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Extended Abstract

Introduction

Changes in precipitation characteristics can have profound impacts on natural ecosystems, Precipitation serves as
a critical global variable for examining and identifying climate change within a region. As one of the most
significant environmental challenges of the current century, climate change has exerted extensive effects on
various components of the hydrological cycle. Under these circumstances, investigating,climate change and
identifying the timing of significant shifts in precipitation time series 18 'of particular importance. One effective
method for analyzing climate change involves identifying change points withinhydrological and climatic datasets.
A change point refers to a moment when the statistical properties of a time series, such as the mean, undergo an
abrupt shift. These points can indicate alterations in precipitation regiimes or changes il?hprobability of extreme
precipitation or low-rainfall events. Consequently, identifying change points and@analyzing precipitation frequency
patterns before and after them serves as a powerful tool for understanding theimpact of climate change on the
hydrological regimes of various regions. Change points represent abrupt alterations in the distribution parameters
of a dataset, effectively dividing the data into two subsets with distinct statistical characteristics. Climatic changes
affect not only the average precipitation but alsoithe statistical structure of precipitation distribution, such as the
frequency of extreme events, the skewness and kurtosis of theysésies. |\ Therefore, in this research, for a deeper
understanding of the impact of climate change on precipitation, theschange in the probability functions of the
precipitation data series was investigated. \

Materials and Methods

To analyze precipitation changes, data ftem the country's synoptic and climatological stations, featuring long-term
records, were obtained from the Iran Meteorological Organization. The study utilized the entire available statistical
period (1951-2025), with data analyzed atboth monthly and annual scales. Following quality assessment and the
exclusion of stations with incomplete tecords; the data were used for statistical analysis and the examination of
precipitation trends. Acecounting for spatial distribution, the study evaluated 87 stations across the country, each
providing between“40 and 75 years of datay(the latter representing the longest record available in Iran).
Additionally, theystudynfocused, on the six-month period from November to April, when the majority of
precipitation occuts across most regions of the country, as well as annual average precipitation. First, the change
points were detected usingthe Pettitt method;then, the best-fitting probability distributions for the series before
andyafter each change po;ntg\er: determined and analyzed. To analyze the precipitation frequency distribution,
the [best statistical distﬁ%ion as first fitted to the precipitation time series, both before and after the change
point;.and the parameters for each distribution were estimated using either the maximum likelihood method or the
method of moments. The fitting process was conducted using EasyFit 5.6 software, which evaluates 65 statistical
distributions a‘;&ons the results; the optimal distribution was selected based on the Kolmogorov-Smirnov test.
Analyzingthe frequency distribution (or probability function) of the precipitation series before and after the change
point allows for a comparison of the statistical structure and the frequency of low, moderate, and extreme
precipitation events across the two periods. Finally, changes in the shape and characteristics of the probability
distribution funetion curves, as well as shifts in the curves before and after the change point, were examined.

Results and Discussion

The results indicated that, with few exceptions, the precipitation probability distributions before and after the
change points differed at nearly all stations and in all months with significant change points. This suggests that, in
addition to changes in the mean, other statistical characteristics of the precipitation series also changed, reflecting
substantial shifts in precipitation patterns. After the change points, most stations exhibited a decrease in the
probability of heavy precipitation and an increase in the probability of low precipitation, indicating a rise in the
frequency of weak or short-term precipitation events. In other words, the probability density in low-precipitation
intervals increased significantly. This pattern suggests that the precipitation regime in most stations with
significant change points has shifted toward drier conditions, with the dominant precipitation systems losing
capacity to produce heavy rainfall.



An examination of the skewness and kurtosis of the precipitation distribution at Shahrekord station before and
after the change point showed that the distribution remained positively skewed during both periods. However, the
skewness was greater before the change point, indicating stronger asymmetry and a greater influence of heavy
precipitation events during this period. In terms of kurtosis, the precipitation distribution before the change point
exhibited positive excess kurtosis (K > 0), indicating a leptokurtic distribution with heavier tails than the normal
distribution and, consequently, a greater likelihood of extreme precipitation values. After the change point, the
kurtosis decreased and approached values closer to zero, suggesting a reduction in the probability of extreme
precipitation events and a greater concentration of precipitation values around the central part of the distribution.
Overall, the observed changes in the distributional characteristics, particularly the reduction in kurtosis
accompanied by persistent positive skewness, suggest a decline in the frequency or probability of heavy
precipitation events after the change point. This pattern, which is observed at most stations with significant change
points, indicates a shift toward a precipitation regime characterized by fewer extrerne, rainfall events and a less
heavy-tailed distribution.

