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Table 1- Geographical location and climatic
characteristics of selected synoptic stations in Ardabil

province
Characteristics  Khalkhal  Ardabil  Parsabad
Altitude (m) 1797 1314 72
Longitude 48.54 48.33 47.78
Latitude 37.61 38.22 39.60
Tmean (°C) 9 10 15.5
Number of days
With Tmean<0°C 00 47 6
Mean annual
precipitation 364 272 261
(mm)
Mean number of
rainy days in a 100 112 78
year
Climate type (De Semi- Semi- Semi-
Martonne index) arid arid arid

ol e sl
59 ol o> laales Ll g sy p slp
Sz olle el oz ler o (S e
(CCL) ¥ el paldl yguncaS oy (WMO) ¥ wliislga
asbp (CLIVAR) °o 8l (6 pdy oion 9 sy puss
aazs 09,55 (WCRP) * Sz od8l sla imgs
Yool sloasls g (ooldl lss b 5 0)500
5 Laduiee iy la c0fg g Q.il A5 A ‘al.?d\ (ETCCDMI)
Sl 00 a3l Go.:l.el o> sleasles gl as el gsbf‘B)
(3223 ol o (Karl et al., 1999; Peterson et al., 2001)
bog ool @l 3L L bl ol o> als
VY- B VAAY 60,90 0 o)l el o ETCCDMI

0)51).5 9 ML?:.@ 6‘).3 W) J.J?u 9 Yl L}»L.O.ae

® Climate Variability and Predictability

> World Climate Research Programme

¥ Expert Team for Climate Change Detection Monitoring
and Indices

Journal of Agricultural Meteorology

30 g oL, il 4z 0 VOB vga> o)) sl Jlais o
cladl) cwl of 5 il ax,0 1 sga liwl Ggix
olis 1y Gldllas adlaie Cosdge VIS (ol ighs

.JQQGA

AP00E 432001 49900 50001

39°0'0"N

Legend

@ etcorvlogical Station

38°0'0"N

Wl dibio 2Ll i Cordgo ) S
Figure 1- The geographical location of the study area

ool 050 sdosls
Gaar gloliws! sodsl slaools lanl ¢ bz opl 4o
S 0l cdl o jenS cwlidlse lojlu 51 sl oyl
g owlidler slosls I eolaiwl L a5 ol aslllas
Sl (59,0 osly  rwione wab oo plxil (55409,000
I LQOT U9 o dooly CoaS g Como 5l laebl g0y g
oolawls e slaosls (ol ulis .o IS @ s C‘)éﬁ”‘ &l
oo g Syl oy 3y5e Il Gl o
s.,\.%)f )‘)5 (YG&@ Er 9 \&_J)J 6[.@0&‘\) Qam)
coole wa>45L (Allahverdipour and Sattari, 2023)
DSl 5 SETns wsslel 0y90 Jsb sl 5 heghs

Moosls asS JyiS 5 o ccsonldl Slalllas Lo oLl i
oKy s y3 (VAATY Y4 AluVA S jie o)

&l eonlpls o Sl oLl b g Jwo,l (JBds ayoen
slrosls 51 foo )l bl jo 3L o sl Jdos
L obwl Gax o JB waes oK) ailys,  soddl
S WY el I b linl 550 50 ool e YVAY glas )

' Outlier data

¥ Homogeneity

¥ World Meteorological Organization
¥ Commission for Climatology

Siglis owliilgh &y pid

Vol. 14, No. 1, Spring & Summer 2026, pp. 21-34

V-TF. o IFeB bl g,k ) oyl IF ol



DOI: 10.22125/agmj.2025.486331.1177

09 9 694l yp

Kendall lawg ow g 41,1 Mann (1945) Ly Jlas
G 500 Oldllae [0 oy, opl b eols dewss (1948)
Dinpashoh and Babamiri, 2020; ) <ol cols oolaul
30 JIS = e g5 dnle g, (Sadeqi et al., 2022
30 Sy G slrosls slass ST .l ouls 00ls 7 i dnlo]
doloee Vo asles 51S o)Ll dl N auypr Sy90 0,90

D9l 50
n-1 n
S=z Z sgn(X;-xy) o)
k=1 j=k+1

9 pl Kogpl] ools polie coudfas Xk 5 Xj ool 5o a5
Al iy a3 Vo adolie b aS cl Codle 13l sgn(0)
+1 if (xj—xk)>0
sgn(0)=<0 if (xj—xk)=0 )
-1 if (%%, )<0
dwlxe ¥ odolee 5l (Ll ,lg) Var(s) Slade caalsl o
n(n-1)(2n0+5)- 37 ti(t-1)(28-5)

