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Abstract

Prediction of drought is a main challenge even for those
countries with dynamic monthly prediction modeling systems.
In such meteorologically advanced countries, prediction of
monthly precipitation through dynamical methods is the first
step in prediction of drought indices such as SPI and SPEI.
Since southwestern basins of Iran including Great Karoon,
Jarrahi and Zohreh have significant contribution in providing
water for agriculture, drinking, industrial and hydropower
demands, so having a seasonal prediction of precipitation and
drought is of vital importance for management of water
resources in these basins. In this study, the raw output of
CFSv2 seasonal forecast model were calibrated in the base
period and then monthly precipitation forecasts for the next
three months were corrected based on the monthly derived
equations. The corrected monthly precipitation was used for
three months SPI forecasts. Observed precipitation corrected
by APHRODITE dataset and historical forecast were used for
calibration. Results showed that the highest efficiency of
drought forecast with 81.5% were occurred in the case of
normal precipitation condition over the basin. Efficiency of the
drought forecast were respectively 62.3 and 42.3 percent for
the precipitation in in wet or drought conditions. Taking into
account the frequency of observed drought events for normal,
wet, and dry cases which were 76.4, 12.5 and 8 percent,
respectively, the overall skill of SPI index were found to be
73.4 percent.

Keywords: Seasonal Forecast Model, CFSv2, APHRODITE,
Drought Warning, Karoon Basin.

Received: January 16, 2017
Accepted: March 4, 2018

IFAY a0l oF 0 lowd o o Jlo
Volume 14, No. 3, Fall 2018 (IR-WRR)
VY-

||||
bef
)|
il

Vo

«
t
&

Coge jpl Mo 3 JlSis dble S hn
CFSv.2 Jaw 3l oalaiw! b yquis

5 owlis acbls Jd I3al5E A 4L ol
B owgilo 01 pab 9 T slioa )5 g0 T o e il

LRVCCS

il asdy 558 (wlul lagille I (So b & Jlsis ot
sl dlale ot (Seelod silodse ygld > sbaygiS sl
Seola 09y 4 )l el JLSids (o (1 e9 i syl
Sbale B > Jlsis g)lod (Bibpim w5 0d et
el oy 335 o Gurster ot 5 SPEI SPI wsle JLuSis
5 >l «SHp o)l @S Jold )i Cpbosin pl slass
(53318 B)las (sl 508 ol @lie (el )3 (5pSady e 025
o cnl s grcnlil )ls By S5l Mg g Conto 0y
e Cupie gl Gl ol (gl (JLusias g ()l i Slob
ol el Jde pB ()L dlgy bl Giaghy nl ) el o
Eole pololy g 5 b Lomialy 4yl By93 > CFSV.2 lusb
5805 pusual o] olo aw U Jae oyl pB (lay o iyt
olo 4w SPI L;]w duLw Ml}w dl): L)")L (X% L)u)]J)JuAu .)‘.h5)4

dlmab )I u.'x..wlg Aul).‘a o A oolawl u)s S )J)J‘ 4\.45> a.).._vl
Je 542535 b i 9 APHRODITE badpuscas  Slislis

hl o b Gl mls 0 )F edlbiiwl ad dw e (Seelod
By bylys a8 e o Fy & do > MO L JLSid o i
s Slalie SPI Ll & oK Lol il Jboy clls s ases
i Cous Gyl jd amd i 1) Jlsis b Jlo g cunsg
IS o glglyd blod b el ao gy $Y/Y o SYIY i ey SPI Glo
Wg o Jols |y ¥l S 0o )3 A 5 VWO VY ey oS JlusSlis
Wy oo duo > YY/IF &SP  JLSlis iles s i IS Como
APHRODITE CFSV.2 ( Jlad iw i Jio iotlls Olals
098 ade> (Jusiis 2B

AN /Y wllie bl y> Fu,b

ANV e 5 pdy fo )b

1- Assistant Professor, Climate Change Research Group, Climatological
Research Institute, Mashahd, Iran. Email: ibabaeian@yahoo.com

2- Researcher, Climatic Disasters Research Group, Climatological Research
Institute, Mashahd, Iran.

3- Researcher, Applied Climatology Research Group, Climatological Research
Institute, Mashahd, Iran.

