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Abstract

The analysis and assessment of climate model outputs for
Atmosphere-Ocean General Circulation have become of great
global interest. If the appropriate skill of the dynamic seasonal
climate forecasts is approved over the long-term (hindcast
period) in Iran, decision makers can be supported by real-time
seasonal forecast systems for monthly and seasonal planning.
In this research, the output of 8 models enrolling in the North
American Multi-Model Ensemble (NMME) including NASA,
National Centers for Environmental Prediction (NCEP),
National Oceanic and Atmospheric Administration (NOAA),
Environment Canada models, and Geophysical Fluid
Dynamics Laboratory (GFDL) models are used for evaluating
seasonal precipitation forecasts over Iran. Analyses are
provided for the first 6 months of the water-year when the
proportion of precipitation is the highest of total annual rainfall
over many parts of the country. The bias and anomaly
correlation of NMME precipitation outputs are calculated for
three seasons (OND, DJF, JFM) in different lead times with
respect to a reference data over the period of 1983-2013. The
results showed that the skill of NMME seasonal precipitation
forecasts is not similar over Iran’s 30 main river basins.
Moreover, the anomaly correlation of NMME individual
models is significant for all seasons in lead 0 over many river
basins and also for 1-month and 2-month lead time for OND.
For the Southwest Iran the raw NMME outputs without any
post-processing exhibited anomaly correlation coefficient of
more than 0.6. The bias between -1 to +1 mm/day was
identified over almost all grid points within the study area. The
results of the research addressed the need to apply post-
processing methods and develop multi-model ensembles to
benefit from high skills in each individual model for
forecasting seasonal amount of precipitation in Iran.
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Model Name Ensemble Lead time Reference
members (month)
gmg;ggzgmz 18 ﬁ et al., 2013) (Merryfield
GFDL-CM2.1(aer04) 10 11
GFDL-CMp2.5 12 11
(FLORAO6) 2007) (Zhang et al.,
GFDL-CMp2.5 12 11
(FLORBO1)
NASA-GMAO 12 9 ., 2012) (Vernieres
NCAR-CCSM4 10 11 (Gent et al., 2010)
NCEP-CFSv2 24 (28) 9 (Saha et al., 2010)

IYAE oylimno 5 oF 8 lowd o s Jlw ¢yl o] O @alio Coligdioes
Volume 13, No. 4, Winter 2018 (IR-WRR)



2] o awds (V) alaly ol p s bwgio .clinlin
1 n
MAE = — Zyk_ok (")
"

e chalie 5 Gugte @55 N 5l ek o5 0Kyl 3 &S
Sl (Staod (598 sl | (ol p )b )l o (Stunsen
A5 53 s 409 e odlitl (o Slles S1ye bawgi &S
ol 3 (sl ol 5 Siko Ysane o) (:S0bie | Blyoal (88
M Ao 0950 (Y) daly ol oad ealal o>l
olei 3 Ik palie (Jsho po 3 amd e Ui ) (sylmiags
Ao (655 (e

Tik=1yx = y)(0, — 0) (v)

Ae = [Elle:l(yk - y)? II§=1(Ok —0)?]1/?

Cou g s -y

(o (51 ol golod gl Jro (39, (6 204 st oy = V=Y
o Joud 4

sbdse jl lasgerme Sligp elel p B)b rbimoiy
(JFM 5 DIF OND) ciliseo Juad ¥ )3 Jlas (650 (c3lon
) S8 ol oV JS8) 3555 (0 5118 (y 3090 S cl
b o gl pol (o iy slodie oot (oo (Stuser
ot Cabl ] L Galisee Jguad 4 0 35905 )b slaosl
ol DIF 3 OND  Jauad jd )by jauiS” bl 5 i, YU
5 b Jlesd o @ly oyl slaojon ) ogatt pdniia
dosd bl ot 0 e S0l (oolon (slaJte @)loe oS
oyl L5 4y gl )l Sglito ll 3 ol o Ul
Pl —g> (iSery silednd ) e il gaite (S
Sl gl siolyl oaud 5 (Siolid it ((golor slacl W)y 0500
sl sloje sl (Jao iz (olon dugi g3l Wl (S50
IS cpdy Gl s daxie sla Jde 1 oolatwl (gl euS
il 908 il oS sozvas 55 1) b se cpl Cusladpie g o
Cashdpae 18,8 (b 13 (gl b odled glacl sl coje
Dy ope (pe) Slols U.B'IS

5 olnl 5l JSiie (lddlaio (69, da Clidss &5 cwl S5 LB

LSL“@JW & cal odd uLw-’ @l > by ¢

sl I ol DIF o)l Egome 1ot 5o
(Ehsanet al., 2017) cuws Jlua )lee )b (lad dwin
ol Gllog Sguyed (duad S 0 bl pl culild 4 &S

