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Extended Abstract

Introduction

The most obvious signs of climate
change in recent decades are
increasing temperatures and
changing  precipitation  patterns,
which have far-reaching
consequences for food security,
hydro-climatic hazards, the water
cycle, and the livelihoods of human
societies. In the Middle East and
Eastern =~ Mediterranean  region,
evidence shows that the intensity of
extreme temperature events and the
rate of warming in most regions are
faster than the global average, which
can increase the fragility of water
systems and sensitive ecosystems.
Accordingly, the present paper aims
to identify and quantify the uniform
trend of annual temperature and
precipitation at stations in
Kermanshah Province.

Data and Methods

The present study aimed to
simultaneously analyze monotonic
trends and structural breaks in
temperature and precipitation
variables in Kermanshah Province

over the statistical period 1368—1397,

based on data from 12 synoptic
stations. In semi-arid regions, merely
identifying linear trends is not
sufficient to explain climatic
behavior, as climate changes often
occur in a nonlinear and
heterogeneous manner and are
accompanied by shifts in statistical
regimes. Therefore, in this study,
long-term trends were first examined
using the Mann—Kendall test and
Sen’s slope estimator. Subsequently,
Innovative Trend Analysis (ITA) was
applied to reveal sub-trends and the
asymmetric nature of the changes. As
a complementary step, the Pettitt and
SNHT tests were employed to
identify structural breaks, and the
reference break year for separating
the before-and-after periods was
considered to be the Pettitt break year
(in cases where the two tests agreed,
the robust break year was reported).
Results and Discussion

The results of the Mann—Kendall test
showed that the mean annual
temperature exhibited an increasing
trend at all stations, and among the
stations examined, seven experienced

statistically significant increases. The



highest value of the Z statistic was
observed at Sonqor with Z=3/05,
indicating a very strong increasing
trend at this station. Following that,
Kermanshah  (Z=2/93), Sarpol-e
Zahab (Z = 2/87), Paveh (Z = 2/60),
Sahneh (Z = 2/37), Qasr-e Shirin (Z
= 2/23), and Islamabad-e Gharb (Z =
2/12) also showed  statistically
significant temperature increases. In
the other five stations, although the
temperature trend was increasing, it
did not reach statistical significance.
This pattern indicates that warming
in Kermanshah Province is not only
widespread but also more
pronounced and intense in certain
geographical centers.

In contrast, annual precipitation
exhibited a more complex and
heterogeneous behavior. The results
of the Mann—Kendall test indicated
that  precipitation  showed a
decreasing trend at 6 stations and an
increasing trend at the other 6
stations; however, none of the
decreasing trends were statistically
significant. Among the increasing
trends, only the Gilan-e Gharb station

showed a statistically significant

increase in precipitation with Z=2/42.
For example, at Sarpol-e Zahab the
value was Z=-1/57, which, although
indicating a decrease in precipitation,
was not statistically significant.
These results indicate that, unlike
temperature, precipitation in
Kermanshah Province does not
follow a uniform and coherent
pattern and, rather than reflecting a
stable regional trend, it is influenced
by spatial and multi-scale variability.
The Innovative Trend Analysis (ITA)
also confirmed this behavioral
difference. In the precipitation series,
the patterns were not uniform and
different parts of the province
showed different responses.
Increasing precipitation trends were
observed at the stations of Gilan-e
Gharb, Paveh, Sonqor, Harsin, Qasr-
e Shirin, and to some extent
Kangavar, whereas Islamabad-e
Gharb, Sarpol-e Zahab, Sahneh,
Kermanshah, Ravansar, and Javanrud
were mostly associated  with
decreasing trends. Nevertheless, the
magnitude of these trends was weak
and close to the equilibrium line at

most stations, and only Gilan-e



Gharb emerged as the most
pronounced case of increasing
precipitation. For temperature, the
ITA results showed that at the
stations of Sarpol-e Zahab, Qasr-e
Shirin, Sahneh, Kermanshah, Paveh,
Sonqgor, and Islamabad-e¢ Gharb, a
considerable portion of the data
points in the second half of the
period lies above the 1:1 line,
indicating intensified warming in
recent years and higher temperature
values during the latter half of the
study period.

The Pettitt and SNHT tests for
detecting structural breaks provided a
clearer picture of the climatic
evolution of the region. For
temperature, significant break points
occurred in the late 1990s and the
mid-2000s, indicating that the
thermal climate of the province
diverged from its previous state at
two important periods and entered a
new regime. The greater simultaneity
and statistical significance of the
temperature breakpoints at the Qasr-e
Shirin and Sonqor stations make
these two locations prominent centers

of thermal climate change within the

province. After these breakpoints,
temperature increases became more
pronounced at most stations, and this
pattern can be interpreted as evidence
of accelerated regional warming.

For precipitation, the results of the
structural break analysis were more
scattered and, unlike temperature, no
single year or uniform break period
was identified for the entire province.
A statistically significant break was
observed only at the Gilan-e Gharb
station in both tests, accompanied by
a jump in the mean precipitation after
the breakpoint. At the other stations,
precipitation breakpoints were either
weak or did not follow a coherent
spatial pattern.

The before—after analysis showed
that temperature increases after the
breakpoints are evident at most
stations, =~ whereas  precipitation
changes are heterogeneous in both
direction and magnitude. The
simultaneity of temperature
breakpoints indicates a regional
signal of accelerated warming, while
precipitation breakpoints appear to be
more influenced by multi-scale

variability.



Conclusion

The results of the study show that
temperature and precipitation
structural failures are important tools
for heating signals and precipitation
amount, and the analysis of Mann-
Kendall trend and Sen’s slope can

explain the changes in precipitation

of stations. Also, these analyses can
be used to investigate the changes in
uniformity and regime changes of

water and meteorological elements.

Keywords:
Climate change, Structural break, Innova

tive Trend Analysis,SNHT, Pettitt
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