4- Researcher, Climate Change Research Group, Climatological Research
Institute, Mashahd, Iran.

5- Researcher, Climatic Disasters Research Group, Climatological Research
Institute, Mashahd, Iran.

*- Corresponding Author

WY

2Oyl gt ¢ ouwlids maldl 0.Sig 5 cualdl s uilg3s 09,5 Hbabuol =)

Ao ool waldl 0aStimg s (ol (9> LML (ohimgy 095 (g olid)lS Y
.ol

sy

Mo ¢l walBl 0185y (63,18 clidionlBl gy 095 ¢ gy polidylS Y
.ol

olr

Ol ehpedie ool Bl 0aSiimg s cuuldl ok (imgdy 09,5 ¢ gy WLl ¥
edgedio ¢ ool wul8l 005l g3y ¢ Bl (552 (LM g3 09,5 < odig}y olid)lS —0
oyl

Jotas odiug s =

ool pdglKal WAV Lo (LL b dllie ol )90 5> (Discussion) o bl 5 ¢y

&



Blalo o i 53 caide adsS (o)L dlale au yiw ;0 dols
ds oeh (JSis glajliin 5 Llodgs av g LB Jlusis
plo Grenly (5 Candy & cuns ST slaole 505 2 iy

et

Ao o hSdngg o3k e Mllo daw 5
‘51)9 ol ustal LSL“’U“L)W )’| ¢u5wcb> L;LmJ.&.o )].)59)3
2 Bdas bgy ol wle3,S oolinel Jlusiis slajasls i i
Loy 'CFSV2  Solud Jdo 65,80 b g Jhods (IS5l
col ol 1pl 'NMME Jles (1S5 pal Jaos i &lol
Steinemann, 2006; Hwang et al., 2009; Yoon et al., )
3o sl 0,8 )3 1) JluSis il bgy b (olaimgss (2012
ot CFSV2 Jus 843 (il s sloosls (555,54 Go,b
s,y (Yuanetal., 2013; Landman et al., 2012) silosges
e JlSias i Cuslalpae ialS Gun b o jiag
OT ool g ol o edlainl o e (Seeliyd Jae cpiis
Ols—iem abox o 1 &5 3550 g (Jasniz (Yl st
gy Lol jimgs o 5l 5, 5 (Moetal, 2015) 5, S »,Lsl
Alod S g 1) isTge Jusis pabls el
(Mo et al.,, 2011; Madadgar and Moradkhani, 2013)
(Jusis (Saliy Guphe » dlob glacspty oyl
S by Seden claghy) I g8 eaie slagiagg
Slodges e 1) JuSis slaasls (Jlalis glaesly

(Maca and Pech, 2016; Labedzki L, 2017)

(GLsiis (ol cae cwlie (2t ls S (5,84 L bl
a8 Sy aoeS oyl 4 03l plol sl )y 5> Guttman (1998)
Cuol B gy b @ daasls plo 4 Caws SPI 23l
ol (Al plo 4 Caws 1) b asl S jo JlSis aglas
Cax o)l Bas 3luliel a3l 5l Bordi et al. (2001) .aa>
olisS" o (sl ywlido ;0 dilale JluSis gaiding (dids pu)
Bronini (2001) .55,8 salatw! Wks! )5 cdedsds 9 Sdeyles o
Ok 5 0205 (o5 Car Uk S bl adls ol s g
SPI &l ;5 Hayes (2009) .ail tde jlows Sl o JluSiis
Sloj slgpbie slp Jlusias Jilos 5 aialy g iy llail