290 3 Glomiw oMbl I esdaygly 5k imgh cpl
ol )55, oy ly (egran (as &b il
i) @ye oo assae lsie 4 (PERSIANN-CDR)
ol odldtwl Lwoildl —g> sddcds (IS 50,8 sla Jhe dliigy
890 3l Liomw Fywgyd Sledbl bl y 00ly asgazee (pl .l
Sl T el 55L 059 03l dcgezme dilale yolie b 45
o) bl g s (Ashoori et al., 2015) cusl oads e
S lais 4 oylpl jdS alas 51 o yeuiS 5l (galaad 45 00l dcgazs
Slllhe 3 35 ale ooy ) s Ao g St sadaie
a olpee Jlie plyie dn oS Cunl 4B )13 () 390 Cilise
4w o L3903 0, L5l Katiraie-Boroujerdy et al. (2016), (2017)
Shalio 2Kl a0 oy bpomis 1 (S L odly degezee (]
ool (o) ol YVoo 5l ) Glpl jeaST > 35200
Spadls 5 )l oad @Vlw ()l sy, Jlou
Cuol 02> i lyd cgommo p 3l Joud JlB 5 Slos (g0~
o) s adlles y> (Katiraie-Boroujerdy et al., 2016)
M o8l sla g5y anly (slie —olKtus] (slaodls b o3l de gao
(0 daws )0 0D L ol 5 A dulie d D K S8 L
sioiske 0 ,S1as PERSIANN-CDR alale y3lis ly) 558
Jed g oyt gl yicn o bl awsl gy CRU glaooly L
Sl Pt ol 3 el Vo BO e S (o)<
Mgy objyl lp (Katiraie-Boroujerdy et al., 2017)
oy dcgezme ¢ Jlod el (obea K 0,5 b e

Sloss 4l a3 y3 ) e KSi5 4 PERSIANN-CDR

Sweled ladae (lad b sw b (Lwioe )Y

Rl e s
—g> oddcde S (03,5 (sl Jae (g)lis Lo glad b)) jglate
S L s cpl dligy o imels cpl 5 odlaiwl dyse weildl
Do 52 4 Gl 3 s 3 358 g Al 0 o35 gz
Glodie oolan i alols 3Ske (V b
SCul 0dgy IS do &y riwions guly sl ylixe (lwl (60l
P Sygods o Mg (oolen (sla gw i edliel LI (Y
P sodls o) (Bibpom Jlosl @ ki b el piy Kl
Gub il ol sl Jlgw 93 4 Gl 8,0 3529 b (ol (i
e 93 dlie oyl )3 i Al astie ey 093 SO b))
oo sl 015 o g dulime I e 2l 2lgy bl sl
capd s Bngin €83 oy glp () dkl)) Las 3llae bawgio
9 o Oon BLI g sl (V dal)) ()l o (Stnen

IVAE oyl j oF 0 lomd (o3 janr Jlw ¢yl 3! of Kb Oliydsd
Volume 13, No. 4, Winter 2018 (IR-WRR)

)



00515 9 31 slmogS ey slazel > WL Jloss (618050 (sla Je
Jiad 4y Caws JFM g DIF Jouad (3 0 duslre (] polio
39S blio 81 5 0T (claojgn 1> (ol pdlie .canl yuiy OND
b )3 b Jse I pam 5k olgp sl gy 53 plode V2
09)5) )9S @8 g slaojes 3 g Cute (o)l > HeuS
(GFDL-GEr04 J1a) conl iie ((5ly> —opnj 5 45,5 <5y
» wipd NASA-GMAO  Jao 53k (o)l polie (p pii
5,904 CCSM4 o o)) ol OND g DIF JFM Jgu
2l 508 G Jlod 520l (slooj 5l add (65501 S
Fogsheo VU G g 5 S8 &4 59y 53 yiadee VB VY (G (o)
sl S Dygoty y9dS 06 gz il laoje 1 g 50
oo Blod 5148 aag b ys ool 03> )3 osaddy oo ol
) 60948 gt 4295 3] sloJls )3 laomecnsj g ol wlie
el 3olio plos 5 i JFM g DIF Jguab 15 03505 s 3550
Gy Jlod dlazel j3 Jae cpl ooyl copizmon sl SIS Ll
ol el 5 ot 0 Cor 4 0 Jled g o Jled &
3y90 039450 )3 Bly sl Jsho Sl aoyd @y 5998 3l e 3 ()]

S (503 395 jg) 3 pocshe V5l adlllas

s (5154 ol 53lod S0 5 5 50k A sy V-V

Sl Wl s ylog 4o
Sl L5 slaelo j) dialgs o oS mrenss (Slilas cls 5
oghaie (ks Aled e ST Jgab 13 )l Cundy (ogal
olo G 3l G b il sl loj b ailale b (L (sl iy
b by sl ploj bls)l adl 8,8 )18 2bsyl 5)50 L
SIS e el a4 Ban Jad o gl Jle S 0)lee
Pl — s el pels bl g (ilisee 30l slaojs> 53)
553k ol )5S el slaoje (st bl e e (LS Y
dlgsds Jlod S0l oolor oo Sl (S dlgy 35
545s Gilisea sl glagloj > (NASA-GMAO Juia) diges
35 ol )3 o plyy (o ey el o 1 jlate NS (oo s
Ban fuad ole gl (gl 10 a8 conl (oolon (sl s iy o]
yine ddlo dw bawgio [ggemme Sygods o 5l L ST olo aw b
Olyedr oad Sl Gl dupin 3 i Oredds Ndg dnly
Sloas 48,5 a5 45 goles slacl iun ad (glp V) la) olos
Olgied) Slors 1 Jg Jaisyge an Juad el 5 LS olo G o

