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of Short Duration Rainfalls Using a Regional
Climate Change Model

(Case Study: Tehran)
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Abstract

Climate change and global warming are the biggest challenges
in the present era, which have affected the global and regional
hydrologic cycles. Precipitation is one of the climate elements
that has been directly affected by the rising global average
temperatures. One of the most important negative effects of
climate change is increasing the intense precipitation and
henceforth occurring flash floods. The present study firstly
analyzed the trend and jump of the short duration observed
rainfalls (10 minutes to 3-hour duration) in the Mehrabad
station located in the west of Tehran by using Mann-Kendal
and CUSUM approaches, respectively. The trend test indicated
an increasing trend in the short duration rainfalls amount at the
99% confidence level while 1978 was distinguished as the
jumping year. For using dynamic downscaling to meet the fine
spatial resolution required in the present study, the PRECIS
regional model was employed to evaluate the changes in the
intensity, duration, and frequency of the short duration
rainfalls, derived from the daily rainfalls by applying a special
time downscaling factor, after the year of the jump for
historical data and also under the A2 and B2 emission
scenarios for future. The results of the IDF analysis showed
that in the far the future (2070-2100) the amount and intensity
of precipitation would increase significantly over a given
return period. There is also a significant increase in the
frequency and probability of occurrence of extreme
precipitation.
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Table 1- Properties of Mehrabad Station
3L o0 01539 38 0l0imns | Cliasiuio - Jgu>

Name Latitude Longitude

Level of Sea (m) Perception (mm/year)

Mehrabad 35.41 51.19
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&S5 oply g asl o)Ll Jae g (sloin] (dlaidl o6, <y
e | cblis o & (£5955S5 055 US s o )l a5
S )3 29500 Gy Sladate phaw > gloinl Goi> 9 Cun
ol g 5 (Sl Sl oo o 335 A2 (532

Sl e oanl (glis p e byl |, (clashaie

PN i3 Judod -0
9 &l sloyed el llyd (gl Sl ()L pad jslale &
op s B9y cpl yd s o3l VL (cas claodld g jl o]
@ e 290 0990 Sl ISy e (b s el &y )L ke
ool By g 900 48,5 i )3 o)k Sloj sy linl s
S35 e s s bl sl 235 (o0 418 o0y 3090
w5 Jole 39y 4 1l obl e o] ;> ke 0ligS (cla y5,b
ook Glej sy 4 PRECIS Jso | Juol> 01i2] 09 459, 45,0
Sloj S dd 93 pn 59y 3 e g 08 S OdeolS
2 Lwly cpl po i plsl Slglyd Jdow suds (gilwdud 5 (Su),b
4 5zl AVl Slas oyl polie pglis 0y9d o (gl Tl
gyl (i Sosd cpl g g 9 035 Jds L o
Cars ool g ales 3 g ab o Bily bl slags

) leipwlidess ) Y
o)l CuiS il 693 9 Code (odd Sl () 9 adlllas (sl
B agdo Ve m YU Jloj S8y cyud b olaodld &y s oligS
o Lil &S yelailens (Mirhosseini et al., 2013) cuol jls el
slp e ol 5 ) 2 (ages (B35 slae 21y
& bayye clidllae caslio po jb & col alale loj sl yoliio
05055 e I oslil gy ol Ky il e IDF &l yuuis
dilato ly 3l @l Sloj o S aleipubdens) g (oses
Palmer et al., 2004; Southamet al., 1999; ) coul adllas 350
Ol g @i Blial 4 asg5 L (Coulibaly and Dibike, 2004
3)5 oo &yl aligy Juolgd ;3 PRECIS Juo (glaosls 5™ Ls
leigplien; cobo g 5 jl s sl odly col sl Y

5 oolitul jelaie 4 VADANAAe m dgnge (5yll (60590
o Jlo 1 e (gboodly 5l aiil pols bayl s Bymo 48T s lodls
A5 ookl idot (gdm pB ,0 (VAYASYARL )

O 9 Mg, V-
obgS sk csloodls )3 e Jlo s 9 K59, soralite yslaie 4,
TREND l33le 5 5l (wlidlen clojle 5l odd (gylaes @e
ol 5 B9y (Sen )l sl )l3Ble s ol el Jas 4 oolizl
b o (s slondls IS o 4y 5 (Sagls e slaosls 3
Kundzewicz and Robson, 2000; Grayson and ) Caol 845

