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Abstract: Iran, as a prominent climate change hotspot, exhibits

complex and heterogeneous hydroclimatic responses to global
warming. This study analyzes the temporal dynamics of temperature
and relative humidity using monthly data from five representative
synoptic stations (Ahvaz, Bandar-e Anzali, Tabriz, Zahedan, and
Yazd) over a 38-year period (1986-2023). To model the time series
behavior, a comparative framework incorporating Moving Average
(MA), Autoregressive Integrated Moving Average (ARIMA), and
Holt-Winters exponential smoothing was employed. Prior to
modeling, the distributional structure of the data was assessed using
the Anderson-Darling test and graphical probability analysis. The
results revealed a consistent and significant warming trend across all
stations, confirming a convergent thermal response at the national
scale, whereas relative humidity exhibited a pronounced divergence.
The most significant finding was strong evidence of a climate regime
shift at the Tabriz station, where a bimodal distribution in relative
humidity indicates an abrupt transition to a more stable, arid climatic
state. Model evaluation confirmed the superiority of the Holt-Winters
approach, owing to its capability to adapt to both trend and seasonal
components, and highlighted the insufficiency of standard linear
models for assessing climate change in transitioning regions.
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Extended Abstract

Introduction

Hydroclimatic responses to global
warming across the Middle East are
characterized by significant spatial
heterogeneity and non-linear
behavior, largely driven by the
region’s diverse climatic zones and
complex topography. Iran, with its
extensive arid and semi-arid climates,
serves as a critical natural laboratory
for examining localized atmospheric
adjustments to thermal forcing. The
nation’s ~ water  security  and
environmental stability are contingent
upon a delicate balance between
temperature and atmospheric
moisture. While a consistent rise in
temperature is well-documented, the
corresponding evolution of relative
humidity (RH) is less understood and
often exhibits dynamics that diverge
from regional warming trends.
Conventional linear analyses are
insufficient for capturing such
complexity, as they tend to overlook
abrupt transitions or regime shifts.
This study addresses this knowledge
gap by investigating the magnitude,
structure, and non-linearity of
temperature-humidity dynamics
across five representative climates in
Iran.

Methodology

This study utilized a 38-year monthly
dataset of mean temperature and
relative humidity from five key
meteorological  stations:  Tabriz,
Ahvaz, Yazd, Zahedan, and Bandar-e
Anzali. The temporal dynamics were
analyzed using three  distinct
statistical models. Moving Average
(MA) provided a smoothed baseline,
while the Autoregressive Integrated

Moving Average (ARIMA) model
was employed to handle non-
stationarity through differencing. For
capturing more complex dynamics,
the Holt—Winters (HW) exponential
smoothing method was selected, as its
additive and multiplicative
parameters for level (o), trend (B), and
seasonality (y) allow for real-time
adaptation to structural changes.
Model accuracy was rigorously
evaluated using Mean Squared
Deviation (MSD) and Mean Absolute
Percentage Error (MAPE). The
statistical suitability of the data was
confirmed via the Anderson—Darling
test, which affirmed normality for
both variables at a 95% confidence
level. To visualize the coupled, state-
dependent  behavior  of  the
temperature-humidity system, three-
dimensional phase-space plots were
constructed, revealing underlying
attractors and regime-specific
climatic signatures.

Discussion

A ubiquitous warming signal was
detected across all five stations,
confirming that Iran is experiencing
significant climate warming. The
most pronounced temperature
increases were observed in Ahvaz and
Yazd, which is consistent with desert
amplification effects under the
dominance of the subtropical high-
pressure system. In contrast, relative
humidity exhibited sharp spatial
divergence. Ahvaz and Yazd showed
pronounced linear drying trends,
associated with an elevated Vapor
Pressure Deficit (VPD), indicating
significant atmospheric desiccation
and heightened evaporative stress.
Conversely, Bandar-¢ Anzali



demonstrated notable hydroclimatic
resilience, maintaining consistently
high RH due to its year-round marine
influence, despite persistent warming.
The most compelling evidence of
non-linear dynamics emerged in
Tabriz. A bimodal RH distribution
signaled a distinct structural break
around the early 2000s, marking a
definitive shift from a more humid
regime to a drier one—a climatic
transition that linear models like
ARIMA failed to capture. Zahedan
displayed a unique U-shaped RH
pattern, with an initial decline
followed by a partial recovery, likely
reflecting the interplay between
continental heating and intermittent
moisture influx from monsoonal
systems. Yazd represented a single,
stable dry phase with minimal
interannual variability, indicative of a
thermodynamically  locked  arid
environment.

Comparative  model  assessment
demonstrated the clear superiority of
the Holt—Winters model, which
achieved the lowest MAPE and MSD
values across all stations. Its state-
space architecture effectively
captured both seasonal oscillations
and long-term trend persistence,
proving its methodological robustness
for complex hydroclimatic modeling,
especially  in  systems with
discontinuities.

Conclusion

Iran’s hydroclimate exhibits a dual
character of spatial coherence in

warming and marked divergence in its
moisture response. While temperature
follows a uniform upward trajectory,
atmospheric ~ humidity  evolves
through  contrasting,  non-linear
pathways. The climatic regime shift
identified in Tabriz exemplifies how
sustained warming can trigger abrupt
reconfigurations in regional moisture
systems, likely representing a
threshold in local climate resilience.
The prevalent linear drying in desert
climates and the complex biphasic
behavior in others collectively point
to an intensification of atmospheric
evaporative demand. Our findings
confirm that adaptive forecasting
methods like Holt—Winters are more
effective than static or purely linear
models for diagnosing these intricate
climate signals. The documented rise
in VPD across all stations signifies a
deepening disequilibrium between
thermal conditions and moisture
availability, implying escalating
stress on ecosystems, agricultural
productivity, and water security.
Therefore, effective climate
adaptation  strategies must be
localized and dynamic, tailored to the
non-linear realities of regional
hydroclimatic change.
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    A 2 = n   ∫  − ∞ ∞      F  n  ( x ) − F  ( x )  ) 2  F  ( x )  ( 1 − F  ( x ) ) d F ( x )


  F ∼ U n i f o r m ( 0 , 1 )


   1  n   ∑  i = 0  n − 1  x t − i


  x t − i


    x  n =   a 1   x  n − 1 +   a 2   x  n − 2 + … +   a  p   x  n − p +   𝜀  n −   b 1   𝜀  n − 1 − … −   b  q   𝜀  n − q


   L t = a    A t   S  t − 1 + ( 1 − a ) (  L  t − 1 +  T  t − 1 )


    S  t = y     A  t    L  t +  ( 1 − y )   s  t − 1


    T  t = 𝛽  (   L  t −   L  t − 1 ) + ( 1 − 𝛽 )   T  t − 1


    F  t + m =


    L  t + m   T  t )   S  t − L − m


    A  t


    I  t


    T  t


    S  t

