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Introduction: Clouds are among the most important climatic elements affecting
atmospheric and hydrological systems and play a key role in Earth's energy balance and
hydrological cycle. Understanding the spatial and temporal patterns of mid-level clouds is
crucial due to their influence on precipitation, temperature, and radiative balance, which is
vital for water resources management, agriculture, and weather forecasting.

Obijective: This study aimed to investigate the spatial distribution and long-term (30-year,
1990-2020) trends of mid-level clouds in Khuzestan Province and to analyze their
variations during warm and cold seasons.

Methodology: Mid-level cloud data were obtained from the ERAS reanalysis dataset with
a spatial resolution of 0/25° for the 30-year period. Analyses included calculating spatial
and seasonal averages of cloudiness, examining 30-year time series trends using the Sen’s
slope estimator and the non-parametric Mann-Kendall test, and visualizing the data using
GIS software.

Findings: Results indicated that mid-level clouds have a higher contribution to total
cloudiness during the cold season, with an average cloudiness of about 37% compared to
only 0/5% in the warm season. Spatial distribution varied, with the northern and
northeastern regions exhibiting the highest cloudiness and the southern and southeastern
regions the lowest. Although annual fluctuations were observed over the 30-year period,
no statistically significant long-term trend was detected.

Conclusion: Understanding the spatial and temporal patterns of mid-level clouds can
support water resource management, agricultural planning, precipitation forecasting, and
drought risk reduction. However, limitations such as spatial and temporal errors in
reanalysis data and unconsidered short-term fluctuations exist. Future studies could
provide more precise analyses using higher-resolution satellite and ground-based
observations.
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Introduction

Mid-level clouds, typically residing between approximately 2,000 and 6,000 meters in altitude, constitute a vital
yet complex component of the Earth's climate system. Their significance stems from a dual role in atmospheric
processes: they exert a critical influence on the planetary radiation balance by both reflecting incoming solar
shortwave radiation and trapping outgoing terrestrial longwave radiation, and they are intrinsically linked to the
hydrological cycle, often serving as precursors to various precipitation types. Despite their importance, mid-level
clouds remain less studied compared to their low and high-altitude counterparts, presenting a considerable
uncertainty in climate models. This study narrows this focus to investigate mid-level clouds over Khuzestan
Province in southwestern Iran, a region characterized by a hot and arid climate but also marked by significant
seasonal variability and vulnerability to extreme climatic events, including droughts and intense precipitation. Its
location adjacent to the moisture source of the Persian Gulf makes its cloud and precipitation dynamics
particularly sensitive to regional climatic shifts. The overarching goal of this research is to conduct a detailed
spatiotemporal analysis of mid-level cloud patterns over a substantial 30-year period, from 1990 to 2020. This
extended timeframe is crucial for distinguishing long-term climatic trends from short-term meteorological
variability. A specific objective is to generate and analyze high-resolution spatial distribution maps that delineate
patterns specifically for the warm and cold seasons separately, acknowledging the region's stark seasonal
contrasts. Preliminary data indeed confirms a major seasonal disparity, with the frequency of cloudy days in
winter being more than double that observed in summer, highlighting the necessity of a seasonally-disaggregated
investigation. A primary aim of this study is to quantitatively determine the contribution of mid-level clouds to
the total cloud cover, with a particular emphasis on the cold season where their presence is most pronounced.
Furthermore, employing advanced statistical trend analysis techniques, the research rigorously analyzes the long-
term trends in mid-level cloud cover during both seasons to identify any potential signals of climate change
manifesting in this region. The practical impetus for this work is robust; a precise understanding of these cloud
patterns is indispensable for enhancing the accuracy of local weather forecasting models, optimizing strategic
planning in water resource management—a critical concern for this arid region—informing agricultural
practices, and improving preparedness for climate-related crises. By addressing a pronounced research gap in the
regional climatology of a vulnerable area, this study ultimately seeks to provide a refined understanding of
regional climate behavior, thereby contributing valuable insights for effective environmental planning and
proactive crisis management.

Objective:

This study aimed to conduct a comprehensive analysis of the spatial distribution and long-term (30-year: 1990—
2020) trends of mid-level clouds over Khuzestan Province, Iran. A primary focus was placed on quantifying and
understanding the pronounced seasonal disparities in cloud cover between the warm and cold periods of the year.
This research addresses a critical gap in regional climatological studies, as mid-level clouds play a pivotal yet
understudied role in the area's radiation balance, hydrological cycle, and overall climate dynamics.

Materials and Methods

The investigation utilized high-resolution mid-level cloud data extracted from the ERA5 global reanalysis
dataset, which provides a detailed spatial resolution of 0.25° x 0.25°. Data in NetCDF format for the specified
30-year period formed the core of the analysis. The methodological framework involved several key steps:
calculating long-term seasonal (warm and cold periods) and spatial averages, mapping the geographical
distribution patterns of cloudiness, and performing a robust time-series trend analysis. The non-parametric
Mann-Kendall test was employed to assess the statistical significance of observed trends, while Sen’s slope
estimator was used to quantify the magnitude of these trends. All spatial visualizations, including comparative
maps for four decadal snapshots (1990, 2000, 2010, and 2020), were generated using Geographic Information
Systems (GIS) software.

Results

The analysis revealed a stark seasonal contrast in the influence of mid-level clouds. During the cold season, these
clouds contributed significantly to the total cloud cover, with an average cloudiness of approximately 37%. In
stark contrast, their contribution during the warm season was negligible, averaging a mere 0.5%. Spatially, the
highest concentrations of mid-level cloudiness were consistently identified in the northern and northeastern
sectors of the province, whereas the southern and southeastern regions exhibited the lowest values. Despite
notable inter-annual variability observed throughout the three-decade period, the Mann-Kendall test confirmed
that there was no statistically significant long-term increasing or decreasing trend in mid-level cloud cover over
Khuzestan Province as a whole.
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Conclusion and Practical Implications:

This study concludes that mid-level clouds are a dominant feature of the cold-season climate in Khuzestan
Province, with a distinct and persistent spatial pattern. The absence of a significant long-term trend suggests a
relative stability in this climatic variable over the past 30 years, within the limitations of the data. The findings
have substantial practical implications; a detailed understanding of these patterns is invaluable for enhancing the
accuracy of regional precipitation forecasts, improving water resource management strategies, optimizing
agricultural planning, and developing more effective drought early warning systems. A key limitation of this
study is the inherent uncertainty associated with reanalysis data, which can smooth out localized, short-term
fluctuations. Future research should aim to integrate and validate these findings with higher-resolution satellite
imagery and ground-based ceilometer observations to achieve a more granular and precise understanding of
cloud dynamics in the region.

Keywords: Cloudiness, Mid-level clouds, Temporal and spatial distribution, Khuzestan province.
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1. European Centre for Medium-Range Weather Forecasts (ECMWF)
2. Low Cloud Cover

3. Cloud Fraction

4. https://cds.climate.copernicus.eu/
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