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Introduction

Due to global warming and climate change, droughts and extreme precipitation events are increasing.
Therefore, it is of special importance to know the characteristics of precipitation in the region in order to manage
water resources effectively especially during torrential rainfall events. This can help to reduce the risk of these
events and increase water reserves with proper management. These precipitation characteristics which are the
objectives of the present study, include the temporal-spatial distribution of precipitation in different parts of the
study area, as well as the number of days with and without precipitation and the maximum precipitation occurring
in the region. Also, these precipitation characteristics should give us information about extreme precipitation
events.

Materials and Methods

This research analyzed the characteristics of precipitation in Markazi province over a 30-year period (from the
crop year 1991-1992 to 2020-2021) using statistical methods and the spatial distribution was drawn and analyzed
with ArcGIS software. This province includes the 12 meteorological stations of Arak, Mahalat, Saveh, Tafresh,
Ashtiyan, Komeijan, Khondab, Shazand, Khomein, Delijan, Farmahin and Ghargabad, which the precipitation
data of these stations were investigated. The trend of precipitation changes in monthly, seasonal, and annual time
scales were also examined using the Mann-Kendall test. Moreover, extreme precipitation was assessed using four
indices: total extreme precipitation (R95p), number of days with precipitation above the station’s extreme
precipitation threshold (R95d), absolute intensity of extreme precipitation (AEPI) and the fraction of total rainfall
from events exceeding the extreme threshold (R95pT). The latter index represents the ratio of extreme precipitation
to annual precipitation in rainy days (daily rainfall above 1 mm).

Results and Discussion

This study reveals that, on average, 53% of the annual precipitation is accounted for by the maximum index of R95pT,
which indicates the percentage of extreme precipitation that occurred at each station relative to its the precipitation
of the corresponding year. Knowing the timing of these extreme events can help to manage floods and optimize water
resources. More than 20% of these precipitations occurred in March. The spatial distribution of rainfall in Markazi
province shows that the south-west regions have the highest average annual and seasonal rainfall, except for the
summer season, while the eastern regions have the lowest. The winter season has the highest rainfall on average,
followed by spring and autumn. March is the rainiest month with a coefficient of variation of 0.8 and an average
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monthly rainfall of 55.6 mm during the studied period. Due to most extreme precipitation events occurring in this
month, it has the highest importance for water storage and management throughout the year. The average
precipitation in March ranges from 32.6 mm (Saveh station) to 91.6 mm (Shazand station) across the stations of the
province. The maximum rainfall in this month varies from 124.4 to 254.6 mm among the stations of the Markazi
province, which is a considerable amount compared to the provincial average crop year. The standard deviation of
precipitation in this month is between 28.7 and 61.3 mm, and the coefficient of variation at the stations of the province
is between 0.6 and 0.9. Moreover, in terms of average monthly rainfall 22Nov-21Dec, 20Feb-19Mar, and 230ct-
21Nov are the next priority months for water storage management after 20Mar-19Apr, with average monthly rainfall
of 39.3, 38.2, and 36.3 mm, respectively. The Mann-Kendall non-parametric test results did not reveal a consistent
trend, but it showed that most of the meteorology stations in Markazi province had a significant decreasing trend in
the rainfall in 21Jan-19Feb at a 90% confidence level. The analysis of extreme precipitation indices indicated that
Shazand station had the highest extreme precipitation threshold value (28 mm), while Saveh and Delijan stations had
the lowest (15 mm). The extreme precipitation threshold average of 30 years in other meteorological stations of
Markazi province are 21mm in Arak, 17mm in Tafresh, 21mm in Khomeyn, 19mm in Mahallat, 17mm in Komeijan,
16mm in Farmahin, 21mm in Khondab, 17mm Ghargabad and 18mm in Ashtiyan.

Conclusion

The spatial distribution of rainfall in Markazi Province shows that the southwest regions have the highest average
annual and seasonal precipitation, except for summer, while the east regions have the lowest. The average monthly
rainfall also indicates that March has the highest rainfall among all months of the year, and that about 20% of the
annual extreme precipitation occurs in this month.