B3 3yl ol 59 Ailiwn) ()b )3 i w5l &S Jles
(Dezfuli et al., 2010; Nasr Esfahani et al., 2008; ool oais
oobide 53 oy oyl b e <8 4 )31 Tabari et al., 2014)
oS i ol libie lpl lodws g ad
ol Gl el il con 39 LS (Slis S
04 duwle (g lxia o Suwed 4l (Dunstone et al., 2016)
Jnad 5 a8 w0 lis Y S o ol &) gla Jae STl
2988 IS iyl leje 5l ook sl 1 3k bwgie <DIF
Sl jopl oz 5 bl b BB Hao izl o
56l (oolom (gl Jao & lae asetio joboas carogyl a2l s g2
ool g0 ool 3y50 x> e 03 b duslie 3 DIF Juad o Jlos
2 gl Ol (anass )3 (S e Sl cuslie Gios
sl sojes (Gwite CallE gl a3byd syl ojes M

235 o 2bil Vb )9S 03 oz 3 09) 9 (> —osn)

oAb drgie (lgi o0 (ol Heba Jue S 0lgp (58,5 s o L
cilitie Jpab 5 adlas 3)90 039100 13 g )bxin g (Stuen
Jo glg)bean Swes Jle plsa cwg S
5l cglaie OND Juad > jauiS 506 g adlain ,> CCSM4
Sl Slg e o LYs 5l S () JS8) el IFM 4 DIF
2 lise Lt b oS )5 Sllug 5l 0l slooj (Seolid
L) oolde Sonohdy ndiinobn 9 oo Jad o
e 0ol s S yo sl cladhaie olido p3 )38 5T (_wgilis]
Olie s Cams e o 0] 0jo> S (el glisie (slaJro 5,Slas
ol b (Siuer A JSS )3 0ld &) b Gllae JUte
g 5 CFSV2 3 CCSM4 (cla Jus g,y als ag> ;5 DIF
03> dcgosme 593 3| yiomiw I odddygly iyl (Stueds Lol ol
ed (sl GFDL-FLORB Jus 315 ,; L PERSIANN-CDR
Cuadl dlinwe oyl ol jao ply L5 jsShe Juad o 5 el
paSube 4o pn SSE 4 1) 3)ite s Jde b Mgy (o)
Migp S5 Oygoty Jro bz ©lod dawgi Cuenl g

&S o ST 3000 (sl e

sloojp ) o 1 ol (gl S Sl lobs gy o)) ¥ S
Sygods )l ol el oad o3l i ol S Y s ol
OND b ¥ bk ggemme gly Y-IT=VAAY 0)93 5 Lauwste
bowgia 5,5 5 3 b o35 dwlxe o)l ol JFM 4 DIF
loodls 5 ol S g jhe sl flos jd e ya (oolen (sl
alna sy Slanlie slaosls clsic 4 PERSIANN-CDR
gy ol 4 395 e blitel & S5 Lolel el 013

IVAE oyl j oF 0 lomd (o3 janr Jlw ¢yl 3! of Kb Oliydsd
Volume 13, No. 4, Winter 2018 (IR-WRR)

Yy



Model OND DJF JFM
October Initialization December Initialization January Initialization

NCEP-CFSv2

COLA-CCSM4

¢
£
H

NASA-GMAO-062012

(aer04) GFDL-CM2p1

GFDL-CM2p5
(FLORB)

1 0.8 & 0.4 0.2 0 oz 04 0g ] 1

Fig. 1- Precipitation anomaly correlations from NMM'E'modeIs against PERSIANN-CDR for OND, DJF and
JFM calculated over Iran (1983-2013)
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Fig. 2- Mean bias (mm/day) for a number of NMME individual models against PERSIANN-CDR for 3

seasons calculated over Iran (1983-2013)
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Fig. 3- Anomaly correlations of NASA-GMAO ensemble forecast system in different lead times (in month)
for OND, DJF and JFM seasonal precipitation (1983-2013)
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1- Atmosphere-Ocean Coupled General Circulation
Models

2- Navier-Stokes Equation

3- Forecast Lead Time

4- Uncertainty Sources

5- United Kingdom (UK)

6- APEC Climate Center (APCC)

7- Enemble Member

8- Hindcast/Reforecast/Retrospective Forecast

9- National Aeronautics Space Administration (NASA)
10- National Oceanic and Atmospheric Administration
(NOAA)

11- National Centers for Environmental Prediction
(NCEP)

12- Environment Canada

13- Geophysical Fluid Dynamics Laboratory (GFDL)
14- Multi-Model Ensemble (MME)

15- North American Multi Model Ensemble (NMME)
16- Downscaling

17- K-Nearest Neighbor (KNN)

18- Initializations

19- International Research Institute for Climate and
Society (IRI)
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