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Objective: Continuous greenhouse gas emissions have exposed meteorological and
hydrological parameters to complex transformations. The Zagros mountain range, as the
vital artery of runoff generation in western and southwestern Iran, is highly vulnerable to
these changes. This study aims to evaluate both monotonic and non-monotonic trends in
monthly precipitation and temperature at Khorramabad synoptic station.

Method: Data from Khorramabad synoptic station during the period 1995-2023 (29
years) were analyzed using the Mann-Kendall test to identify monotonic trends and the
Innovative Trend Analysis (ITA) method to detect non-monotonic trends.

Results: Temperature results indicate that the annual mean has increased with a
significant upward slope. Warming was evident in all months and peaked in winter, with
December temperatures rising by more than 1.5°C and January and February by more
than 1°C. In contrast, annual precipitation (446.6 mm) exhibited severe fluctuations (cv
= 30.4%) and inherent irregularity (skewness = 1.1), with no significant linear trend. ITA
analysis revealed heterogeneity in the precipitation regime: a notable decrease in spring
and autumn, relative stability in winter, and severe fluctuations in summer.
Conclusions: The combination of sustained warming and variable precipitation imposes
increasing hydrological pressure on the region's water resources. For adaptation, it is
recommended that the rainfed planting calendar be advanced by two weeks, reservoir
dead volumes be reduced by ten percent, and a rainfall radar monitoring network be
established in the upstream Zagros. The findings provide clear evidence of the link
between climate trends and declining water resource sustainability and can serve as a
basis for decision-making in sustainable water management.
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1. Introduction

Continuous greenhouse gas emissions have
exposed the stability of the planet's
meteorological and hydrological systems to
complex and non-uniform transformations.
Semi-arid and mountainous regions,
particularly the Zagros mountain range in Iran,
have double vulnerability to these fluctuations
due to their pivotal role in runoff generation and
water resource feeding. Climatic fluctuations in
this region, accompanied by the intensification
of the hydrological cycle and changes in
precipitation distribution patterns, directly
affect water security and sustainable
development in western and southwestern Iran.
Therefore, accurate  understanding and
quantification of long-term and medium-term
temperature and precipitation trends at the local
scale is an undeniable scientific necessity.
Trend analysis of climatic data in this region has
confirmed the heterogeneous and variable
nature of western Iran's climate. Previous
studies have shown that the precipitation
structure in Khorramabad has considerable
heterogeneity, and the significant decrease in
heavy precipitation in Kermanshah Province
provides evidence of changing precipitation
regimes in the region. Traditionally, the non-
parametric Mann-Kendall test has been widely
used for identifying climatic trends due to its

2. Methodology

Khorramabad synoptic station is located at
46°27' East longitude and 33°27' North latitude,
at an altitude of 1,147 meters above sea level.
This station is situated on the northern slopes of
the Zagros mountain range and the
Khorramabad River catchment. Its location is
directly influenced by western-Mediterranean
systems that are more active during the cold
seasons. Due to its position in the path of mid-
latitude precipitation systems, this area is
considered one of the key points for studying
climatic changes in western Iran.The climatic
data for this research include monthly total
precipitation and mean temperature time series
from Khorramabad synoptic station during

resistance to unconventional distributions and
outliers. However, the linear nature of this test
is incapable of identifying discontinuous trends
and subtle hidden changes common in complex
climate time series, and may fail to detect
significant changes in the presence of
fluctuations. In response to this methodological
limitation, the Innovative Trend Analysis (ITA)
graphical test was introduced, which enables
the separation of monotonic from non-
monotonic trends and has proven its
effectiveness in climatic analyses of western
Iran.

The present study, aiming for a comprehensive
and comparative assessment of monthly
precipitation and temperature trends at
Khorramabad synoptic station during 1995—
2023, focuses on a new focal point. By
simultaneously applying the non-parametric
Mann-Kendall test and the discriminatory
power of ITA, the main objective is to extract
hidden non-monotonic trends and provide a
complete picture of ongoing climatic
transformations in the Zagros slopes. The
findings of this research will provide a scientific
and reliable basis for formulating adaptive
management strategies and water resource
sustainability in the region.