28 (Byme cilizee

Aodko —)

el 35 s ponl3l 55 (S (6 guiS onldl il I o)
<3l 5l B luebsl pas caw ¢y 105 Sllugs g 35k dgaeS
9 ik Jed | cilizee Blas cua s 390 )L Sl
Sl Lol ]33, 1 0gMe 295 00 xSl i
258 JuSis g5 oyl 9 () ysliS (it salled sy
103 8 b o |y (g59laS g antly e b o alie (el
wyogs ppl dses (Farajzade, 2000; Nicolas, 2001)
253 4LBIS Amd 3 0ym g (22 «Sye)S @b S el 598
9 ple b duslis (o a8 cunl 009 JluSis 1 el s yo
P Sl G 0ubdl Aoyl JIyg (e G I )5S
I B g e s at laghel ol gl el
)l )98 (35 po (sl b

buogs okl jg) 03 390> (ly g wog Aljgy i oyl
2 e Seelid laghy) @S54 b oS cwliilen Glojle
5! S ]a;l).») oy céb b 5 lon 8> Yoleo (20 o
Azadi et al, 2008;) s i 0 aws Ml ;S
b «alale ywlas y .(Ashrafi et al., 2011; Azadi et al., 2016
Gy bl gleodly & wjiwd pas Jdody (Jo Sl eSS
ot A0 Ol ((Sealnd sladue Ayl STy lgiea
Mgy oo 9 SNgmig—slel Lbgy 90 bdas loygds
it ey ellops 1 53 0id 1al (Sl sla Jie
ol 3L gy 50 Llodly 3 dngi 50 HauiS (sled 9 b Slale
5 oo bds e ol slaaig pdaw clod ,5b Beou bl |
oy oo bLi)l wandygd 5 cladhie o claag, plo
w8l 2 (W ople plog cogia lugmgidl Wil (cXign )93
gt Sty 1] sl 005 st 5948 (slod 9 1)L <!
) Jlealale (ot (Seels oo glgil sliigp 4 (o pto
5148 2945 g0 o2litsl 95 Blale tar sty sl )bl 3300w
o )3l boy ol 5 558 olitlen lojle Bolil 4y g o alos
929985 > (Salod (b (8 O8I Jl )l lp 28
65503l e ailelis 11 w5y ls 48 Wb o 5L 390 (bl pIS
g3 gabge 90 L IS 0 (Seluy Juo gl g kodls
oo eSU Lol bl oo yloyauiS llasee (Lidgh (slaye e
Caol o joudS o Slles Blale ot o 4y«
Nazemossadat et al., 2003; Babaeian et al., 2016; )
Lo (gl iy o ple (Babaeian and Rezazadeh, 2017

IFAY 50l F o lond o3,k Jlo oyl ol O gobie coliying
Volume 14, No. 3, Fall 2018 (IR-WRR)

WY



30°0'0"N 35°0'0"N 40°0'0"N

25°0'0"N

4 HeSdo bygd . ad,S Jlai 3 (VAAV=Y++Y) Jlo YV 6y Jobo
b 0B o Yo o Y=Y ooV 903l 9 VAAV=Y oo\ oialy 593
(S342835) Y S5 (slosimsin ety (Al (slaosls 5l o2l
OYolee g MAd omwly YAAY=Yee) By 0 Juo 5L
GWole (35,0 b o 15035 (b albale (Bl e
pls Sy s> )3 35250 ol 1o o ln GBI RO

a5 a5 b Jsbo 51 S0 )l et 5 )5 o Jao

Ol Blisee sl Jobo 4 1y adllas 390 859> (gipppunds ¥ JSUS
292 5 855 o (Jlad LISy dw 4y 0je> ol JSS Billae g0
it 85 )8 bl 550 b dn i (2l s § LD oS
Ssbo Jold (65550 iz ALY (gla Joho ol Jlod
&y el VAT B AD sl Jgbo ol gt Lisk 5 VIV B ¥-Y
@ Jsbo o glp &5 b Jlod g jlages daadds obj po> S
a0 it 5 b ibos Sl bl > b plog] S8l b
ass> Jlad > 28ly clodsls jI (Sl bas g b

25 e all (F-Y Jslo)

ookie 0 CFSV.2 Jus (o)l sla i 5 Baims opl 5o

ale gl 3 5588 Catosin sl lhadss Cuanl 4 a3 L
Slsiid g 5, i Slolw s wilisee B)las sly ol
Ol ycnlil el p9ps O glie Copie sl dilaie ol
Mgy 3l Jluslis slazel BB sl s yim dps Bun by yimg}
Gapde ol sl gly lad ohe (Selod sl e

