensing for rainfall analysis in Iran over the study
period. Starting from a modest number of publications in the early 2000s, the annual output demonstrated a
substantial increase, particularly after the launch and widespread adoption of advanced satellite missions and
precipitation products. The calculated annual growth rate of approximately 25.20% underscores the increasing
recognition and importance of this research area within the Iranian scientific community and its relevance to
global water resource challenges. Citation analysis identified key publications that have significantly influenced
the field, highlighting the pivotal role of studies evaluating the accuracy and applicability of satellite-based
precipitation products (e.g., GPM-IMERG, TRMM, PERSIANN) under diverse Iranian climatic conditions.
Leading institutions, notably the University of Tehran and the Islamic Azad University, emerged as prominent
contributors to the research output, demonstrating strong national and international collaborative networks. Co-
authorship analysis revealed the interconnectedness of researchers within Iran and with international partners,
fostering knowledge exchange and the dissemination of best practices. The keyword analysis provided valuable
insights into the evolving research themes. Early research tended to focus on fundamental aspects of remote
sensing and the utilization of data from earlier satellite missions. Over time, the research focus shifted towards
more sophisticated topics, including advanced downscaling techniques to enhance the spatial resolution of
satellite rainfall estimates, the integration of remote sensing data with hydrological models for improved water
resource management and flood forecasting, and a growing emphasis on understanding the impacts of climate
change on rainfall patterns in Iran. The temporal analysis of keywords further illustrated this evolution, with a
recent surge in the prominence of terms like "climate change," "performance evaluation," "bias correction," and
specific advanced satellite products, reflecting the current research priorities in the field.

Conclusion: This comprehensive bibliometric analysis provides a systematic and data-driven overview of the
research landscape concerning the application of remote sensing in analyzing spatio-temporal rainfall changes in
Iran between 2004 and 2024. The findings highlight the significant growth and increasing maturity of this
research area, driven by advancements in remote sensing technology and the pressing need for accurate rainfall
information in a water-scarce and climate-vulnerable country. The identification of key contributors (authors
and institutions), influential publications, and evolving research themes offers valuable guidance for future
research directions and resource allocation. The strong international collaboration observed underscores the
integration of Iranian research within the global scientific community. Moving forward, future research should
prioritize the development of localized and calibrated algorithms tailored to the specific climatic and
topographic conditions of Iran, the synergistic integration of multi-source data (satellite, ground-based, and
climate model outputs), and the exploration of novel applications of remote sensing-based rainfall data in
critical sectors such as precision agriculture, drought monitoring and early warning systems, and flood risk
management. This study serves as a valuable resource for researchers, policymakers, and stakeholders seeking
to understand the current state and future potential of remote sensing in addressing lran's water resource
challenges in the face of a changing climate.
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Figure 1- Overview of published articles on the application of remote sensing in rainfall data collection in Iran
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Table 1- List of the highly cited authors in the field of application of remote sensing in rainfall data collection in Iran
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Figure 5- Most relevant sources in the field of application of remote sensing in rainfall data collection in Iran
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