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Fig. 1 Map of the region under study with selected stations
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Table 1. Name and coordinates of used points in sea level pressure and temperature analysis

) o2 3,50 blE L . oo . .
sl 2> J Ll 2> J oalaial > Ll sl
wlAz I (), Lol o osliz sl I (), oLl i e
Eastern ) Names of selected Eastern ) Names of selected
) Northern latitude . . Northern latitude .
longitude point longitude point
50 45 S sl Jld 15 12.5 ngjliﬁ] sbys
North of Caspian sea Adriatic Sea
b b Jles 14-20 Ods el
50 27 North of Persian Gulf 45 Aden Gulf
Ere sl e 45 oo sl K
35 25 North of red sea 60-70 Arabian Sea network
Jled sbs 20-41 JioTaxls
5 54 North sea 60 Aral Lake
Oles Lo 41 BESIe:
65 24 Oman sea 300-339 Azor network
o by e 54 533
50 39 South of Caspian sea 330 Azor
Ere s s 45 Il 4l
40 14 South of red sea 107 Baykal Sea
S S 30 ol Lo
9-130 50-60 Siberia network 35 Black Sea
Sl s o 33 AT 35S e
West of Center of Atlantic
5 41 ) 320
Mediterranean sea Ocean
533 Y sbss S-14 J~J~J§
309 60 Labrador sea 30 Grinland
Ayl oS 14-5 L gl
300-350 54-70 Island network 60-70 5-14 Indian Ocean

s 5 i Slaiie i b LT Bl e (slaesls
iy e, 3l (Kl e Ol il LG s
SO6 Gl 5 osan as aSd (G S ) (o
adde 3l eslizad U b Liobe «Seelus s, 0> AEL e
Bl i il S sk Sl sty 5 S
WP S e fe e sl lls sl e ) Sl
©3de St badde 53 Ldes Salus la iy, Lgd e
s Saass [Y0] WL,S8 o 3 eslital 355 s Ll
e Jsko £l Sl Sl b (e S diiles (2 s
Gl (anb aeaS s &S (gosb Olea el LS55
S 515 630 sl S e i1 il ad sk |
cwﬁ\)ﬁz)yj@@ﬁﬁéwgd&ﬁljgés\kj)
ol Wb 51 eolaad 50 o simn ae SaaSd 5s (s

IVAF Gl -TY 8 )lows — o5 JLw

LY slaos sl s g3l (sl e slao a5 51 g
e ploil s o s 2 5 Ol Y o cilisee b ol 5 5 Olgy
5 (0s5 8 L) Olgs ¥ S 0557 Ligoss Y SO L ole
33l xS lls daban SOk pSSke) s 2 1Y SO
‘Q%qvwwcb.@;)l}w@\sjy&.L@JJJaOlj:&g
L5 5o 1 o s 2 Y Sl b5 S il 56 b
el

F e s i sl
Ll b 6l 0L ot GR s s b
Vyans 35 o a5 S w0 (gl wilin 5 Jouo ulis 55 g
Jelo Bos s pl s s SOL e sl Ry s
e Sl o Sl aes (Salus 5 S B

Ol Gyl waign 9 ple



Sl Sl G ol 0 AT EL e 05 s Iy
oo e (olone il o eslinal Y Lo O i e
il s 2 Y S Ol Y S s Y S
sde ) s Y s f Olgy Y s Y bl S
&b s Sl S50 Ol ¥ b LUl ol O]
RC s S P S TEC R O B
O W PP - S K VRGO PV R AP OF-2SS SO B
Mo Sl o (Sl ) Tlallas Sl o (Sl Mallas Gllae
L gl dls Jge b aS Conil 0o S eslizal L5_<;......_m VNV

el 5 S
MAE =—Z|e’| )
n
2.¢
MSE ==~ (t)

> o = v - )

PO ) RO

Y,

5okl sdaline pslie Co g e 5 O, (S5 Vsl s
Ut jlaie €, coldalive sluas 71 ¢ 1 akads > pite oS oo i
ool X F Oled s edd o i s el sdalie slie oo
ioabi 5o X e Jldie x; o Y pslie pSle yoox slis
St et S Ty 1B 53y it Sl
il sy s X

G slasl

O35 Cows w0 gl LS elal LB isy g3 &S kiles
Oy Shmnt oy S eadlaie B0k e el (sls i
I PRSI S S IPURCIN PR PP
Llesls OLLS )\wa&w&)@bwﬁo Ol e
oslanal oL g e litle js el sote Olse w
O dﬁ;.m O 313 QLA sdae (sla sy s L o3 S
AT gr s 4 Sloy 55 (sladlaie Lo gre 3L 5 oodil (sla ine
oS St e sl els U gV Sl sl 5l S
G Vo5 les o3l 03 5 lapite bl cpl 353 esliza
Wl el Obetl s i Jde (635,55 Olse 4 el 5