18
slaws P g ol i atws jo alie slacols slaws ti a5

Var(s)= D)
oo 030y] o lel coles o el s Slasline b gladiw
Cewdds ¥ dlolas 1 wgd oo 00l lis Z sles b as” Jlaus' -

el

S-1 )
—_— if $>0
+/ Var(s)
7=<0 if S=0 4]
S+1 .
if S<0

+/ Var(s)
Ol e Hlade 5 (50gr0 Ky, cre 4 Z Cude lade
zhw 0 e Sl baosls jo Jo35 aig, oasmolis
Whpdy byd 4 gy 392 pas Gm (Ho) jho (559
F adolas jl oo dwlone Z olo] 3llan,0d oo a5 54 oo
Jla! shilas o laibsl Jbe y Jgoz 5l z s Z 31 25,5
PR 98 Ho (B8 Djge nl e 0 il Tha g 5S
Mann, 1945; ) 345 oo A,ul.: Ny, S92y S QT 1| B9

Gl sire prhaws (0 Wiy, ol iegh o (Kendall, 1948

Journal of Agricultural Meteorology

Zhang and ) RClimDex (s ,38ls 5 a5l (ga> (slaaylos
Wl oolaiwl R cwggiaali by CJB 5o (Yang, 2004
50 oolatwl 0,50 5,b o sleale Slasin ¥ Jsu

A2 g0 s | asdllas oyl

buwgi ouls gl 1)l guo sdarlei Y Jouar
owdgR 30 oul eslaiwl g ETCCDMI (Karl et al., 1999)
ol
Table 2- Extreme precipitation indices recommended by
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study
Index Definition Unit
Rxlday Maxlday precipitation amount mm
Rx5day Maxbday precipitation amount mm
Annual total precipitation
SDIl divided by the number of wet ~ mm/day

days in the years
Annual count of days when

R10mm precipitation > 10 mm day
Annual count of days when
R20mm precipitation > 20 mm day
Maximum number of
CDD consecutive days with rainfall day
<1lmm
Maximum number of
CWD consecutive days with rainfall day
>1 mm
Total daily precipitation is
R95p more than 95th percentile mm
R99p Total daily precipitation is mm

more than 99th percentile
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Figure 2- Spatial distribution of extreme precipitation indices in Ardabil province
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Figure 3- Spatial changes trend of the extreme precipitation indices in Ardabil province
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Table 3- The values of modified Mann-Kendall test and Sen’s slope estimator in evaluating the trend of changes in
the extreme precipitation indices in Ardabil province

Khalkhal Ardabil Parsabad
Indices Mann- Sen's Mann- Sen's Mann- Sen's
Kendall’s Z slope Kendall’s Z slope Kendall’s Z slope
Rx1day -0.59 -0.10 -0.59 -0.11 0.18 0.07
Rx5day -1.54 -0.50 -1.52 -0.41 0.38 0.07
SDII -0.66 -0.01 -0.75 -0.01 0.61 0.02
R10mm 0.08 0 -1.39 -0.07 1.40 0.10
R20mm -1.36 0 0.21 0 -0.74 0
CDD -0.10 -0.06 -0.48 -0.22 -0.71 -0.32
CWD -1.05 0 0.27 0 0.46 0
R95p -0.38 -0.46 -1.07 -0.87 -0.44 -0.22
R99p -0.21 0 -0.65 0 0.10 0
Precipitation
(total) 0.02 0.05 -1.07 -1.41 0.65 1.30

* Indicates significance at the 5% level
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Abstract

In recent years, climate extreme events have increased compared to the past decades. The aim of this study was
spatio-temporal analysis of extreme precipitation indices in Ardabil province, using the daily precipitation data of
several stations namely Khalkhal, Ardabil, and Parsabad during the baseline period of 1993-2020. Extreme
precipitation indices were calculated using the RClimDex software package and their trend were calculated based
on the Mann-Kendall test and the Sen's slope estimator. The results showed no increasing trend in extreme
precipitation indices in the central and southern regions of Ardabil province, most of the extreme indices had a
non-significant decreasing trend. In the northern station of Parsabad, most of the indices had a non-significant
increasing trend. Considering the entire province, the trend of the CDD and R95p extreme indices was decreasing
(non-significant). The highest decreasing slope of the CDD index with -0.32 days per year, was observed in
Parsabad and the highest decreasing slope of the R95p index with -0.87 mm per year, was in observed in Ardabil.
In the north of the province, the Rx1day, Rx5day, SDII, and R99p indices were increasing with a slope of +0.07
mm, +0.07 mm, +0.02 mm, and 0.1 mm (per year), respectively. In Ardabil and Khalkhal stations, no significant
or a slight decreasing trend was observed. The R10mm index was increasing in Parsabad (0.1 days per year),
decreasing in Ardabil (0.07 days per year), while its trend in Khalkhal was non-significant. The trend of changes
in total annual precipitation for Khalkhal and Parsabad stations was increasing (non-significant) with a slope of
0.05 and 1.30 mm per year, respectively, and decreasing (non-significant) in Ardabil station with a slope of -1.41
mm. year-1. In general, none of the extreme precipitation indices in Ardabil province showed significant trend (at
the 95% level). The results of the current study can be used in of extreme precipitation events, such as floods and
droughts management.
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