1995-2023 (29 years), obtained from the
Meteorological Organization of Iran. To
determine trends in  precipitation and
temperature time series, two complementary
methods were employed: the non-parametric
Mann-Kendall test and the Innovative Trend
Analysis (ITA) graphical test.

The Mann-Kendall test is one of the most
widely used non-parametric methods in climate
trend analysis, recommended by the World
Meteorological Organization due to its
independence  from  specific  statistical
distributions and robustness against outliers.
The null hypothesis of this test indicates
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randomness and absence of trend in the data
series. In this study, the test was applied at 95%
and 99% confidence levels. A positive Z-
statistic indicates an upward trend, while a
negative value indicates a downward trend.The
ITA graphical method, recently introduced by
Sen, can identify not only monotonic trends but
also non-monotonic and hidden trends in time
series. In this method, each time series is
divided into two equal sub-series (first period:

3. Results

Analysis of precipitation statistics shows
that the mean annual precipitation during 1995—
2023 was 446.6 mm. The relatively high annual
coefficient of variation (30.4%) indicates
significant dispersion of precipitation values
around the mean. The positive skewness of the
data (1.1) indicates asymmetry in the
precipitation frequency distribution, with a
predominance of low-precipitation years
compared to high-precipitation years. In
contrast, the mean annual temperature was
17.3°C with a coefficient of variation of 3.7%
and skewness of 0.4, indicating relative
temperature stability and slight skewness
toward warmer values.

The Mann-Kendall test results for temperature
data showed that temperature trends for all
months of the year were upward and statistically
significant. The highest Z-statistic values were
observed for the warm months (June to
September), indicating intensified warming
during the summer season. On an annual scale,
the temperature increase trend was significant at
the 99% confidence level with a Z-statistic of
3.4. The monthly temperature coefficient of
variation ranged from 2.8% to 23.2%,
indicating varying degrees of relative
variability. High coefficient of variation values
in January (23.2%) and December (19.1%)
indicate significant temperature instability and
fluctuation during winter, while months with
low coefficient of variation (May to September)
exhibit greater stability. Positive skewness in
most months indicates distribution skewness
toward warmer values.

In contrast, the Mann-Kendall test for
precipitation data showed no significant trends
for any month or on an annual scale. Although
the trend direction was decreasing in most

1995-2009 and second period: 2010-2023).
These two sub-series are then sorted in
ascending order and plotted in a Cartesian
coordinate system. If the points cluster along
the 45° line (y=x), no trend exists. Points above
the line indicate an increasing trend, while
points below indicate a decreasing trend. If
points are located on both sides of the line, the
time series has a non-monotonic trend,
indicating a combination of different trends.

months, this decrease was not statistically
significant. However, ITA graphical analysis
revealed more complex patterns, which are
described below by season.

ITA analysis for precipitation revealed that in
January and February, point distribution is near
the no-trend line, indicating relative stability in
winter precipitation. Although a small portion
of the data is located above the line, showing a
weak tendency toward increasing precipitation
in recent years, this change is not statistically
significant. In March and April, the distribution
pattern is predominantly concentrated below
the no-trend line, indicating that the mean
precipitation in these two months has decreased
in the recent period compared to the base
period. This pattern change is likely associated
with early spring temperature increases and
weakening of Mediterranean systems. In May
and June, limited fluctuations in precipitation
values are observed, with data concentration
above the no-trend line indicating a slight
increase in late spring precipitation; however,
due to the low precipitation range, this change
has no significant hydrological effect.

In July through September, precipitation values
are very negligible, and point distribution is
concentrated near the horizontal axis,
practically indicating no discernible trend. Only
in September do a few points appear above the
line, suggesting the possibility of early autumn
precipitation. In October through December, a
decreasing precipitation trend is clearly
observable. Data concentration below the no-
trend line indicates decreasing autumn
precipitation in recent years. This decrease is
consistent with evidence of simultaneous
warming in the final months of the year and is
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likely due to reduced penetration of western
rain-bearing systems to lower latitudes.

