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PUBLIC SUMMARY

= Seasonal disparity in land water availability have increased in recent decades.
= Wet season precipitation (P)—evapotranspiration (ET) rises and dry season P—ET falls due to P and ET changes.

= Most earth models can reproduce seasonal shifts in P—ET on a hemispheric scale.
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The water cycle, including the seasonal variations in land water availability
(precipitation minus actual evapotranspiration (P—ET)), is intensifying with
climate warming. These changes in P—ET, particularly the fluctuations
between wet and dry seasons, have profound implications for ecosystem
functioning and services. Understanding the dynamics and drivers of these
changes is crucial for effective water resource management and climate
adaptation strategies. Here, we examined seasonal P—ET changes based
on multiple datasets across the extratropical Northern Hemisphere over the
past two decades. Our results demonstrate a substantial increasing
tendency in annual range between wet and dry season P—ET. Specifically,
we observed that this trend is driven by both an increase in wet season
P—ET and a decrease in dry season P—ET. Further analysis indicated that
the changes in wet season P—ET were primarily due to changes in P,
whereas the reductions in dry season P—ET were largely attributed to
changes in ET. The results reveal a pronounced intra-hemispheric hetero-
geneity delineating P-dominated versus ET-dominated regimes. Evaluation
of 32 state-of-the-art Earth System Models shows that most models
capture these seasonal trends during recent decades, although some fail to
do so. Our results highlight an enhanced seasonality in hemispheric water
availability, driven by distinct changes in wet and dry season dynamics.

INTRODUCTION

Changes in water availability over land, which are denoted as precipitation
(P) minus actual evapotranspiration (ET; P—ET), significantly influence liveli-
hoods, socioeconomic development, and natural ecosystems.'™ With global
warming, significantly accelerating moisture transport are anticipated, which
will have profound impacts on P and ET and, thus, land water availability over
land areas.*® Particularly, the increased moisture cycle can also intensify the
P—ET seasonal variations, which has shown clear evidence in ocean but
remain complex over land.*'” The seasonal variations in P—ET, both in terms
of space and time, has important implications for human lives, because it
may be linked with floods and droughts and thus the water resources and
ecosystem services.' Our previous work indicates a global intensification of
P—ET seasonality; however, pronounced regional heterogeneity implies that
similar emergent trends can arise from distinct underlying forces.'” Therefore,
it is crucial to identify regions where the seasonal patterns of P=ET have
changed over land and determine the underlying driving forces.

The "wet get wetter, dry get drier" (WWDD) phenomenon is recognized as
the consequence of seasonal alternations in P and ET occur across both
space and time.”’*'® This phenomenon indicates that the wet regions/
seasons getting wetter and dry regions/seasons getting drier. During the past
few years, many studies have demonstrated that the seasonal WWDD
concept has some applicability on a global scale.'”""'*"® However, at the
regional scale, the validity of the WWDD paradigm is still uncertain.'”' For
example, in some extratropical regions, there is evidence that the seasonal
pattern of WWDD is valid.'” In some dry regions, there was no evidence of the
seasonal WWDD.” These differences can be attributed to disparities in the
study periods (ranging from one to several decades), study scopes (span-
ning from regional to global scales), and datasets employed (model outputs
and ground-based datasets) to estimate the land water availability."***
Despite a recent study illustrating a declining trend in global water availability
over the past twenty years (from 2001 to 2020), there is still a lack of under-
standing of the alterations in the seasonal patterns of land water availability

during this timeframe. Therefore, it is important to investigate the changes in
seasonal water availability and its causal factors.

In this study, we assessed seasonal changes in P=ET choosing extratropi-
cal Northern Hemisphere (> 23.5° N) as the study area. We focused on the
land water availability from 2000 to 2020 within the extratropical Northern
Hemisphere regions because of its pivotal role in global socio-economic
development.*”* We build on our recent global assessment of seasonal P—ET
variability and apply the similar framework to the extratropical Northern
Hemisphere to resolve regional mechanisms that are not depicted at global
scale.”” Specifically, we conducted the analysis using multiple remote sens-
ing with ground-based precipitation and ET datasets, and quantified the
dominant drivers using a simple attribution framework. The findings of this
study could enhance our understanding of seasonal fluctuations in water
availability at the regional scale.