0931 WY l8le 5l 13 3290 (s lel (slaysesl (et al., 1996
Sgy paseds ly gy ool S JS—0e laggeil Jalid
Sy Bt F s Sllpul s g Sy slagygejl
sl " Stan 353" g V) M) &y bl Mile ool
goome MplugS Ol mig sl 5 (Sen pasis
P b Gie pasus lp ool -5 MTeds,e
d329 3 b b > JWS —ge bl ogesl )yl Simgd,
ol 005 o3lisl ez o sl plo 55 520 (901 9 g,
Ggles (g b axe Minitab iele s 51 edlaiel L ocoly o

28,5 )18 bgeil 390 e Slan g S8 ol slapeSibe

PRECIS Juo -f-Y
S J315 3 PRECIS (gldilaio Loglil Jao 5l yols imgss 5o
—e ol i Jdo s> ddlge 355 o HadAM3BH s
Jo gl sl 00 03lizl el Jola 35 50 HAICM3 sl
N P aY AL S a5 VO Sl S8 cyid gl
S Gos > OV ¥ g (gl )3 5yieglS Yo U (3005 el
SRES jlisl clag,lus jl odlizul L PRECIS Juo .col
WS dbul iledse 0y sl ) edldl slagy sl
PRECIS Jus gl jl ol 00 > (Babaeian et al., 2008)
5 (V1) b goypd )k Pl ileand sl
oo B2 g AZ )l 95 Cod (VoY =V 1) (i (50592
e wlie gly yieghS YO S S8 )8 4 alljg, Sl
e o sl 5 B2 gl oS cusl S5 4 p3Y 5 eolitl

IFAA ol oF 8 ylowd o3 3L Jw oyl o] o @olie eolisiog
Volume 15, No. 4, Winter 2020 (IR-WRR)

AATA



ailae g slaghla e 9 ale
Sl 9 e s sla oo ((Mirhosseini et al., 2013)
2 ok dede gl (Visad g pj lapls ol
dipdp 4 GEV (SYleinl @i (ajln (V Jlo 2 53 ()L pols
(7 iS5l 09 2 5> i)k e glsul 5 5L slaosls
sbapgls plos sl J8 slapls IS5 (F ()l ©ad anslxe
2)93 &y 5k polts bl 5> ()l @Al 3903 sy (B 5 )L
oo 0bsS Uiyl slodls (sl LolS ol cilises (slacudSl
w2l 5y55 SPRECIS Jto ko 5 yoliiags, cslaodls g Sl

sl 0k 1,21 B2 g A2 il gyl 93 b o8 i 5

==Y

DR S g g odnlidie I (¢ paie s I e (i cpl
5 oo @ oblyge ol Shialie cie oligS clayo)lb
b @aoolisS (sla iyl cudS5l 890 5 e b sy b5,

Lol oy aiz by PRECIS (gladlaio Jdo 5l oolaol

5 ©aaoligs 55k 53 e g Mgy 3929 (owyz V-

@39 owlie
oor Sly plogsS g JUS— e ymelbl (slaggesl ) eslisd
i8> Ve (glapslis) ot obgS () (Sloj 6w > ke 9 89,
A8 520 el gaw 1 (V0124 ol b celu Y b
35 5 Uiyl sleodly Ked pae (Vb Cunts |y ls opl o
Slalie ol 13 e jon (Vg 20)d A gaw 3 ()l
Gla S5 5 45 poboilan ol o1 ) el ¥ g 4i53 Vo polis
oMo (el ¥ pglts (5ly) bV 5 (4035 Vo polts (5l,s) @
L gy b cud g Conl e polas0)93 93 2 )3 Kg) 335 o0

D35 ooy )b pgls lej a8l

bl o] e oligS sl 2 e 89 piules sl
YAVA o 5lam 5 (8=Y) YAVA Jlo b oo st liio dtelu dw i)
33)5 o dlanMe 5150 JS5 53 45 jghailen sl 00 e 5 (DY)
Ggliste o L (Sloj 0)93 93 53 ()l sl wh g Sl cand o2

il e

sbodls ;3 iee Jlo omesd (izmed 5 By i 31 ] 53
Ol 099 1 ine bl sl g — e 93l 3l b b