Conclusion

Given the complexity of climate change and the challenges associated with identifying its,ifapacts on climatic
variables, the findings of this study demonstrate the importance of examining changes in\the probability
distribution functions of precipitation series before and after identified change points. Inparticular, evaluating the
full distributional structure, including higher-order characteristics such as skewness ani osis, together with the
magnitude and direction of shifts in the mean, provides a more comprehensive understanding of changes in
precipitation characteristics than an analysis based solely on changes in'théimean{ This distribution-based approach
can therefore improve the identification and interpretation of climate-induce&anges in precipitation regimes,
particularly those affecting the frequency and magnitude of extreme precipitation events.
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Fig 2. P-values for the significance of change points in annual precipitation



Table 1. Stations with significant change points (0.1 and 0.05) along with the year of change
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Jan Year Feb Year Mar Year
Arak 1984 Lengeh 1999 Maragheh 1998
Khur 2009 Sanandaj 1992 Fathabad 1999

Sanandaj 1985 Tabriz 1976 Kerman 1998
Bojnurd 2006 Chahbahar 1992 Gorgan 1976
Esfahan 2007 Qom 1996 Sanandaj 1998
Noshahr 1999 Jask 1996 Shabestar 1993
Khoy 1986 Robat 2004 Kish 1999
Kardeh 1992 Sabzevar 1970 Anar 1999
Sahneh 2006 Arak 1996 ushehr 1999
Bushehr 2008 Maragheh 1996 (%qbad 1999
Khorramabad 1982 Khorramabad 1996 Masjedsoleyman 1999
Sabzevar 2006 Kish 1996 Ferdows 1999
Shahrekord 2006 Apr Year Margmalek 1998
Pishva 2005 Saqez 1996 Aligudarz 2007
Hamedan 2008 Birjand 1984 Ilam 1998
Abadan 2008 Fathabad 98 Tabriz 1977
Kerman 2000 Shabestar \ 1990 Sarab 2001
Masjedsoleyman 2014 Kermanshah 1976 Nehbandan 2000
Nehbandan 2000 Maragheh 2007 Babolsar 1992
Birjand 2010 Robat 2003 Kuhrang 1998
Jandagh 2008 Gorgan 1974 Khoramd 2007
Dezful 2005 Mashhad 1993 Zabol 1997
Robat 2003 Yazd 1977 Semnan 1999
Mashhad 2006 Dezful 1999
Quchan 2005 Anzali 1991
Qom 2009
Torbat 2006
Kuhrang \006
Yasyj \ 2007
Ferdows 2008
Ahvaz 2006
Jask 1998
Sarakhs 2000 Quchan 2009 Shabestar 1992
Anar, 2007 Fasa 2006 Kerman 1997
Kish 2004 Ferdows 2009 Tabriz 1982
Dezful 2007 Gonabad 2009 Gorgan 1983
Siri 2009 Gorgan 1994 Zabol 1999
Abadeh 2010 Sabzevar 2007 Maragheh 1998
Lengeh 1993 Bushehr 2006 Zahedan 1976
Ahvaz 1980 Torbat 1992 Gonabad 1999
Shiraz 2003 Fathabad 2009 Saqez 1994
Nehband 2010 Noshirvan 1992 Bushehr 2005
Yasuj 2003 Pishva 1981 Orumiyeh 1995
Rask 1988 Ahvaz 1969 Ferdows 1999
Khur 1998 Minab 1995 Jask 1998
Minab 1998 Esfahan 2006 Birjand 1997
Robat 2004 Kardeh 2004 Khoy 1988



Fasa 2003 Bojnurd 1992 Arak 1982

Maragheh 1995 Mashhad 2004 Khur 2004
Jandagh 1998 Sanandaj 1993 Kish 1999
A nYazd 2010 OlaueiNehban 1995 Olaiet Nehbandan 2000
Abumusa 1999 Ardebil 1993 Ilam 2006
Torbat 1992 Shiraz 2006 Torbat 1999
Abadeh 2009 Kashmar 1999
Ilam 2005 Hajiabad 1990
Sahneh 1992 MarghMalek 2006
Khur 2008 Lengeh 2000
Zahedan 1995 Kuhrang 2007
Shahrud 2009 Bojnurd 2005
Sarakhs 2014 Ahvaz 1966
Maragheh 2003 Yasuyj 2006
Kermanshah 2003 Khorramabad 1997
Khrang 2007 Masjedsoleyman 2006
Tehran 1971 Pishva l\ 2005

Semnan 2008

Zabol 2009 \
Saravan 2009
Kashmar 2007
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Table 2. Number of significant changepoints on a monthly and annual scale at each station

