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Figure 1- Area under study in this research, Iran’s river basins boundaries are identified
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Table 1- Seasonal Climate Forecast System from NMME project (phase-1) and their characteristics
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Resolution of

Name Center Lead time Ensemble Atmospheric Model Reference
members
(degree)
CFSv2 NCEP 0.5-9.5 24 0.9 (Sahaetal., 2014)
CMC1 Environment 0.5-115 10 25
CMC2 Canada 0.5-115 10 ' (Merryfield et al., 2013)
GFDL-CM2.1 0.5-115 10 2
GFDL-FLOR-A06 GFDL 0.5-115 11 0.5 (Zhang et al., 2007)
GFDL-FLOR-B01 0.5-115 11 0.5
NCAR-CCSM4 NCAR 0.5-115 10 1.25x0.9 (Gentet al., 2010)
NASA-GMAO-062012 NASA 0.5-9.5 11 1.25x1 (Vernieres et al. 2012)
NCAR-CESM1 NCAR 0.5-115 10 1.25%0.9 (Neale et al., 2013)
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Table 2- Pearson correlation between NMME

temperature outputs and CRU in three target seasons
(1982-2010)
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Table 3- Pearson correlation and bias (°C) between
NMME temperature outputs and CRU for three
target seasons in Karkheh river basin (1982-2010)
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Figure 2- Temperature correlation between a number of NMME seasonal forecasting systems and CRU for OND,
DJF and FMA target seasons at 0-month lead time over Iran (1982-2010)

OND o huad 4w 5l CRU 0515 acgozxe Jolio jo Jlois (155 w0l (g0lon (b Juo 31 (golani slod (Smmmod — ¥ S5
29 ol ol al o S 53 (43599 39 dsl (555 5ET) FMA 5 (ol 595 radsl (655 3LE0) DIF (55T 595 ol 5,5 5D)
(VoY 1AY) Som i 3L 0590



vE o shad slos Sl p b

Models OND OND OND
(October Initialization)
“n ‘ o o N

© § ».v.» -
8 . S
<

4

@]

1

L

_

[a)

LL

O]

©

o

<

4

(®]

1

o

_

[a)

LL

O]

o

o

<

14

@]

|

L

|

[a)

LL

O]

()

(=)

<

4

@]

1

L

_

[a)

LL

O]

o

o

<

14

o]

|

L

_|

[a)

LL

O

e £ Rind] 47 -G Ead] -1°G 0°G 19 2 3 4 B &G 7

Figure 3- Mean bias (degree Celsius) for a number of NMME seasonal forecasting systems calculated based on
CRU for OND, DJF and FMA target seasons at 0-month lead time over Iran (1982-2010)
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Figure 4- ROC area (below normal and above normal) for a number of NMME individual forecasting systems at 0-
month lead time for OND, DJF and FMA target seasons over Iran (1982-2010)

Jad aw (sl QM‘SK{”T obod s oo sloo dluig p 1w (Jloy 31 i 9 Jlo i 9 3) ROC Sy Celwo - F S0
YoV YRAY 0590 10 ol ol 0y o olo yoo Hlail 4oy ;0 FMA g DJF .OND

(Jbwe lgie @) CFSV2 Jow sl Judos ol IREX 30 sl =uws o NMME sk @yl
ol @lr @ UKDl sy e el ool al) (oo ¥ b yiwo) cilizko yUis! gl yloj
) ol 93 b jho i jlanl slagley 0 Saw Jad 1 Jleds 60T solen slaJoe & )lge O JS

Oyt anglie b Wl (Cl) @ o G5 55 olis Gae Jad aw ly Gle sl slaol;



YA e had slos Slaig p (U,

Oz e QLS e Jgad o Lod iy
Ao el Gl o oo O)lee eS8 gble 25T s
Sl il ole g0 9 SO el slagyley 5 ias (olo)
sole ;5 OND  Las sles o S Ol s
Doy A L Ll el e Lo i
Stz (5aS She i3 o Joe Ol el
(o9 255 5G5s8 Sy 0o nnl cleasy

Ao SRelS

dee O)lee Olges F IS0 51 o) o y0 S
Ul glagle; 50 Lod (st o pl 409> 52 4l
oy L j et p» duwlie 0ges cdmlive calize
Lo s oy S 3 CFSV2 Jas &lee e
ol ol dilie ol slaasy> jo fad s
o able golen gac YT olagy Sl Judow
Sl oad 485 LA o sle ole (gl CFSV2 Lad
50 CRSV2 Juwe &jlge a5 a0 o0 ylid O S0 s

Lead-time (0-momth)

Lead-time (1-momth)

Lead-time (2-momth)

OND

DJF

FMA

1 0.4 L& 0.4 0.2

- oz o4 0E 04 1
Figure 5- correlations between CFSv2 temperature forecasts and CRU at 0-month (left), 1-lead times (middle)
and 2-month lead time (right) for OND, DJF and FMA target seasons (1982-2010)
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Abstract

The aim of this research is to evaluate the temperature outputs of climate forecasting systems over Iran. The
analysis is provided based on Atmosphere-Ocean Coupled General Circulation Models from North America
Multi Model Ensemble (NMME). The skill of NMME individual models are evaluated in different
initializations, of lead times (0-month, 1-month and 2-month) for October-December (OND), December-
February (DJF), and February-April (FMA) target seasons. Temperatures at 2m from Climate Research Unit
(CRU) dataset are used as reference observation over 1982-2010. Pearson correlation, Mean Error and Root
Mean Squared Error are calculated as deterministic verification criteria for seasonal forecast verification. In
addition, Relative Operating Characteristic (ROC) score is calculated as a categorical measure for below-normal
and above-normal conditions. The results suggest that correlation between NMME forecasts and CRU is higher
in FMA (compared to DJF and OND). CFSV2 has a significant skill in the south of Iran in FMA (correlation >
0.9, ROC= 0.7). Spatial pattern of NMME biases is similar in three target seasons. GFDL-FLOR-BO01 bias is
lowest among all evaluated NMME models. At longer lead times; skill of some models is dropped for
forecasting temperature in some river basins in Iran. Given large temperature biases found in NMME individual
models, applying Model Output Statistics is recommended. Developing Multi-model Ensemble (MME) can also
help to improve seasonal forecasts in Iran’s river basins for agriculture and water resources management
applications.

Key words: Seasonal Forecasting of Temperature, North American Multi Model Ensemble (NMME), Iran’s
river basins, Atmosphere-Ocean Coupled General Circulation Models, Iran
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