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3-Sea Surface Temperature
4- Sea Level Pressure
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Table 1- The location of stations used
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Station Name Latitude Longitude Altitude
BT Mshhad 32' 36° 27" 59° 999.2
BNy Golmakan 32' 36° 17" 59° 1176
yooling Nyshaboor 32' 36° 48' 58° 1213
ok Ghochan 32' 36° 30' 58° 1287
g Sebzevar 32' 36° 42' 57° 977.6
dyd Co Torbat Heidarieh 32' 36° 13' 59° 1450.5
oS Kashmar 32" 36° 28' 58° 1109.7
Sy Saraks 32' 36° 10' 61° 235
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2-Clustering
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1- Levenberg-Marquardt (LM)
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Table 2-Teleconnection data used in this study
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1- Adriatic South - Surface pressure

2- Northern Red Sea Level Pressure

3- Mediterranean Sea level pressure

4- Aral sea level pressure

5- Labrador Sea surface temperature

6- Amman Sea surface temperatures

7- Caspian Sea temperatures

8- Persian Gulf sea surface temperature

9- North Pacific pattern

10- Sea surface temperature in Nino1,2 the region
11- Sea surface temperature in Nino3 the region
12- North Pacific Oscillation Index

13- Trans-Nino Index

14- Multivariate ENSO Index
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9- Root Mean Square Error
10- Mean Bias Error
11- Jacovides

Slgan o &y GISSS; Cagias gl g | (pusS Cagis ol

36 hie > Cogas @ly (0l il 65 Shm 9 S)lsen
9 &3l Jse (295 9 sg)9 olos sly cplpls sl oo
(oS g 9 3l (536 glil (gly B opl j> sl 00 oolatl
sy S3LB (153 gaen Sl sy sy 31 Pl (ol
o o3lizl 0,59 bagie o 31 3905 (3B (sl 5 Egarne

ol 005

S 90 sladsads

s—as LS jl (8 5 (ANFIS) ()6 55 slaasid
&l 5 5L 95 seaSd b (536 Slaptun 5 (Sgias
39l GBS (65, 4 (lio 2 (536 (sla o aiBly dngs
Sy i 4 S 3l Jo opl il pas 4SS 0 calicee
WS o odlatwl (g5L8 gl pilaw gl ol 0, S dips
an i Ll g Jols (63l Je sl sl wi S
om 4 Jie hjaal sl ' larya JBlas g, olyen b g (2leS
odlal ybj90] (gl a8 olmodld (65 glistn] wimms 45 Conl &y
L 35S (e 2L s 85 (ixe (s S g0 M |y sl 0
o) S 095 calonld [bjgal Lo aS 1y a2 g5 0l 03> (63959
bl slas jlre bl ogie @b gla el )l s b )
(V) 5,5 o0 plooil o

s (13905 paSuie ($3Bg 5 Jio b (gilwdend 13 pl5 oyl
dyg—0 3 (JolS Wl bgi |8 isy j0 o bl o (651 il
A o9 1100,5 &l)l ooldtwl 350 (o318 Zlitinl piuew Clusguas
oS oyl 50 A3l e 0 Mg (51 Bl D905 ity b j9el
a8 Ll A g ) e (il dinre g bisel ol
ol 04 03latw] Slaypo JBlas g o yoss

Jao (s (b)) sla, b

solie dslie g Lo Jao <8 (oLl (gl 3aios cnl 5
o b slaslne Sl (ABlg polhe Ly odd (o (S50
cLaylixe (NRMSE) “Las &lsype :55Lse (R)" Siasan

1- Gauss Membership function
2- Bell Membership function
3- Implication

4- Aggregation

5- Wtaver

6- Back Propagation

7- Least Square

8- Correlation coefficient
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Tale 3-Correlation between rainfall of Mashhad stations and teleconnection indexes
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Table 4- Statistics relatied to Fuzzy Inference Systems

Model . ol el 0 R MBE NRMSE t RT
Precipitation of next month

3 olo ) month 1 085 -0.3 0.41 0.84 0.87

Trainig olo ¥ month 2 0.82 -0.35 0.46 0.88 0.75

oo ¥ month 3 0.81 -0.48 0.46 1.17 056

(V) (oo oo olo month 1 0.79 -0.65 0.48 081 0.76

Verification (1) olo ¥ month 2 079 -14 0.48 166 0.38

olo ¥ month 3 069 -15 0.57 153 0.31

(V) (i o olo month 1 082 -0.71 0.45 0.83 081

Verification(2) olo ¥ month 2 0.81 -0.86 0.47 0.89 0.74

ol ¥ month 3

079 -13 0.55 1.33 047
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Table 5-Statistics relatied to Neuro-fuzzy

oaisl olo yi 5l

Model Juo R MBE NRMSE t RT
Precipitation of next month

S9! olo ) month 1 0.88 -0.25 0.37 0.79 0.99

Trainig olo ¥ month 2 084 -0.31 0.43 0.83 0.85

olo Y month 3 0.84 -0.52 0.43 119 0.59

(V) (o como ol ) month 1 0.8 -0.55 0.43 0.7 091

Verification (1) ok ¥ month 2 0.79 -1.32 0.48 156 04

olo ¥ month 3 0.73 -1.37 0.54 1.47 0.36

(V) (omiw como ol ) month 1 0.82 -0.66 0.44 0.83 081

Verification(2) olo ¥ month 2 0.82 -0.82 0.47 0.86 0.78

N month 3 081 -1.25 0.46 1.37 0.48

(S gman omas dSuwd Jio 4 bas e (lao,lol - Jou
Table 6-Statistics relatied to Artificial Neural Network