1. Mean Absolute Error
2. Mean square Error
3. Root Mean Square Error(RMSE)
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Fig. 7. Identified areas of zonal wind component from Jul to Nov in 5x5 degree networks
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Fig. 8. Identified areas of Meridional wind component from Jul to Nov in 10x10 degree networks
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Fig. 10. Comparison of the observed and predicted
rainfall in the study area by ANN model
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Table 3. Rainfall prediction of the study area by ANN

model.

JL ol S U:UL' ol edaline u:“)b
Year Predicted rainfall Observed rainfall
1998 50.5 452
1999 47.6 61.6
2000 43.1 442
2001 43.6 25.1
2002 48.2 27.7
2003 52.7 51
2004 47.1 57.7
2005 473 63.2
2006 472 54.9
2007 51.7 49.3
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Fig 9. The diagram of mean square errors in the

training and validation periods in different epochs
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Table 2. Minimum and maximum errors in the training

and validation periods

ool

s Best net
St e est networ Training Validation
RS Epochs 1000 2
Minimum of
o esS on square 1000 0.148
: error
. ._Z:L, Mean of final
Sla e U’&JL" 0.000000000267 217/0
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Table 2. Minimum and maximum errors in the training
and validation periods epochs after modifying the

network by historic data

Training  Validation

Sk o e sl
Best network

LSS Epochs 1000 4

Q»iﬂ.twﬂ nS Minimum of
L mean absolute 0.00000603  0.08

o Sl e
error
Sl :Ske Mean squares
] ) 0.00000603 0.22
sl sl of final error
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Table 6. Rainfall prediction of the study area by ANN

model after modifying the network by historic data.

Jl ol e 0L sl odalie 5L
Year Predicted rainfall Observed rainfall

1 50.8 45.2

2 39.7 442

3 49.2 442

4 36.9 46.5

5 38.1 27.7

6 55.6 51

7 494 57.7

8 56.6 63.2

9 52.7 54.9

10 57.6 493
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Fig 11. The diagram of mean square errors in the
training and validation periods in different epochs after

modifying the network by historic data
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Table 4. Performance of ANN model

P Variable name Value
Sls Lt Sl o o Sols Mean square
bt Sl e error 145.9
o ol o u,iu i Root mean
square error 12.1
ot e JKJL.» Mean Absolute
Error 9.89
ot 3llao eS Minimum
Absolute Error 1.04
Uas llae 4t Maximum
Absolute Error 20.45
" o Correlation 024
coefficient :
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Table7. properties of ANN model after modifying the

network by historic data

e ol Variable name Value
b Sl e Sl
7 u*f” ’ Mean square error 48.5
Uat Sl o o S5ke
o Slay o 5:Sike 4y Root mean square
error 6.9
ot 3l &QLA Mean Absolute
T 6.5
Error
ot 3o aS Minimum
Absolute Error 2.16
Uas oo i Maximum 1034
Absolute Error ’
-. . Correlation
ot . 0.66
coefficient
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Abstract
The application of Artificial Neural Networks in the Rainfall Prediction

G. FallahGhalhari'*, F. Shakeri?
Received: 2014.02.19  Accepted:2015.11.21

The aim of this research is the rainfall prediction of Khorasan Razavi province using artificial neural
network. At the first step, the time series of average regional rainfall using Kriging method in the desired
time period was calculated. In the next step, time series of climatic predictors including Sea Level Pressure
(SLP), Sea Surface Temperature (SST), Sea Surface Pressure gradient ([JSLP), the difference between sea
surface temperature and 1000 hpa level, Sea Surface Temperature gradient ([ /SST), Air Temperature At 700
hpa, thickness between 500 and 1000 hpa level, Relative Humidity at 300 hpa, outgoing long wave radiation,
Precipitable water, meridional wind and zonal wind in the different time steps were obtained. Tthe relation
between average regional rainfall and climatic predictors using Pearson’s correlation coefficient were
calculated. After identifying of the appropriate predictors, artificial neural network model was calibrated
from 1970 to 1997. Finally, model was tested in the period between 1998-2007. The model that used in
this research has an input layer, one hidden Layer and an output layer. Results reveal those artificial neural

networks are promising and efficient. Root mean square error for this model was obtained 6.9 millimeters.

Keywords: Rainfall prediction, Root mean square error, Kriging method, artificial neural network,

Pearson’s correlation coeffic
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