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Abstract

Climate change poses a critical challenge in arid and semi-arid regions, primarily through its adverse effects on
the hydrological cycle and water availability. This study investigates historical trends in temperature and
precipitation, evaluates changes in annual Water Yield (WY), and projects future climate conditions in the
Maharloo Wetland Basin, Fars Province, Iran. For the historical period (1991-2022), we employed ERAS5-Land
and TerraClimate reanalysis datasets. Future climate projections (2021-2040) were derived from downscaled
outputs of selected CMIP6 models under two Shared Socioeconomic Pathways: SSP2-4.5 and SSP5-8.5. Trend
analysis using the Mann—Kendall test and Sen’s slope estimator revealed a significant warming trend (1 °C to
3°C) across all temperature indices—both extreme and mean—over the past three decades. Nighttime and
winter warming were dominant, leading to a noticeable reduction in diurnal and seasonal temperature ranges.
Annual precipitation exhibited a declining trend, with the most pronounced decrease observed in the Gharb-e-
Daryacheh sub-basin, which serves as the primary water supply zone for the wetland. In this sub-basin, the
reduction in annual WY was substantially greater than the decrease in precipitation, suggesting that changes in
rainfall intensity and temporal distribution, along with increased evapotranspiration, have aggravated water
loss. Satellite-derived imagery further corroborated the progressive shrinkage of the wetland water body area.
Future climate projections indicate continued warming, ranging from 1.1 °C to 1.5°C, alongside a slight
increase in annual precipitation (3 %—6 %). However, unlike the historical period, future warming is expected
to be more pronounced during daytime and summer months. If the current trajectory persists, the wetland faces
an elevated risk of complete desiccation, increased saline dust storms, and accelerated land degradation. These
findings underscore the urgent need for targeted climate adaptation strategies to mitigate impending
environmental and socio-economic impacts in the region.
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Extended Abstract

Introduction

Climate change is a major challenge of the 21* century, impacting arid and semi-arid regions through rising
temperatures, altered precipitation, and dwindling water resources (12). Reanalysis datasets like ERA5-Land
and TerraClimate, known for their spatial accuracy and long-term coverage, are valuable tools for analyzing
past trends in these areas (1, 18). Additionally, downscaled General Circulation Models (GCMs) enable
localized climate forecasting (4, 5, 7). The IPCC Sixth Assessment Report emphasizes the importance of
such data for developing adaptation strategies (16, 19). Research shows that climate warming, reduced
rainfall, lower runoff, and increased evapotranspiration threaten ecological stability and water supplies (3, 8,
13, 22, 25). The Maharloo Wetland Basin, with its arid climate, reliance on seasonal rainfall, and sensitive
wetland ecosystem, is highly vulnerable to these changes. Declines in water levels could cause serious
environmental and human issues, including saline dust storms and desertification (10, 12, 20). This study
analyzes climate trends (temperature and precipitation) from 1991 to 2022 using ERA5-Land and
TerraClimate data, and evaluates future scenarios (2021-2040) based on downscaled CMIP6 model outputs,
aiming to present a comprehensive view of climate impacts on Maharloo Wetland’s runoff and water area.

Material and Methods

This study was carried out in the Maharloo Wetland basin in Fars Province, southern Iran (Fig. 1). To
examine historical climate patterns, we used monthly precipitation and temperature data from the ERAS-
Land and TerraClimate reanalysis datasets spanning 1991-2022 (18,1). These datasets were obtained through
Google Earth Engine, bias-corrected with data from the Shiraz synoptic station, and compiled into annual
time series. Additionally, monthly discharge data from Pol-e-Fasa hydrometric station were used to estimate
annual water yield. We created annual series for precipitation, temperature, and water yield. To assess
changes in the wetland’s water body area, Landsat images from January or February of selected years were
analyzed. Climate trends were tested using the Mann—Kendall test (Equations 1-2) for significance (24, 6,
14,15), while Sen’s slope estimator (Equations 3—4) determined the rate of change (21). Future climate
projections for 2021-2040 were obtained from CMIP6 GCMs under SSP2-4.5 and SSP5-8.5 scenarios (11).
Downscaling employed the change factor method (2), applying the differences between the baseline period
(1995-2014) and future periods to bias-corrected ERAS5-Land (~9 km) and TerraClimate (~4 km) data.
Equations (5) and (6) were used to adjust temperature and precipitation, respectively.