Model Juo oxalole ooyl R MBE NRMSE t RT
Precipitation of next month

Shigel olo ) month 1 0.89 -0.37 0.39 1.18 0.67

Trainig olo ¥ month 2 086 -0.61 0.44 1.78 042

olo ¥ month 3 0.85 -0.94 0.46 246 0.29

(V) (i como olo ) month 1 0.79 -1.14 0.51 144 043
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Figure 1- Predicted and actual rainfall in the coming months in Mashhad station
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Table 7-Statistical criteria MBE Related to various SPI classses Mashhad station
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Introduction: Rainfall is affected by changes in the global sea level change, especially changes in sea
surface temperature SST (Sea Surface Temperature) and sea level pressure SLP (Sea level Pressure). Climate
anomalies being related to each other at large distance is called teleconnection. As physical relationships
between rainfall and teleconnection patterns are not defined clearly, we used intelligent models for forecasting
rainfall. The intelligent models used in this study included Fuzzy Inference Systems, neural network and Neuro-
fuzzy. In this study, first the teleconnection indices that could affect rainfall in the study area were identified.
Then intelligent models were trained for rainfall forecasting. Finally, the most capable model for forecasting
rainfall was presented. The study area for this research is the Khorasan Razavi Province. In order to present a
model for rainfall forecasting, rainfall data of seven synoptic stations including Mashhad, Golmakan, Nishapur,
Sabzevar, Kashmar, Torbate and Sharks since 1991 to 2010 were used.

Materials and Methods: Based on previous studies about Teleconnection Patterns in the study area,
effective Teleconnection indexes were identified. After calculating the correlation between the identified
teleconnection indices and rainfall in one, two and three months ahead for all stations, fourteen teleconnection
indices were chosen as inputs for intelligent models. These indices include, SLP Adriatic , SLP northern Red
Sea, SLP Mediterranean Sea, SLP Aral sea, SST (Sea surface temperature) Labrador sea, SST Oman Sea, SST
Caspian Sea, SST Persian Gulf, North Pacific pattern, SST Tropical Pacific in NINOy, and NINO; regions,
North Pacific Oscillation, Trans-Nino Index, Multivariable Enso Index. Inputs of the intelligent models include
fourteen teleconnection indices, latitude and altitude of each station and their outputs are the prediction of
rainfall for one, two and three months ahead. For calibration of the models, eighty percent of the data belonged
to six stations. Mashhad, Golmakan, Sabzevar, Kashmar, Torbate and Sarakhs were used. Verification of the
model was carried out in two parts. The first part of verification was done with twenty percent of the remaining
data which belonged to the mentioned six stations. The second part of verification was done with data from the
Nishapur station. Nishapur geographically is located between other stations and did not participate in the
calibration. So, it provides a ondition for assessing models in location except for the calibration stations. To
assess and compare the accuracy of the models, the following statistical criteria have been used: correlation
coefficient (R), normal root mean square error (NRMSE), mean bias error (MBE), Jacovides criteria (t), and
ratio (R2/t). To evaluate models in different rainfall depths, rainfall data based on standard precipitation index
(SPI) was divided into seven classes, and the accuracy of each class was calculated separately.

Results and Discussion: By comparing the models' ability to predict rainfall according to the R? /t criteria it
can be concluded that the ranking of the models is Neuro-fuzzy model, Fuzzy Inference Systems, and Neural
network, respectively. R? /to criteria for prediction of rainfall one, two, and three month earlier in the Neuro-
fuzzy model are 0.91, 0.4, 0.36, in Fuzzy Inference Systems are 0.76, 0.38, 0.31 and in the neural network model
are 0.43,0.27, 0.2. The statistical criteria of Neuro-fuzzy model (R, MBE, NRMSE, t, R2/ t) for rainfall
forecasting one month earlier are 0.8, -0.55,0.43, 0.7 , 0.91; two months earlier are 0.79, -1.32, 0.48, 1.56, 0.4;
and three months earlier are 0.73,-1.37, 0.54, 1.47, 0.36. Calculation of MBE criteria for Neuro-fuzzy models in
all classes of SPI indicated that this model has a lower estimate in extremely wet and very wet classes. This is
because of lack of data belonging to these classes for model training.

Conclusion: The results of this research showed that teleconnection indices are suitable inputs for intelligent
models for rainfall prediction. Computing the best structure of fuzzy, neural network and Neuro-fuzzy models
showed that Neuro-fuzzy can predict rainfall the most accurately. But, the results of these models in very wet
and extremely wet condition are not reliable .So, these models should be used with more caution in these
conditions.

Keywords: Fuzzy Inference Systems, Neural network, Neuro-fuzzy, Rainfall forecasting, Teleconnection
patterns
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