Sl g, =¥
09l ) Jold oppogr sl sloasy adllas )50 dilaie
(olww;on slabinl 5l aisu b pled &S Cunl oy 5 (s oS5
wexlpg 9 4SS ol 5 Jouw)lke @l wliles
@ () JS8) amdiee e 1y gl g o0l cgen (ledsl
¢ ool a8l (St g o] VY 3wl 039450 (pl 55 (IS y5b
b ysaS (lislsn lojle (idg cod (prall 5 (i e
3 sloolKuw] wlale iyl slaodls 51 a8 53 dg39 g &ylje

A 03w o0

E b SSa b slale (5,6 4l sbaosls ( JluSis i lp
Wb (claodls ans 13 b and Oy Cgin iyl Adgs (D sy - /0
oxd Sbad (slaodly gy 93 cglol (sl oSG johaio 4 g
«udgydl (glaodly ;D Cogize Jd 4y b 3,8l wa b Cudg 8l g

47°0'0"E = 48°0'0"E  49°0'0"E 50°0'0"E  51°0'0"E  52°0'0"E
> 1 1 f 1 1 f
)
24 L
8
Kermanshah 4 Kangava
z : z
o Eslamabad Gharb o
&7 'S
) &
z
=~ Khoramabad a
re =z z
Q © o
< o ro
& Q
@ @
=
o z 4 r
e 5 AS |a_?\ad Dezful Stiakitkoiid £
A ??‘ 1 \\_ 4 Masjed Soleiman Broujen _g
el b7 ©
£ z z
S S S
5 S
SIS~ )
T
Tz Z =
0 160 320 640 960" . [flo £702550 100 150 200 g
— — KM ) — Q3| e ——Km 3
4500 S000E 55°00°E 60°00E 47°00E  48°00E  49°00°E  50°00°E  51°00°E  52°00'E

Fig. 1- Geograpgical location and synoptic stations in the Southwestent Basin of Iran
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Fig. 2-Geographical location of grid cells used for postprocessing of CFSv.2 model
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Table 1- Postprocessed precipitation by moving average for KB303 site for training period: 1987-2001
(YAAY=Y+ +3) (55901 8,95 (b KB303 aSiund (12 S i (nNilhe (9 4 )l o9iI0 1 m 1 Jols i =) Jgoe

Training period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
(1987-2001)
Mean obs. (mm) 942 837 1135 509 149 0.6 0.6 0.1 0.1 24.7 71.6 96.8 551.5
Mean raw data 624 515 105.3 946 136 0.4 0 0.1 0.4 17.7 33.6 65.7 4452
(mm)
Mean 777 641 1312 1177 16.9 0.5 0 0.1 0.5 221 41.8 81.8 554.4
postprocessed
(mm)
MBE of raw data  -33.8 -38.5 -7.2 85.9 -90 -276 -963 425 3790 -28.2 -53.1 -32.2 -19.3
(mm)
MBE of -175  -23.4 15.6 1315 134 99 953 775 4964 -10.6 -41.6 -15.5 0.5
postprocessed
(mm)
Categgorial skill 76.7  46.7 60.0 700 800 567 767 867 700 70.0 76.3 56.7 78.9
(%)
BN- ROC score 0.27  0.69 0.42 037 024 069 021 029 044 030 0.29 0.50 0.19
NN ROC score 0.48 0.28 0.50 0.42 - - - - - - 0.51 0.50 0.62
AN ROC score 081 044 0.58 082 076 031 079 071 056 0.70 0.76 0.50 0.80
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Table 2- Postprocessed precipitation by moving average for KB303 site for forecast period: 2002-2007
(Yoo V=Y V) Snibns 893 b KB303 e (gl S yoxie (300ko (pigy &1 (313 pyomy 51 Jols gl - Jgo