Station Number Station Number Statiofs, | Number Station Number
Arak 1 Tabriz 2 Sarab 1 Kashmar 1
Anzali 2 Torbat 3 ;Sf\ 1 Kerman 2
Ardebil 1 Tehran 1 Sarakhs 2 Kermanshah 2
Abumusa 1 Jask 2 Saqez 1 Kuhrang 4
Esfahan 2 Jandagh 2 Semnan 2 Kish 4
Aligudarz 1 Chahbahar 1 Sanandaj 4 Gorgan 3
Anar 2 Khorramabad 3 Saravan 1 Gonabad 2
Ahvaz 3 Khorramdareh 1 Shahrud 1 Maragheh 5
Ilam 2 Khur 3 Shabestar 2 Marghmalek 1
Abadan | Khoy 1 Shahrekord 1 Masjedsolyman 2
Abadeh 2 Dezful 3 Shiraz 2 Mashhad 3
Babolsar 1 Rask | Fathabad 3 Minab 2
Bojnurd 2 Robat 4 Ferdows 3 Nehbandan 4
Lengech 2 \ Sabzevar 3 Kardeh 2 Noshahr 2
Bushehs 3 Zahedan 1 Qom 2 Hamedan 1
Birjand 2 Saveh 2 Quchan 2 Yasuj 2
Pishva \Z Zabol 2 Fasa 2 Yazd 2
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Table 2. Probability Density Function (PDF) with Kolmogorov-Smirnov (K-S) statistic for before and
after the significant change point

Jan K-S Probability Function K-S Probability Function
Abadan 0.08 Beta4 0.09 Weibull (3)
Bushehr 0.07 Beta4 0.10 Gamma (2)
Kerman 0.07 Weibull (3) 0.09 Weibull (3)

Khorramabad 0.08 Gamma (2) 0.05 Weibull(3)
Mashhad 0.07 Gamma (2) 0.12 Logistic
Sabzevar 0.07 Betad 0.10 Beta4

Arak 0.13 Log-normal 0.07 \ Beta4
Birjand 0.09 Logistic 0.10 amma (2)
Shahrekord 0.07 Weibull (2) 0.12 Gamma (2)
Ahvaz 0.08 GEV 0.10 \ Weibull (3)

Feb

Khorramabad 0.07 GEV 0.07 GEV

Tabriz 0.08 Logistic \ 0.07 Gamma (2)
Sabzevar 0.12 Exponential \ 0.06 Beta4
Arak 0.06 Gamma (2) 0.07 Weibull (3)

Mar
Abadan 0.10 Weibull (2) 0.11 Normal
Babolsar 0.05 Weibull (3) 0.06 Gamma (2)

Anzali 0.07 Gamma (2) 0.08 Weibull (3)
Esfahan 0.08 Weibull (3) 0.07 GEV
Kerman 0.07 Beta4 0.12 Weibull (3)
Tabriz 0:07 Log-normal 0.07 Weibull (2)
Gotgan 4 011 Normal 0.07 Logistic

Apr N \

Bushehr ™ %  0.08 Weibull (3)- 0.11 Weibull (3)

Kermanshah 0.09 Log-normal- 0.06 GEV
Mashl;&\ 0.06 GEV- 0.08 Weibull (3)

Gorgan 0.10 Logistic- 0.09 Weibull (2)
Yazd 0.12 Beta4- 0.08 Gamma (2)
Arak 0.11 Weibull (2)- 0.08 Log-normal
Birjand 0.09 Beta4- 0.06 Weibull (3)

Dec

Kermanshah 0.07 Normal 0.06 GEV
Mashhad 0.07 Weibull (3) 0.17 Exponential
Shahrud 0.12 Weibull (3) 0.13 Weibull (3)

Shiraz 0.08 Weibull (3) 0.16 Weibull (3)

Tehran 0.12 GEV 0.05 Weibull (3)
Zahedan 0.08 Weibull (3) 0.28 Weibull (3)

Gorgan 0.09 Gamma (2) 0.07 GEV

Sabzevar 0.07 Weibull (3) 0.09 Weibull (3)



Bushehr 0.13 Weibull (3) 0.13 Gamma (2)

Shiraz 0.13 Weibull (3) 0.10 Beta4
Yazd 0.19 Weibull (3) 0.11 Gamma (2)
Ann

Kerman 0.06 GEV 0.09 Logistic

Khorramabad 0.06 Normal 0.10 Logistic
Orumiyeh 0.07 Weibull (3) 0.06 Gamma (2)
Tabriz 0.08 Log-normal 0.05 Gamma (2)
Zahedan 0.11 GEV 0.07 Chi-square
Gorgan 0.13 Chi-square 0.09 Weibull (3)

Arak 0.08 Logistic 0.06 Beta4

Birjand 0.10 Gamma (1) 0.10 Weibull (3)
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Fig 4. Annual-scale probability function curve for some study stations, before (blue curve) and after (red
curve) the change point. The vertical lines inside the Fig indicate the average precipitation before and
after the significant change points.
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