Keywords: Characteristics of precipitation, Extreme precipitation, Global warming, Extreme precipitation
indices, Markazi province
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Table 2- Brief description of the four extreme precipitation indices used in this study
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Index Descriptive name of index Units
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R95p —

Precipitation due to very wet days mm
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Extreme precipitation days day
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Absolute intensity extreme precipitation Index mm day!
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Extreme precipitation to total precipitation of very wet days
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Table 3- Characteristics of long-term annual rainfall (from crop year 1991-1992 to 2020-2021) in meteorological stations of
Markazi Province
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Station
name

Wiae  plwes ol

. Lreds
Cleo 2 )Y = bslw
o

Shazand Tafresh Arak Khondab Khomeyn Ghargabad Komeijan Ashtiyan Farmahin Mahallat Saveh Delijan

VLo (ke
Annual 490.1 3155 3118 309.3 296.6
average
4Vl
Annual
absolute
minimum
aYlo
Annual 961.6 464 5474 5725 514.2
absolute
maximum
o Gl
Yl
Annual

standard
deviation

267.3 169 1544 117.7 138

1495 798 9138 96.8 99.9

Olyass i
Coefficient 0.3 0.25 0.29 0.31 0.34

of variation

481.5

290.2 280.6 271.6 252.5 239.4 1928 1823

181.7 169.3 139.5 126.2 1051 76.6 885

532.5 443.8 419.1 416 2979 305.2

89.7 69.5 715 83.4 60.8 547

0.32 0.26 0.28 0.35 0.32 0.3
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Figure 2- Spatial distribution of precipitation characteristics in the cropping year of Markazi Province a) Average rainfall of

long-term cropping year b) Average number of days with rainfall in cropping year c) Average number of days with rainfall
of more than 10 mm in cropping year D) average number of days without rain
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Figure 3- Spatial distribution of seasonal rainfall in Markazi province



VoY 60,57 B oyl FY wls (S g of 4,5 AV

G +/8 dgan ol oyl )3 Olyss o pd g o o FF/A YO/ 650
O ol o] 3 5L (:Sle oo pars ;> ABb e )
A Caunl yio oo (85510 oiun]) AV/Y U (s olKs]) YA/A
OFIF B AEY o5l 10 adllas dyg0 0)93 p3 ole oyl 3 dly &y 5L
S5 e sl olinl 3 ()l slixe SBlizl )l 518 e e
03b 33 Olpasd oy g ol yio Juo YF/A B AF/A oy olo ol 5o
bl o] > )b pwSbe slodiawl 3 il o /A L /0
el g els &y 5yl e diins b e yie e FAY LYY 0
oLy sleolliu] > i 4 o Jeo VA LYY o 55 55 ol
2 e sho OMY LAY/ b jlse CBlyoul poomen wcasl W5l g
2555 ol Y B IV 03h 50 bl )3 Gl oy g ABl 0 0lo ]
(57F 5 0¥ ¥ (sla JSis) Gl olo a3 (51l (:0ke (S
03 0lo 93 & o bl g 55l olo didwl y> aS amd e L
5630&934.3&4@&&»]qub)bolnwpgw])ug

ol yidiy did!