MATERIALS AND METHODS
Precipitation and evapotranspiration datasets

We used three advanced diagnostic precipitation datasets from 2000 to
2020: the Climatic Research Unit gridded Time Series (CRU),” the Global
Precipitation Climatology Center (GPCC),”" and the Multi-Source Weighted-
Ensemble Precipitation (MSWEP).”* The CRU dataset provides monthly
precipitation on a 0.5° grid over global land areas, derived from in situ station
observations through interpolation. The GPCC offers gauge-based gridded
precipitation analyses derived from quality-controlled rain-gauge station
data, available at multiple spatial resolutions for land surfaces. The MSWEP
dataset provides global three-hourly precipitation data at a 0.1° resolution,
which were obtained from gauge, satellite, and reanalysis datasets.

We used three actual evapotranspiration products spanning 2000/2001-
2020: the Global Land Evaporation Amsterdam Model (GLEAM),” the MODIS
evapotranspiration product (MOD16A2),* and the Penman-Monteith-Leun-
ing evapotranspiration product (PML-V2).*" The GLEAM product provides
monthly ET estimates at 0.25° spatial resolution for 2000-2020. The MODIS
(MOD16A2) product offers 8-day ET data at 500 m resolution for 2001-2020.
The PML-V2 product provides 8-day ET estimates at 500 m resolution over
2001-2020. All datasets were resampled to 0.5° using bilinear interpolation
prior to estimating seasonal water availability to ensure spatial consistency
across datasets. More detailed description of these data can be found in our
previous study.'”

Seasonal water availability estimation
The monthly water availability was calculated using P minus ET for each
grid cell:>*%

[water availability], = P, — ET,, M

where j and i are the year and month, respectively. Since our study focused
on seasonal water availability, we applied a three-month running average to
the entire dataset to smooth short-term fluctuations as described in our
previous study.'” For each grid cell and each year, the wet season was
defined as the three-month period corresponding to the maximum P—ET
value, while the dry season was defined as the three-month period corre-
sponding to the minimum P—ET value."'" The difference between P—ET in the
wet and dry seasons was then computed to quantify the amplitude of
seasonal water availability variability. This approach ensured that the definitions
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of wet and dry seasons varied spatially and temporally, allowing them to
adapt dynamically to interannual and regional hydrological variations.
Furthermore, by identifying the wettest and driest periods based on P—ET
extrema rather than fixed calendar months, this definition accounted for
potential temporal shifts in seasonal patterns, thereby improving the accu-
racy of AR estimation in P—ET. To validate the seasonality and trend changes
of P—ET, we collected runoff data from watersheds larger than 2,500 km?
across the Northern Hemisphere, covering the study period from 2000 to
2020. Using the same methodology, we calculated the seasonal runoff trends
and compared them with our estimations. The results showed that 61% of
the watersheds were consistent with our predictions, while 31% of the
discrepancies may be attributed to the omission of subsurface water storage
changes.

Trends and the attribution analysis

We estimated trends in AR, wet season and dry season water availability at
the grid scales using the non-parametric Mann-Kendall test, and quantified
trend magnitudes using Sen's slope estimator.”* The statistical significance
was assessed based on the Mann-Kendall test results.”** To isolate the
respective contributions of P and ET to the trends in AR, we conducted simple
factorial experiments using the approach described in our previous study.'” In
the real experiment, P—ET was calculated using the observed, time-varying P
and ET. Two additional control experiments were performed by holding either
P or ET fixed at its 2000 value while allowing the other variable to vary as
observed, thereby separating their individual effects on the trends. The trend
of the real-control difference was interpreted as the contribution of the fixed
variable to the total change. For example, the contribution of P was quanti-
fied by recalculating monthly P—ET with P fixed at its 2000 value and ET
varying as observed; the difference between this control run and the real
experiment was attributed to P.

Earth system models

We analyzed outputs from 32 Coupled Model Intercomparison Project
Phase 6 (CMIP6) Earth System Models (ESMs) to assess their ability to
reproduce the seasonal patterns of water availability.”* Model details are
listed in Table S1.