Results

Analysis of the Maharloo Wetland Basin' s time series from 1991 to 2022 shows a distinct warming trend
paired with decreasing precipitation. The annual maximum of daily maximum temperature (TXX) increased
by + 0. 0216 ° Clyear, rising from 37 ° C in 1996 to nearly 41 ° C in 2022 (Fig. 2 a). Similarly, the annual
minimum of daily minimum temperature (TNn) grew by + 0. 0742 ° Clyear, from -11 ° C to -2 ° C (Fig. 2 b).
The mean annual temperature (Tmean) also rose by + 0. 0494 ° C/year, from 16. 5 ° C to above 19.5° C
(Fig. 2 c¢). The annual mean of daily maximum and minimum temperatures (TXmean and TNmean)
increased by + 0. 0527 and + 0. 0639 ° C/year, respectively, with TNmean showing the most consistent trend
(r 2=0.53) (Figs. 2 d, 2 e). Conversely, annual total precipitation (PR) decreased by- 3. 84 mm/year, from
approximately 350 mm to 120-80 mm during dry years (Fig. 2 f). Sub- basin analysis revealed that Gharb- e-
Daryacheh has cooler temperatures, whereas Sarvestan is warmer (Figs. 3 a, 3 ¢-3 €), though Goshnegan
recorded higher TNn values (Fig. 3 b). Gharb- e- Daryacheh is the wettest in terms of PR, Goshnegan the
driest, with Sarvestan intermediate (Fig. 3 f). Runoff decreased annually by 2. 5%, twice the rate of
precipitation decline (~1. 2%), and the water body area of Maharloo Wetland shrank from 23, 000 ha (1996)
to less than 16, 16,000 ha (2022) (Fig. 4, Table 1). Mann—Kendall and Sen' s tests confirmed significant
warming: TXx increased up to + 2. 44 ° C in the northwest, TNn up to + 3. 1 ° C in the southeast (Figs. 5 a,
5b), Tmean from + 0. 79 to + 2. 36 ° C (Fig. 5 ¢), and TXmean and TNmean by + 1. 93° Cand + 2. 0 ° C,
respectively (Figs. 5 d, 5 e). The sharpest PR declines occurred in Gharb-e- Daryacheh' s northern and
western regions (up to- 208 mm) (Fig. 5 f). Future projections under SSP 2- 4. 5 and SSP 5- 8. 5 suggest
continued warming: TXx might increase by + 1. 3to + 1. 5 ° C, especially in southern Sarvestan and the
northwest of Gharb- e- Daryacheh (Fig. 6 a, Table 2). TNn is expected to rise by + 1 ° C, with the most
intense warming in central and southeastern parts (Fig. 6 b, Table 2). Tmean could increase by + 1to+1.2°
C, with Sarvestan experiencing the highest warming (Fig. 6 ¢, Table 2). Similarly, TXmean and TNmean
may go up by upto+1.3° Cand + 1. 2 ° C, respectively. Sarvestan remains the warmest area, while Gharb-
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e- Daryacheh remains the coolest (Figs. 6 d, 6 e, Table 2). Precipitation might slightly increase by about 6%
under SSP 2- 4. 5 and around 3% under SSP 5- 8. 5, mainly in the northwest. The southeast and Goshnegan
are projected to stay the driest regions (Fig. 6 f, Table 2).