et e s A 55l (539
O ol sl )3 5, jlde 1Sle olo (p3yg,8 4
Ay ABb o yto oo (1551 oK) AV/E b (09l olKtun]) YY/E
ot j5 o oo YO¥/E B AVE/Y (o 55 0lo cpl jd (8L y0 (i)
e sl o] Jlo (xKhe 4 dog b oS Canl (65 50 il sl
FAY B YA e (ol e Bl ailise s B ol
oSt 30 Ol pass e p 5 Gl 0 00l L5 olo ol > (6450 Jeo
2 ol (15S0ke slocuiinud,l 3 Conl AL < /F o il o
b iyl ddy (Canl o Jeo DO U YVA o liw] (sbeolSiws!
Focske VAAGYAN ojl 53 (551 g989 5l (Sl 50 olo ol (85
Sl ol Jlo (pSola & g L oS 3l o il (slmolSinl >
= ke YA/ BAMD 55l jlre Gl ool ol (glalas Mo JBB 5,0
B /Y bl slmolSinw] )3 Ol poss co pi g 28l g0 olo opl 45 ye
slo oy y3T 13 a3l oo 58,5 olo (1239,8 b duulie ;3 aS cal VY
VeIB BTN G il gloolRinl 5> ()l 5:0ke oo Juad ]
Re i a) A58 oy p 3y90 Glaole Cus & il ol
Sde b elay o)l s 52T &Bly j3 o)l sals g cél s« (olo
il claoloun] adS 13 3490 ol ol pamd o lis 1) oS
ool 028l 3l olo oyl jo dagi BB b by pas (65850
9 CMore o] > sS4 35 ole opl (8L, (sla 5L Al
Byl oloald 3 55 ol 03l &) o Lo AVIA g24/Y b lys 5 ST
$oolStun] > St oy 5 stk VA BV (il o
ST 5l ole plo b duolie p3 a8 wsb o VY B V/F 0jb p bl

Pl Fy )b e 1Sbe o gylel Slawle gl wlul
2350 (5 lol 0593 53 olojge 3 ailale o)l jlade 5 ASL o o olo e
oS 2ug]) 1Y b (o5bes olStl) /0 (s i) (sloolStay] 55 aslllas
ol g 2hs Sl Sl lsieas oloypo ol puiste o i (5505
pie Sl dgrge slagh)l el sl o8y ali Coanl
2 ool e diuiy il e ole pl 3 )L 8K lade il
(s olSEugl) YA b (gl olSzl) YOD ojly 5 i ole 3
S g o Canl (635 50 il Ciliee (slmolRin] )3 yia s
ol 3 Bk slee SBlaal sl o5l olo cnl )3 530 (551 585
e Gl cop 4 e & Cunl ()l (655ke 1 5550 0l
5 U8 slaoliul) V¥ (g jline Byl Clyis ol 9850 )
Camd olo (LT 53 )k pSle -l (o> olSun]) ¥ b (e
P ook oNle e aS(gysbay alliee drg LB olojee 4
SYIE b (ymds oSzg)) VE ol 3 oo bl )3 sl (sl
Bl S8l pae 4t bl e o e (WL olCuy)
3 F5e b cdbys el olo lyicas olo LT coloype 5> cawlio
Ol Wy Casl 085 ol Cenl Sl g ey Lo
(3555 o) YoV 5 (gbes o) YOIV 5l 55 olo il 55 3803
OY/O BAYA o3L p3 o)l ylade Hlxe Sl ool cpicman ol yio io
e 1Sl ool /AL /A 03L 45 Sl o g yie e
2 callae 3550 o)lel 0)9 3 ole L )3 sy g8y 4 bk
A8l o it o Lo VYA B YY/Y i 655 50 i (clmolSituy]
VEOIY B EVY o3l )3 50 olo (pl )d g £98g 4 (il diudn
e 3hign S5 5 olrds SlaolSian) 3 oy e
st g p> sl yio oo YF10 B AFIY e 53l sleme Bl
il o (0L Hlde i ym aS Wb o /AL 2[5 dgas ole oyl 4o
) Gl SS1 9 0392 528 bl 5 e (sloole (o)l 4 s Lol
ol S @95 ¥ 9 T Y sl S5 amd e Lt oS
o olo 3 )l jlade lawgio jolay a8 dad o i 1y 3l olo du
Uyl e oo dw pl 33 Coen Cal yiig Ul g s4e (slrole 4
il S Gliel 038 & S bl 55 )