RESULTS

Increasing range between the wet and dry season water availability
During the study period, the ensemble AR anomaly across the extratropi-
cal Northern Hemisphere increased significantly with a trend of 0.27 + 0.05
mm yr' (P < 0.01; Figure 1A), which is higher than that of global trend.'” To
validate the seasonality and trend changes of P—ET, we collected runoff data
from watersheds larger than 2,500 km? across the Northern Hemisphere,
covering the study period from 2000 to 2020. Using the same methodology,
we calculated the seasonal runoff trends and compared them with our esti-
mations. The results showed that 61% of the watersheds were consistent
with our predictions based on runoff alone. When incorporating GRACE AS,
the agreement increased to 65%, highlighting the added value of GRACE AS
in capturing seasonal water storage variations and providing a more robust
validation of P—ET (Figure ST). This significant increasing trend in the AR
anomaly was unique when compared with the other areas across globe using
same datasets (Tropics trend = -0.18 mm yr~' and Southern Hemisphere
trend = -0.30 mm yr™'), and there was also a slight increasing trend in the
global AR anomaly (Figure S2). This increase in the AR aligns with prior
research, which suggests that global warming elevates water vapor levels in
the atmosphere and intensifies horizontal water vapor transport, thereby
reinforcing the seasonal cycle of water availability."'*"® This temporal
increasing trend in the AR anomaly was also observed in the individual
combinations (trends ranging from 0.20 mm yr™' to 0.37 mm yr™'; Figure S3).
Over two-thirds of the land areas (68.1%) displayed increasing trends in the
AR, which suggests a widespread shift in the regime (Figure 1B). Significant
increasing trends (P < 0.05) were detected over 9.4% among these areas. By
contrast, AR declined over 31.9% of the land surface, with significant
decreases confined to 1.5% (P < 0.05). The change in the AR also displayed
an obvious latitude pattern, with high increasing rates in the temperate region
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(23.5°=50° N) and relatively low increasing rates in the boreal regions (> 50°N;
Figure 1C). This spatial trend in the AR was also confirmed by each individual
investigation (Figure S4).

The spatiotemporal trends in the wet and dry season P—ET were exam-
ined (Figure 2). During 2000—2020, the wet season P—ET increased signifi-
cantly, with a rate of 0.15 + 0.05 mm yr™' (P < 0.01; Figures 2A & S5-S6), but
the dry season P—ET decreased significantly, with a decreasing rate of -0.12
+0.06 mm yr' (P < 0.05; Figures 2B & S7-S8). This compounding effect of
the increased wet-season P—ET and decreased dry-season P—ET caused a
significant increasing trend in the AR on a hemispheric scale. Spatially, more
than half (56.1%) of the land areas showed increasing trends in the wet
season P—ET. Among these areas, 6.8% of the land areas significantly
increased (P < 0.05). For the dry season P—ET, 61.7% (9.6% significantly
different (P < 0.05)) of the land areas showed decreasing trends and 38.3%
(2.1% significantly different (P < 0.05)) of the land areas showed increasing
trends (Figures 2C—D & S5-S7).

Causes of the trends in land water availability

Since P minus ET was used to represent the land water availability, the
changing pattern in the AR can be attributed to the changes in P and ET.***
We applied a simple attribution approach to quantify how the changes in the
P and ET shape the observed AR trends. Figure 3 shows the separate contri-
butions of P (Figure 3A) and ET (Figure 3B) to the changes in the AR and their
corresponding latitude patterns (Figures 3C-D). The positive and negative
contributions of P to the AR trends were widespread, and the positive contri-
butions of ET to the AR trends were concentrated in the high latitude (boreal)
region (> 50° N). These different contribution patterns were also evident in
their latitude patterns. In the temperate region (23.5-50° N), changes in P
played a major role in driving the AR, while in the boreal region, changes in ET
mainly caused the AR trends (Figure 3E). Moreover, these two regions exhib-
ited different increasing rates in the AR at 0.34 mm yr™ and 0.21 mm yr™" in
the temperate and boreal regions (Figure 3F)., respectively. This phenomenon
demonstrated the important role of changes in P in driving an increased AR
during the study period.

The contributions of the changes in P and ET to the wet and dry season
P—ET were also examined (Figures S9-S10). For the wet season P—ET, in the
temperate regions, the changes in P had a positive contribution but the
changes in ET played a negative role. In most of the boreal regions, the
changes in P and ET contributed positively, indicating that the increased wet
season P—ET was mostly driven by changes in P (Figure S9). For the dry
season P—ET, changes in P played a positive role in most of the regions in the
Northern Hemisphere, while the changes in ET played a negative role in all the
regions (Figure S10). In summary, the increased wet season P—ET was
primarily driven by changes in P, while the decreased dry season P—ET was
mostly driven by the changes in ET. Additionally, in the temperate regions, the
increased AR may have been due to the increased wet season P—ET, which
was driven by P; in the boreal regions, the increased AR may have been due
to the decreased dry season P—ET, which was driven by ET (Figure 3E).