Discussion and Conclusion

The findings from this study in the Maharloo wetland basin show that from 1991 to 2022, the region
experienced a steady increase in temperature by 1 to 3°C and a decrease in annual rainfall by about 25% to
over 73% compared to the long-term average of the study period. All temperature indicators showed upward
trends, confirmed by the Mann—Kendall test and Sen's slope estimator. Notably, TNmean demonstrated
consistent nighttime warming, reducing the diurnal temperature range—a pattern also observed in other
semi-arid regions (13, 22, 17). In the Gharb-e-Daryacheh sub-basin, despite a 1.2% annual decrease in
precipitation, runoff decreased more sharply by 2.5% annually, indicating high sensitivity to climate change.
Satellite data reveal the wetland’s water area shrank from 23,000 hectares in 1996 to under 16,000 hectares
in 2022. Projections for 20212040, based on the 1995-2014 baseline, confirm ongoing warming. Under
SSP2-4.5, temperatures are expected to rise by 1.0 to 1.1°C, and under SSP5-8.5, by approximately 1.2 to
1.5°C. Interestingly, future warming is predicted to be more pronounced during the day, in contrast to
historical trends in which nighttime warming prevailed—this aligns with findings from similar studies (10,
12, 25). Total annual precipitation may increase by about 6% under SSP2-4.5 and by around 3% under
SSP5-8.5. Overall, if current trends persist, the region’s climate is becoming warmer and drier, potentially
causing further declines in water levels in the Maharloo Wetland, increased salt dust, and intensified
desertification in southern Iran.

Keywords: Reanalysis data; CMIP6 models; Temperature and precipitation; Water Yield.
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Tfuture, downscaled = Tbaseline, obs + ATGCM Equation (5 )
P, future, downscaled = g baseline, obs X V+ 2 aau Equation (6)
4 4 Voo

7: Kendall’s rank correlation coefficient, n.: Number of concordant pairs, nz: Number of discordant pairs,
n: Total number of observations, Z: Standardized test statistic, T: Kendall’s rank correlation coefficient, n:
Total number of observations, @;: Slope between time points j and k (°C/year or mm/year), x;: Value of the
climatic variable in year j (°C or mm), x: Value of the climatic variable in year k (°C or mm), n: Total
number of years, @Sen: Sen’s slope estimator (°C/year or mm/year), Median(Q;): Median of all calculated
slopes Q; (same unit as Q;), Tumure, downseatea: DOWnNscaled future temperature (°C), Tpauseiine, obs: Bias-corrected
observed baseline temperature (°C), AT ¢ecm: Absolute change in temperature between future and baseline
periods from the GCM (°C), Prure, downscalea: Downscaled future precipitation (mm), Ppseiine. obs:
Bias-corrected observed baseline precipitation (mm), APgcym: Relative change in precipitation between
future and baseline periods from the GCM (%).
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Fig 2. Time series of (a) annual maximum of daily maximum temperature (TXXx), (b) annual minimum of daily
minimum temperature (TNn), (¢) annual mean temperature, (d) annual mean of daily maximum temperature
(TXmean), (e) annual mean of daily minimum temperature (TNmean) and (f) annual total precipitation (PR) in
the Maharloo Wetland Basin during 1991-2022
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Table 1. water body area of Maharloo Wetland in selected years during 1991-2022

Year water body area (ha)
1996 23114
2002 20662
2007 19568
2013 17299
2022 15886

Table 2. Projected changes in temperature and precipitation variables over the next 20 years under the SSP2-4.5
and SSP5-8.5 emission scenarios

Emission Scenario TXx (°C) TNn (°C) Tmean (°C) TXmean (°C) TNmean (°C) PR (%)

ssp2-4.5 1.294 - 1.336 1.006 - 1.047 1.074 - 1.075 1.106 - 1.143 1.077 - 1.095 5.919 - 6.157
ssp5-8.5 1.520 - 1.553 0.907 - 0.931 1.213-1.214 1.255-1.291 1.184 -1.212 3.064-3.174
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