Glicsey Juad yu aslale (a4l (S539
olo (65 4 bgsyo dalllan 3y50 090 10 ()b lasuiio wlwl y
g olo el 53 G0k (1Sl (555 o (il (oulitlgn (SlaolSinsl 5>
oK) 0/ U (oldy olStas]) YWY e il (slaolKiw)]
s ole opl pa 8Ly )b Al ol oad 5155 2o e (w551
9 Uil sla o] ;5 Py (gyie Juo OV/D B YF/Y 65L
Mol 63y iyl Hlxe Byl poren Ll oalidl las] jloeds



AYY o slel 390 30 (635 30 il 30 (T slogn 8 3 (213 Gink S s <ol 3 55Vl 15

03> &y iyl Hlade diddis 5 e duo VIV U+ /Y o (655 50 ol
o ole il 13 Uiyl slems Blyool o 45k YAUS B ¥/ o}l 5
coolislon (claolKiu! 1> lyuss o pd piored g o duo OV LY
b sloole aws ;o a8 5,8 ¥/0 B Y/Y ojL o 55550 ol
¥ JS) ooy 53 ()l Gle @i Ml oe Sy SlpS s
S 2l il o 5 5 o i Joke gy ) 5l (i
Grbosiz 5 adlls 3,90 (5 lol 093 13 olo (il 13 51l 98 inn
2 SY IS e sl (55550 il )¢ 1 e i
Ol 1y oledldye 53 (658 10 il (colKim] jo )b Jlade Sl
sl 555 yo il gdaw 53 2l slag)l g585 ;iky o5 03
olo o3 oloyga e 3 535 0 lisl )3 ol e (S e
aw 3 2l lade b sla )b g989 Sl (J-F JS5) (o) Lo
3 e o)l ool e el (g 4o > & Wibe Gl
e il Jlad dag

0393 3 wlale ()b (pSiles e (g le] )y S Cules
Ol 53 bole o 5h)ly o8 aas el (P Joi) dllo ¥
Ol xS b i ol g wihsl 3 098 (slmole (53950
eIA Sy Capd 5 sioke YEIY o YAIY YUY 00/5 silale
rSike ppiaS b sl (sloole ysiomad Atkuas +/% 5 /A oY
Jsb > Jlo laole (05 5)leS Gl qupo cp i 9 G051
idlige 535 0 il )3 g)lel 0590

Y — High . T F
R |

L RN 4 R

ologdyg il e iy il 75)5 oledb S b ol Jls
2l Comd ole ool )l (0le & am3 00 L5 (5-F JSC3)
S olo dw s3a) bole yoluw dile lizmen g sl il Jlo gloolo
Febar Gl @pf0g > (b Glise Blye g 55 ol )k
b Gl ()L gy Jlde Gyd g Jled G 4 g ol
Jol ole 95 & s (b-F o) oloslo s jo iyl jlade (puizcen

D)k ey JB SRl (o g 5 sl ) e

Olewsls Juad jo aslabe (iyls (S5
BY o3l o bl slaolKiuw! o i)l Hlde (1:ke oloys 4o
NA o 50 0o cpl ooy &) o)L dids 8L o o Lo Y/A
“ilp o5 Cal yia e (ed o) YY/A L (w55L5 olS))
Ol o oS (W5L5 o) 505 Juad s > il el oy 5
ol ol o il jlse Gl by ele cpl o 1) 8Ly 5L
VA oy Olyass oy g e due MO LYY 03l 15 (635 50 oyl
0 )18 S5 Glus cops b slaole 09,5 ;0 a5 Wb o ¥V L
Solinl 3 )k sl :Sle adlllas 350 )93 5> olodly e )
il Jlde aiiy )b )13 e Lo VY B /¥ o3L o ol
(x> olS2u) YSIE b (ST olSianl) BIY oy 55 ol ] 38y
O olo ol )3 G0k e jline Bliol ppiomen ABb e yie e
Syt Gy 5 yreide (ST olSi]) O b (ploxds olfil) VY
Olyass o b b sloolo dtwd jd aS Wb o FA LYY o3 5 5L
SleolRiwl ;> (5l ke (1:0lke olojgayeed 55 )l 48 S5