Performance of the CMIP6 models

Based on the observed spatiotemporal AR trends, we also detected
whether CMIP6 ESMs capture these observed changes at the hemispheric
scale, though most of them can reproduce at the global scale.”” Using
outputs from 32 coupled ESMs (Table ST), we computed AR trends over
2000-2014 for each model and for the multi-model ensemble (Figure 4). We
found that 22 of the 32 models successfully reproduced the observed
seasonal P—ET trends, whereas 10 models failed to do so (Figure 4). This
indicates that the majority of current ESMs can reasonably simulate the
seasonality of P—ET, although some models still struggle in certain regions.
Moreover, the AR trend ensemble mean of all 32 models (0.07 mm yr™)
closely matched the observed average seasonal P—ET trend (0.09 mm yr™")
(Figure S17), suggesting that while individual models may differ, the ensem-
ble provides a relatively reliable representation of large-scale seasonal
patterns. These results imply that, although most models capture the broad
seasonal patterns, caution is still warranted when relying solely on individual
ESMs to depict or project seasonal P—ET. "% 72021324041
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Figure 1. Spatial and temporal changing trends of the annual range (AR) between the wet and dry season water availability in the Northern Hemisphere (A) Time series of the
AR from 2000 to 2020. The solid line and shading denote the mean and one standard deviation (SD) of the nine estimates, respectively. (B) Spatial trend in the AR at each 0.5° by
0.5° grid cell across the Northern Hemisphere. The stippling denotes statistically significant trends at P < 0.05. The histogram indicates the distribution of the trend in the AR.
Abbreviations: sig, significant trends at P < 0.05; non-sig, non-significant (P > 0.05) change. (C) Aggregated trend in the AR along latitude (mm yr™"). The solid line and shading

denote the mean and one SD of the nine estimates, respectively.

DISCUSSION

Changes in P-ET seasonality

Integrated remote sensing and ground-based data show a pronounced
widening in the contrast of water availability between wet and dry seasons,
indicating a substantial intensification of the water cycle over the past two
decades. This growing seasonal disparity raises concern for water resources
planning and risk management, particularly across the Northern Hemisphere
where water availability directly affects ecosystems, food production, and
socio-economic systems. Our results therefore suggest that assessments of
water availability should move beyond changes in annual means and explicitly
account for shifts in seasonal distribution in the Northern Hemisphere. This

phenomenon observed from 2000 to 2020 may continue in the future."'"*
For example, studies based on CMIP6 and CMIP5 ESMs confirmed an
increased pattern in the AR in the extratropical Northern Hemisphere and
demonstrated a diminishing seasonality of water availability across subtropi-
cal regions by comparing historical observations and future projections.' This
increase in the AR was also projected to increase further as a warmer atmo-
sphere holds more moisture, enhancing large-scale vapor transport and then
amplifying the seasonal cycle of water availability.” In our evaluation of 32
CMIP6 models, 22 models successfully captured the observed seasonal
P—ET trends, and the ensemble mean closely matched the observed average,
demonstrating that most current models can reasonably simulate large-scale
seasonal patterns. However, 10 models failed to reproduce the observed
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Figure 2. Spatial and temporal changing trends of the wet and dry season water availability (WA) in the Northern Hemisphere (A), (B) Time series of the wet season and dry
season WA from 2000 to 2020. The solid line and shading denote the mean and one standard deviation of the nine estimates, respectively. (C), (D)Spatial trend in the wet season
and dry season WA at each 0.5° by 0.5° grid cell across the Northern Hemisphere. The stippling denotes statistically significant trends at P < 0.05. The histogram indicates the
distribution of the trends in the wet and dry season WA. Abbreviations: sig, significant trends at P < 0.05; non-sig, non-significant (P> 0.05) change.

trends in certain regions, likely due to differences in methodological assump-
tions and process representations. Our study defines seasonal water avail-
ability using P—ET, which primarily captures surface water fluxes, whereas
ensemble models often incorporate additional hydrological components such
as soil moisture, groundwater, and snowmelt. These differences can influ-
ence the estimated seasonality of water availability. Additionally, biases in
model parameterizations, particularly regarding vegetation responses, land-
atmosphere interactions, and precipitation dynamics, may contribute to the
observed inconsistencies.”