ITA analysis for temperature data also showed
that in January and February, all points are
located above the no-trend line, indicating a
noticeable  winter  temperature increase
(approximately 1 to 1.5°C) in the recent period.
In March and April, although data dispersion is
greater, the increasing trend continues, with
mean temperature rising by approximately 0.8
to 1°C, leading to increased evaporation and
soil drying in the early growing season months.
The highest temperature increases are observed

4. Discussion

Statistical analysis of precipitation and
temperature data at Khorramabad synoptic
station has revealed clear patterns of change in
these two climatic components. Monthly
precipitation, with a coefficient of variation of
30.4% and positive skewness, exhibited severe
fluctuations and non-linear behavior. In
contrast, temperature demonstrated relative
stability (CV = 3.7%) with a significant and
uniform increasing trend across all months.
Comparison of the periods 1995-2009 and
2010-2023 indicates shifts in precipitation
ranges and changes in the region's precipitation
regime.

Comparison of the methods used shows that
the Mann-Kendall test, due to its linear nature,
is incapable of identifying discontinuous trends
and subtle hidden changes in time series and
may fail to detect significant changes in the
presence of fluctuations. In contrast, the ITA
method, with its high sensitivity to sectional
breaks, provides a more accurate picture of
temporal discontinuities in precipitation and
temperature in the region. This is particularly
important for precipitation, which exhibits non-
linear behavior and severe fluctuations. The
findings of the present study demonstrate that
although the Mann-Kendall test does not detect

in May through September; points are densely
located above the no-trend line, indicating
sustained summer warming. This increase is
estimated at up to 1.2°C in some months and
aligns with increased agricultural water
demand. In October through December, data are
also scattered above the no-trend line,
confirming continued warming through the end
of the year. The highest increase is observed in
December (approximately 1.5°C), suggesting a
possible shift in precipitation type from snow to
rain and reduced winter temperature intensity.

significant trends for precipitation, ITA analysis
reveals decreasing precipitation in spring and
autumn, which can have significant
hydrological consequences.

The observed patterns are consistent with
previous studies reporting the concentration of
intense precipitation in the Zagros region.
Furthermore, the present results align with
multi-fractal wavelet analysis that confirmed
precipitation  structure  heterogeneity in
Khorramabad. This consistency indicates the
high capability of the ITA method in detecting
hidden trends.

The observed changes in precipitation
regime and sustained temperature increase in
the Khorramabad region have profound
hydroclimatic implications. On one hand, the
continuous and significant temperature increase
raises the likelihood of precipitation phase
change from snow to rain, intensifies potential
evapotranspiration, reduces soil moisture
content, and increases plant water demand. On
the other hand, the observed decrease in spring
and autumn precipitation, as an exacerbating
factor, sets the stage for the establishment of dry
conditions and the recurrence of drought
phenomena in the region. The combination of
these two factors imposes increasing
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hydrological pressure on the region's water
resources, placing the water resource system
under sustained pressure from increasing
demand and decreasing supply.

Temporal precipitation distribution across
different months is not uniform, with significant
irregularities observed in spring and autumn
compared to winter. Seasonal precipitation
variability in spring and autumn in the
Khorramabad region is approximately 1.5 times
greater than winter precipitation variability.
Additionally, the higher positive skewness
values in these two seasons indicate more
severe asymmetry in precipitation distribution
toward below-average values. This pattern
suggests that in spring and autumn, the
frequency of heavy and above-normal
precipitation events is lower than below-
average events; consequently, precipitation in
these seasons is primarily concentrated in
isolated, intense events. This pattern change can
pose serious challenges for water resource
management, as intense precipitation events are
associated with flood risks and water loss, while
reduced effective precipitation during growing
seasons leads to soil dryness and reduced
agricultural production.