VPeY 03T oylois FY al> (S g of w5 AYY

%- High ' aY.¥

LA

L — Low ' ) i 1

— Low : «F

(€ 0225958 (5 il (9 oot (2 93 (5 31 (& LT (2 o0 (W (935 30 liaw! (owlindlan (grolRiunn] 3 ailale (43, (e 22595 ~€ S

2920800 (J 31350 (S 55 (5 210 3 (b g
Figure 4- Spatial distribution of monthly precipitation in meteorological stations of Markazi province a) 23Sep-220ct b)
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Table 4- Mean monthly precipitation and coefficient of variation in 12 meteorological stations of Markazi Province in a
period of 30 years
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Table 5- Mann-Kendall statistics in meteorological stations of Markazi Province (dark orange: increasing trend at 95%

confidence level, light orange: increasing trend at 90% confidence level, dark blue: decreasing trend at 95% confidence level,
light blue: decreasing trend at the 90% confidence level
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Anual 073 118 -092 -075 -133 -0.08 | -228 -002 -014 054 1.02 1.96
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Table 6- Extreme precipitation threshold average of 30 years in meteorological stations of Markazi province
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Extreme precipitation threshold average of 30 years of meteorological stations of Markazi province

ol pl SHE el R One Sl REAN RS xS o s bl olkas!
Name Arak  Saveh  Tafresh Khomeyn Shazand Delijan  Mahallat Komeijan  Farmahin  Khondab  Ghagabad  Ashtiyan
Rwn95 (mm) 21 15 17 21 28 15 19 17 16 21 17 18
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Table 7- The maximum and minimum of R95pT in the 30-year period in the meteorological stations of Markazi province

Syl sglw ey e Wil gl OVe  gleeS omeesd olud ablg.Ee ol

Arak Saveh  Tafresh Khomeyn  Shazand Delijan  Mahallat Komeijan Farmahin Khondab  Ghagabad Ashtiyan

Max

rospT 00 59 48 57 62 58 50 54 49 45 45 54
Min 10 7 11 15 11 9 8 8 8 7 8 10
R95pT
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Table 8- Examples of four extreme precipitation indices calculated in the studied period (1370-1371 to 1399-1400)

8wl JWw  Res,  R9SdA  AEPI  R95pT sl JW Resp R95d AEPI  R95pT
Station Year (mm) (days) (m/day) (%) Station Year (mm) (days) (m/day) (%)
Sy
1397 317.4 10 31.74 60 ol 1380 160.7 5 32.14 58
Arak
ol 1377 87.2 4 21.8 59 Delijan 1397 79.6 4 199 27
Saveh 1373 132.3 6 22.05 51 IEN 1378  90.2 2 45.1 50
1397 128.2 5 25.64 44 Mahallat 1397 107.4 4 26.85 29
oo 1370 220.5 8 27.56 48 ObeS 1378 100 3 33.33 54
Tafresh 1378 135.2 4 33.8 48 Komeijan 1397 240.5 7 34.36 46
1397 167.6 5 33.52 37 Ok 1378  111.7 2 55.85 49
s 1378 82.1 2 41.05 57 Farmahin 1397 195.2 7 27.89 48
s
Khomeyn 1380 251.6 8 3145 52 1397 2554 5 51.08 45
Khondab
Sbls,e
1397 249.2 8 31.15 49 1397 213.20 7 30.46 45
Ghargabad
L5 1378 217 5 43.4 62 uL.wl 1378 110 2 55 54
Shazand 1379 189.2 5 37.84 50 Ashtiyan 1397  187.9 7 26.84 44
1397 481.8 12 40.15 50
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Table 9- The share of the extreme precipitation in 20Mar-19Apr from the total average annual precipitation in the 30-year
period in terms of percentage in the meteorological stations of Markazi province

SH s i omed Wil gl OMe e omed s ablgE gl
Arak Saveh Tafresh Khomeyn Shazand Delijan Mahallat Komeijan Farmahin Khondab Ghagabad Ashtiyan
25 225 245 26.1 218 25 22.9 23.2 28.6 25.8 30 28
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