To examine whether the changes in P—ET are related to climate warming,
we tested the relationship between P—ET and temperature changes from
2000 to 2020 and compared with an idealized modeling analysis of Clausius-
Clapeyron (CC) relation under climate warming.”* Specifically, we compared
the observed and simulated changes in P—ET seasonality with the expected
~7%/°C scaling of atmospheric moisture content. We found that the seasonal
disparity of P-E increases at an average rate of 6.06%/°C (Figure S12), only
slightly smaller than the ~7%/°C in CC relation but higher than that of the
global trend."”** Our results thus indicate that rising temperatures are accom-
panied by an amplification of P—E seasonality at the hemispheric scale.”*"*
Further analyses using a simple attribution method revealed the dominant
role of P and ET in increasing the wet season P—ET and decreasing the dry
season P—ET, respectively. These findings are also supported by previous
reports that highlighted the increased rate of P in the wet season as a cause
for the increase in water availability.'® Our results also highlighted the domi-
nant role ET played in the decreased dry season water availability, which is
consistent with our global findings.'” This pattern aligns with the notion that
rising atmospheric moisture demand is becoming more spatially widespread

and less confined to particular seasons.” Within the extratropical Northern
Hemisphere, we identify a regime contrast in which changes in wet-dry
season P—ET are predominantly precipitation-driven across many temperate
regions, whereas evapotranspiration becomes the dominant regulator across
large parts of the boreal zone. By resolving where and why P or ET governs
the seasonal range, the extratropical Northern Hemisphere analysis provides
diagnostics for interpreting regional drought/flood risk and offers more
actionable constraints for evaluating and improving Earth system models
than a global assessment alone. The significant decline in the dry season
water availability is likely to reverberate beyond hydrology, because vegeta-
tion growth and productivity respond strongly to water limitation.**" For
example, vegetation productivity is more sensitive to dry season water avail-
ability,” this trend may weaken the land carbon sink. It is also essential to
implement measures to mitigate and adapt to seasonal variations of water
availability consider its continuous decline under ongoing warming.” Under-
lying drivers of P and ET changes is key to understand the seasonal varia-
tions of water availability, though this is beyond the scope of this study.
Precipitation patterns are strongly influenced by large-scale atmospheric
circulation shifts.” For example, alterations in storm track locations, varia-
tions in moisture transport from oceanic and terrestrial sources, and changes
in cyclone frequency and intensity all play critical roles in modulating
seasonal precipitation trends. These dynamic processes determine not only
the amount of precipitation but also its temporal distribution, directly affect-
ing seasonal water availability."** Similarly, seasonal trends in ET are
governed by multiple climatic and biophysical factors, such as the rising
temperatures and land-use changes (e.g., afforestation).”” Future studies can
incorporate diagnostic analyses of atmospheric circulation indices (e.g., AQ,

92USI0s099 uoljpoAouUu| ay |

J—

The Innovation Geoscience 4(2): 100191, April 21, 2026 5




www.the-innovation.org/geoscience

{20 .Yl Atmospheric Sciences

Trend (mm yr-1)

63 63
[} [}
B 53 T 53
= =
- -
5 s
43 - 43
i} . ci\
23 23

0.00 025 0.50
Trend (mm yr-1)

-0.25 0.00 0.25 0.50
Trend (mm yr-1)

Trend (mm yr-1)

0.4
e G ® Temperate
0.34 = Boreal
73
63
g K
2% £
T £
S S
43 T
L
-
33
23
ET dominance | P dominance

Figure 3. Relative contributions of precipitation and evapotranspiration (P) changes (ET) to shifts in the annual range (AR) (A) Contribution of the changes in P to the AR
change. (B) Contribution of the changes in ET to the AR change. The density plots indicate the distribution of the contributions of P and ET to the AR. (C), (D) Latitude patterns of
the P and ET contributions to the AR. The grey vertical lines indicate the annual trend of the AR (depicted in Figure TA). (E) Latitude pattern of the dominant factors (P and ET)
affecting the changes in the AR. (F) Trend of the AR in the temperate (23.5°=50° N) and boreal regions (> 50° N).

