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Abstract

In recent decades, the ability of meteorological forecasts due
to urban development and climate change has become an
important issue in human societies. Forecasting these variables
in addition to informing different segments of society, plays an
effective role in better decision making and planning in
different areas, such as water resources management.
Nowadays in this field, the use of numerical forecasting
models is one of the most common approaches and many
efforts are being made to develop new models and improve the
results of their forecasts across the world. In this study, the
output of seven forecast models from the North American
Multi Model Ensemble (NMME) project is used to evaluate the
forecast of precipitation in Karkheh Dam basin during the 31
years period (1985-2015). For this purpose, the outputs of
precipitation forecast models for 1-3 month lead times were
downscaled using Multiple Linear Regression (MLR) method.
Then the possibility of improving forecast skill of them has
been evaluated using an ensemble model approach. The
models were assessed using both continuous and probabilistic
methods using Pearson correlation coefficient (p) and
normalized root mean square error (NRMSE) and reliability
diagram respectively. The results indicate that none of the
forecast models performed well in all lead times alone and their
individual use did not show good performance; while the Multi
Model Ensemble (MME) generally shows better performance
than the individual models. The results of this study,
demonstrate the importance of using an ensemble model based
on the outputs of several models for improving the long term
precipitation forecast skill.
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Fig. 1- The geographical location of the case study
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Table 1- Summary of the characteristics of the North American Multi Model Ensemble (NMME) project
(Kirtman et al., 2014)

(Kirtman et al., 2014) Jlowd 5 pof Wil sLa e (g3lo 85951 SS9 5 laWs - Joua

Model name Available period Ense_:mble Lead times Reference
size (months)
CMC1-CanCM3 1981- present 10 0.5-11.5 Merryfeld et al. (2013)
CMC2-CanCM4 1981- present 10 0.5-11.5 Merryfeld et al. (2013)
NCAR-CCSM4 1982- present 10 0.5-11.5 Lawrence et al. (2012)
NCEP-CFSv2 1982- present 24 (28) 0.5-9.5 Saha et al. (2014)
GFDL-CMp2.5 (FLORAO06) 1982- present 12 0.5-11.5 Vecchi et al. (2014)
i i Zhang et al. (2007);
GFDL-CM2.1(aer04) 1982- present 10 0.5-11.5 Delworth et al. 2006
GFDL-CMp2.5 (FLORBO01) 1982- present 12 0.5-11.5 Vecchi et al. (2014)
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Fig. 3- Four seasons (JFM, AMJ, JAS and OND) Correlation coefficient, Nash- Sutcliffe and NRMSE for
NMME precipitation forecast
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Fig. 4- Two season (JFM, AMJ) Reliability diagrams and sharpness for the seven models of NMME
precipitation forecast

Juad 93 13 o (1 ol (g3lod (S0 (1)l (St (Y Leinl o1 )5 g 15505 9 (53205 Uaeb] (Siocio —F JSS
(AMJ  IFM)

YA, ln o) 2 ylowd (o3 3L Jlw oyl il o galio ol
Volume 16, No. 1, Spring 2020 (IR-WRR)

a4



2 eSleSy goas bl osilagdly 5 jio (SVla] g > ity
Snoluebl (goxie g Sload 0aiSTy dabn Jleinl gghw nls
olio Trnd lipabol Cllh g o i (gl 355 atod 93 ! 3
elasdl ;o 5ol s o Jie 4 luebl coblb ol ba Jis 4
S Lyt g 4y 9 ol an3ly s i Gl boj
oS @,8l 5y o laadlas o bl e Jloj sl (oly
I Jes 500 oolen laJre 5)b Juad (sla i
8 Qb ayse s pdiplisebl (gl eolatul b (Y leis] bld
Joad 2 bk Gwois » e JYL Oilhe 35l ool
Jloy gt & s Jloyi jl 5VL g Sl slaaiod 5 (3)ky

(Shukla et al., 2016) cuol >4pi0 Mol

Jad > Jes 0yl olen slaJse s pdslizabl e
Pomb g Jley (Jloy 3l SYL atwd s o 1) (881 Lo )85 o JAS
odlawl b (o i e 2 Sdas 1 L &S dad o s ey
e (Bl yp pizzen )b (Sl 0y (ke ]
Pl g Gip SV plS g o ndioluebl
@ lrabl cull LS jboay g and i (i iz Sloj (gla 38l

el ol bl Juad ()b (i 5o e

SYlinl pl S gtun 3905 5 6 pdolsebl by goxie Grimen
P Sl jebay b dwgin & a3 o ol OND s
4 a2g by Cul oad oaSly Gajie Jlel dilse zolaw
o5 b &5 by plgiee dtws ol 3 pdolsebl e
(0 JS3) 3515 e Jao &y caslio lizabol bl pas I i oxe

0 010203040506070809 1
Forecast probability

Lead 1 Lead 2 Lead 3
1.00 > 1.00
k) & ’ Q
Goso [~ Betew Xormal ’ 5
=
2 0s0 T 080
gom é
a5 " o
L 0.60 B
& =
5 050/ ®
wn £ 040 3
5]
< 2 030 E
J— 5 3
@ 020 | .. =l
B @)
O o010
0.00 - { -] O O
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
80 80 80
-
g 600 g o 2 60
g <
3 40 g 40 g 40
S 20 S 2 S 20
#* F*F o0 F o0

0 010203 040506070809 1
Forecast probability

0 010203 040506070809 1
Forecast probability

Lead 1

Lead 2

Lead 3

Observed relative frequency

OND

0 0.10203 040506070809 1
Forecast probability

: : & (1]
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
80 80 30
g o g 60 Z 6
8 40 S 40 3 40
S 20 5 20 S 2
It “ I
0 3t 0 0

0 0.1 0203 040506070809 1
Forecast probability

0 0.10.20304 0506070809 1
Forecast probability

Fig. 5- Two season (JAS, OND) Reliability diagrams and sharpness for the seven models of NMME
precipitation forecast
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1- General Circulation Models

2- Lead Time

3- European Centre for Medium-Range Weather
Forecasts (ECMWF)

4- United Kingdom (UK)
5- APEC Climate Center (APCC)
6- North American Multi Model Ensemble (NMME)

7- National Centers for Environmental Prediction
(NCEP)
8- National Oceanic and Atmospheric Administration
(NOAA)

9- Geophysical Fluid Dynamics Laboratory (GFDL)
10- International Research Institute for Climate and
Society (IRI)

11- National Center for Atmospheric Research (NCAR)
12- National Aeronautics Space Administration (NASA)
13- Center for Ocean-Land-Atmosphere Studies
(coLAa)

14- Canadian Meteorological Center (CMC)

15- Multi Model Ensemble (MME)

16- Climate Research Unit (CRU)

17- Global Precipitation Climatology Centre (GPCC)
18- Canonical Correlation Analysis (CCA)

19- Multiple Linear Regression (MLR)

20- Artificial Neural Network (ANN)
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