Wil Gloj olespldegy) (lp (st slagty, gd (Jboj
5 el slaby, s GowsS)) Jl s dgn g o (sladge
2 &S by (Mirhosseini et al., 2013) 31> 3435 (omas 4
dosss (sl (b s 1 stise el o 03litsl ] §) adlllaa oy
Eluogas ) o3litl b by, ol 3 bl selos ol sl
Coleg 2 g 039y Ko 090 Jlis 53 ke oligS (slaoygd (gLl
PRECIS o cclaodls oy olaioliiogs) dbiamms glysctul
Uik 4sdly a5 danl 3 S ol Pl gl sl 45 o
b el aw Mo dxe yo Wlg o ol pglts 090 a5 Slanlie
el Celo aw U agds Vel osdll cso oligS sl )b
POl o y> e obgS (Sl )l jle Cod s 335 o0
adly plan 3 5k S oliee 4 (4885 Ve Jle olsie 4) )L
0y93 IS (sl )5 opl 205 oo duwlire (el dus polas b Mio o)
ool Cawd & e 1 (68 1 S0ln b colag 3 9 005 plosl (gLe]
9 Jb gloj p s ool (39 b (1258 b g ()L pglts s
Cowd & Gilises gla )l pghts 4 alig) )b bas o ps o]
PPRECIS Jso i sodls 1 coys ool wps 5l ] o
Sle 4 g 435 Oygo Sloj oleipliegy winl g 4l 0y90
ol Sl qulio Sloj olide 4 Jae lie) 55k Sesl
pasle ¥ G5l olyg, o Jle plyie 4035 0 has Giegiy
S5 S lzme g 4nald sl Yoi¥e BV el 1VAVA L
Vo slail den bl o wlidy cpl s cwl 039 sioudeo /Y
Sadko OIY iy (5l S olime 2 o] g el sl (ladi
e lo ) (claads o3 ola i)k den (gl Jos opl el Cawnd 4
b opl 5l (608 0e0ke b culeg 5 1005 )1, 1AVA- VAR
@ /Y Pl > Ve ()b pglts 4 ailig) )b s oyl
clodls 3 cups cpl eST 81 as SD A jehailen el Cowd
298 wpo el 5 a4l 50y 3 PRECIS Jao inity
Vooglagi)l onl w005 e bul 48E Ve polis b sla bl
e 4 1l o maSle ke Sy (sl Jlo b > (sl
1y ol o 5 3905 oolizsl ¥l (s> polio sloie 4 il 5
33,5 (o0 Pl Jla3 3)90 polis (slmoygd S (sl Jos ] 2l plovl

O oligS (gl i )b 1ol 8 g Crde i duwline —Y-Y
dhbb‘) 28 )J.)Lo.o LS‘)" wLuo JLo.Dl ‘;& c)ly L)")])" b
u»)l); u"?g“" o)Lo] 51 oeslazwl L coles du).e:o oK

@i e e 4 CEV mjg Bgipanl —gSsalsS
Yl 2595 SO GEV sYlein] &595 .00 5 bl sYles

Cawd & JoS g Coyd g lag e a5l &S ol dingy

IFAA ol oF 8 ylowd o3 3L Jw oyl o] o @olie eolisiog
Volume 15, No. 4, Winter 2020 (IR-WRR)

AVe



Trend Analysis Plot for P (mm)
Linear Trend Model
Yt =0.2100 +0.000039x¢
& Variable
—a— Actual
—m— Fits
8
Accuracy Measures
MAPE 289608
MAD 01720
6 MSD 047
E
E
A~ 4
2
0
1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 2000 a
Year

Trend Analysis Plot for P (mm)
Linear Trend Model
Yt=2.5850+ 0.000940xt

Variable
—8— Actual
—m— Fits

Accuracy Measures
MAPE 411088
MAD 15124
MSD 45959

P (mm)

1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 2000

Year

Fig. 1- Trend in 10-min (a) and 3-hr (b) rainfall recorded in Mehrabad Station
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Fig. 3- The difference in the intensity of short duration rainfalls before and after the jump year for the 2 and
100-year return periods
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Fig. 5- Regression line between recorded rainfall in Mehrabad station and the simulated rainfall by PRECIS
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