ENSO, and monsoon indices) and utilize land surface models to quantify the
relative contributions of temperature, radiation, and land-use changes to ET
trends. By considering these broader climatic and terrestrial drivers, we can
refine our understanding of how P—ET seasonality responds to ongoing
climate and land-use changes.

Implications

The increase in the AR has several implications for water resources
management and ecological restoration.”"" Effective measures are required
to improve water allocation during the dry season, ensuring that both
ecosystem functioning and agricultural production can be sustained. In
contrast, wet season management should focus on anticipating and reduc-
ing waterlogging risks through proactive drainage and land-use planning.
This may involve enhancing the storage and conservation systems of water
resources and the implementation of policies for efficient water resource
management.””'* It is also vital to consider seasonal differences in water
availability to ensure the sustainability of vegetation growth and ecosystems.
For example, the measures regarding vegetation restoration should be
adjusted based on seasonal variations in water resources to ensure adequate
water for the vegetation throughout the entire year.”” In addition, the increas-
ing seasonality of water availability observed in the Northern Hemisphere
suggests potential global implications, particularly for regions with similar
hydroclimatic conditions. As climate change intensifies precipitation
extremes and alters evapotranspiration dynamics, other mid-latitude and

high-altitude regions may experience widening seasonal water gaps, exacer-
bating flood and drought risks.

Limitations

The definition of wet and dry seasons in this study is based on the annual
maxima and minima of three-month averaged P—ET. While this approach
effectively captures precipitation and evapotranspiration dynamics in many
regions, it may introduce uncertainties in areas where snowmelt and subsur-
face water storage play dominant roles in seasonal water availability. In snow-
affected regions of the Northern Hemisphere, precipitation often accumu-
lates as snow during winter and does not immediately contribute to surface
water availability. Instead, the delayed release of water through snowmelt in
spring and early summer constitutes a critical component of seasonal hydro-
logical cycles.” Similarly, in regions where soil moisture and groundwater
exert substantial control over dry-season water availability, relying solely on
P—ET may not capture the full spectrum of hydrological processes. Soil
moisture and groundwater serve as crucial buffers, sustaining evapotranspi-
ration and streamflow during low-precipitation periods.”** The omission of
these subsurface contributions could result in uncertainties, particularly in
arid and semi-arid regions where deep water reserves play a pivotal role in
seasonal water supply. Future studies should incorporate snowmelt-driven
hydrological processes and subsurface water storage dynamics. This could
involve integrating snow water equivalent data, modeled snowmelt fluxes, or
groundwater recharge estimates into the analysis. Additionally, comparisons
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Figure 4. Observed versus modelled trends in AR (wet—dry season water availability) for 2000-2014 Orange bars denote ensemble means across 32 CMIP6 ESMs and nine
observational estimates; green and blue bars show individual model and observational estimates, respectively. Black whiskers indicate +1 standard deviation. Ens, ensemble

mean; ESM, Earth system model; Obs, observation-based estimate.

with observed streamflow, soil moisture reanalysis datasets, and GRACE-
based terrestrial water storage anomalies could help validate and refine the
P—ET-based seasonal definitions.” In addition, seasonal changes in P—ET
could also be assessed by explicitly defining wet and dry seasons, which may
reveal shifts in their onset and duration. However, the timing of wet/dry
seasons varies markedly across hydro-climatic regions, posing challenges
for a consistent large-scale definition. While beyond the scope of this study,
such an approach represents a valuable direction for future work to further
elucidate the temporal dynamics of water availability under climate warming.

CONCLUSION

In conclusion, a significantly increasing range was found between wet and
dry season water availability during recent decades. This increase in the AR
could result in more extreme conditions (more floods or droughts), with
potentially impacts on the local hydrology. This increase in the AR is
attributed to the compounding effects of increased wet season P—ET and
decreased dry season P—ET. The increased wet season P—ET was mostly
driven by the changes in P, while changes in ET were the main cause of the
decreased dry season P—ET. Evaluation of 32 state-of-the-art ESMs shows
that most models (22 of 32) capture these seasonal trends, and the ensem-
ble mean closely matches observations, although some models fail in certain
regions. These results highlight both the reliability of current models for large-
scale seasonal patterns and the need for caution in using individual models
for regional assessments. The findings of this study would be valuable to
formulate appropriate policies regarding water resources management in the
context of climate change.
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