Prediction period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Year
(2002-2007)
Mean obs. (mm) 1009 805 785 650 120 0.6 0 0 0.1 16.7 69.6 839 507.7
Mean raw data 73.4 70.6 59.1 65.2 8.8 0.1 0 0.3 1.3 9.2 72.1 36.8 396.9
(mm)
Mean 91.4 88.0 73.6 81.1 10.9 0.1 0 0.4 1.6 115 89.8 458 494.1
postprocessed
(mm)
MBE of raw data -27.3 -12.2 -24.7 0.3 -26.6 -83.4 -100.0 615.4 1775 -44.5 3.6 -56.2 -21.8
(mm)
MBE of -9.5 9.3 -6.2 24.8 -86 -79.3  -100.0 790.8 2235 -30.9 29.0 454 27
postprocessed
(mm)
Categgorial skill 66.7 75.0 833 750 750 583 50.0 41.7 66.7 50.0 91.7 66.7 840
(%)
BN- ROC score 0.39 0 019 028 010 0.70 - 0.67 0.60 0.80 0.06 039 0.10
NN ROC score 040 088 060 050 - - - 0.40 - - 050 0.60 0.71
AN ROC score 0.69 0.63 090 075 090 0.30 - 0.38 0.40 0.20 1.0 056  0.87

Gy andids giww SPI ol s 51 McKee (1997)
vdids g SPI polie 0)S" (8o |y JluSis i Cay yo5
SlSiis i ¢l ol 0ad 03, ¥ Jgas o JuSiis
sl sk 5 Sy yo (gl SPI kel 088 8 gl ] A
Slp 35 dploe 0AB(B}IS e 1L polie bl g adg>
dlie o b clisee Qb 31 Jgio Billas iy 9 Slalie
Sy 45 ysbolon dad e o (3] 3)90 )3 I (iS5 oS WA
o P i g Shalie (5L glaedly I jslaie wd awS
ol epie srodly  Cudg,dl glaSul oud pusnal (glaodl
dLmdoLo.; LY J«ul;u.o JJ.A .)I..\39)4 R u*’)b)-’uw L;ld.g.w:
Sy 90 5l i 8 Geoby g Shelie SPI Jlsis

Slods apd yeS ke o)l (slmodls

Table 3- Description of SPI drought index in 5
standard categories
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Category  Severity SPI Index Description
1 Very dry  Lessthan-1.6  Notincluded -
1.6
2 Dry -16to-1 Not included -
L X = X)

3 Normal -1to+1 - SPI =\ /5
4 Wet +1to+1.5 Not incuded +1

5 Very wet  Greater than -

+1.5
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Table 5- Frequency of observed and predicted SPI index during 2002-2007 for KB303 site
KB303 aSuwi (5153 (Yo e Y=Y+ V) 2,95 13 s 9 (SLud SPI aylod b Jlgl,d gl -0 Jgua

Prediction Total
Category 1 2 3 4 5

1 2 0 3 0 0 5

2 0 2 5 0 0 7

Observation 3 1 3 45 5 2 56
4 0 0 2 1 0 3

5 0 0 0 0 1 1

Total 0 3 5 55 6 3 72

Table 6- Frequency and percentage of observed and predicted SPI categories during 2002-2007 in KB303 site
KB303 aSuwi (5150 (Yoo ¥ =Yoo ¥) (o s 393 33 (o yimet § SUd SPI ayled Wb o yd g Slgly8 il —F Jous

correct flc In+1 cat In+ 2cat In+ 3 cat In + 4 cat
Frequency 51 15 6 0 0
% 70.83 20.83 8.33 0 0
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Fig. 9- Accuracy of SPI prediction after postprocessing for the period of 2001-2007 with error range of *
zero (left), one (center), and two (right) category
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Table 7- Frequency of observed and predicted SPI during validation period of 1987-2006
sl 4 (515 (VAAV=Y 20 £) Jao oius )lie! By53 53 0l (s sl 9 (FUdzd SPI JUuSuid: eyl il -V Jgaz

IS O o
Prediction Total
Category 1 2 3 4 5

1 13 23 65 4 0 105

2 29 64 209 6 4 312

Observation 3 316 412 3098 342 245 4414
4 10 14 221 40 52 337

5 6 10 137 40 39 232
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Table 8- SPI frequency and accuracy (%) during prediction period of 2002-2007
Gy oyl adgs JS (gl (Yo e Y-V oo ¥) Sl B9 43 (oot SPI duled syl S 033 5 (Slgl 8 - A Jgo

IS o pE
correct f/lc In+ 1 cat In+ 2 cat In £ 3 cat In £ 4 cat
Frequency 3254 1329 783 28 6
% 60.26 24.61 145 0.52 0.11
Accumulated (%) 60.26 84.8 99.1 99.62 99.73
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