Comparison of the behavior of the two
climatic components shows that temperature
and precipitation have responded differently to
climate change drivers. While temperature has
responded with a stable and increasing trend,
precipitation exhibits an oscillatory and non-
linear pattern. This difference in responses
complicates water resource management, as
both components simultaneously affect the
water balance, and intensified
evapotranspiration alongside reduced effective
precipitation increases the accessible water
deficit. These conditions underscore the

necessity of adopting preventive and adaptive
management strategies based on understanding
event-scale variability.

5. Conclusions

The present study, aiming for a
comprehensive  assessment  of  monthly
precipitation and temperature trends at
Khorramabad synoptic station during 1995—
2023, and by simultaneously applying the
Mann-Kendall test and the Innovative Trend
Analysis (ITA) method, was able to provide a
more complete picture of ongoing climatic
transformations in the Zagros slopes.

The results of this study showed that
monthly temperatures exhibited significant
upward trends across all months. The highest
temperature increases were observed in winter
months (December with over 1.5°C and January
and February with over 1°C), which can lead to
precipitation phase change from snow to rain,
reduced snow reserves, and intensified
evapotranspiration during the growing season.
Sustained warming across all seasons,
particularly in summer, is associated with
increased agricultural water demand and
exacerbates pressure on water resources.

In contrast, annual precipitation (446.6 mm)
showed severe fluctuations (coefficient of
variation 30.4%) with no significant linear
trend. However, ITA analysis revealed more
complex patterns: decreasing precipitation in
spring and autumn, relative stability in winter,
and severe fluctuations in summer. These
changes indicate a shift in the region's
precipitation regime and increased irregularity
in  temporal  precipitation  distribution.
Precipitation variability in spring and autumn is
approximately 1.5 times that of winter, and the
higher positive skewness in these seasons
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indicates that heavy and above-normal
precipitation events occur less frequently than
below-average events; thus, precipitation in
these seasons is primarily concentrated in
isolated, intense events.

The combination of sustained warming and
variable precipitation imposes increasing
hydrological pressure on the region's water
resources. Temperature increases lead to
intensified evapotranspiration, reduced soil
moisture, and increased plant water demand,
and alongside reduced effective precipitation
during growing seasons, exacerbate the
accessible water deficit. These conditions place
the region's water resource system under
sustained pressure from increasing demand and
decreasing  supply, with  consequences
observable in reduced agricultural production,
intensified drought, and population migration.
The inappropriate temporal distribution of
precipitation also presents serious challenges
for water resource management, as intense
precipitation events are associated with flood
risks, while reduced effective precipitation
during growing seasons leads to soil dryness.

Comparison of the methods used showed
that the Mann-Kendall test, due to its linear
nature, is incapable of identifying hidden and
discontinuous trends and may fail to detect
significant changes that occur in the presence of
fluctuations. In contrast, the ITA method, with
its high sensitivity to sectional breaks, is an
effective tool for identifying non-monotonic
trends and hidden changes in climatic time
series. This method is particularly effective for
highly variable regions like the Zagros that
exhibit non-linear climatic behavior and can

provide a more accurate picture of climatic
transformations.

Based on the findings of this research, the
following recommendations are proposed for
adaptation to climate change and mitigation of
its hydrological consequences: advancing the
rainfed planting calendar by two weeks to
utilize residual soil moisture and reduce
exposure to end-of-season heat stress; reducing
reservoir dead volumes by ten percent to
increase storage capacity during wet periods
and better manage water scarcity; and
establishing a rainfall radar monitoring network
in the upstream Zagros for more accurate
prediction of precipitation events and flood and
drought warning management. Additionally,
the application of advanced trend analysis
methods such as ITA alongside traditional
methods is recommended for  better
understanding of climate changes and
development of management scenarios.
Expansion of the meteorological station
network and use of satellite data can also
improve prediction accuracy and water resource
management.

The findings of this research provide clear
evidence of the link between climate trends and
declining water resource sustainability in the
Khorramabad region and can serve as a basis for
decision-making in  sustainable  water
management in western and southwestern Iran.
Given the intensification of climate change in
the coming decades, the adoption of preventive
and adaptive management strategies based on
accurate understanding of local-scale climate
changes is inevitable for ensuring water security
and sustainable development in the region.
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