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1- Artificial Neural Network
4- Gamma Test

2- Neuro-fuzzy

5- Adaptive Neuro-Fuzzy Inference System (ANFIS)

3- Least Squares — Support Vector Machine (LS-SVM)
6- Forward Selection 7- Fuzzy Logic
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Figure 1. The study area Location

1- Multilayer Perceptron
3- Classification

2- Chi-Squared Automatic Interaction Detector (CHAID)
4- Regression Tree
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Table 1. The statistical properties of the data values for period of 2005-2016 on Rasht station and 2005-2014 for the
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Table 2. Reasults of the gamma test for Rasht and Manjil stations
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Table3. Reasult of Gamma test for the compound selection Rasht station
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Table 4. Reasult of Gamma test for the compound selection Ménjil station

LI b 5yl slas \Y s yalyb @),
oy oty ey N ch,]o)‘):fl»W@%{‘Lwyﬁ‘{us‘ﬁlbdus‘,flbdm \
b sy (Bl Caslus ( SW)b cdawgio
RN R ey Sy -:A;L.,i}s!»wg‘,%b)‘;Slbwq?!a)‘ds\»dm‘)zﬂ»dm v
3l Cs puo o bl
oy oA ey N (Bl celw (Jlis s Cugby S awd Cugby STas (glod v
b sy
R R e Ned v S lo (o Cugboy ¢ JBlis o Cugloy ¢ J8lis (slod (iSlas (slod ¢

3l sy ¢ 8] cels ( S55L

oals slass ol 331 b LelS o,lel jlade 5 s 1 3,luilil
a8 D0l odaliie ylgi 0 ¥ ISS 4 dagi L () 0 ol )
YYO. aks Glbl o Lydr oluliel sles 5 LE o)l
sy Vee dad 0 0 IS 5 Cudy o] gy
5 L e bedly sl o)l b &S siw) o Sk
Olply el g4 Glux Ol ool sl
S ouas uac aSud ui‘:)’yj Sl b ze slaodly slaa
5 Cudy o] (gl iy A 00> dcgase VF e 4 YYA.

35U 3 90 (5Laod!d dasi paad
il dmony ilodse 3 Lol clapille (S
i da 500 o 4wl oaly culS” 5 39550 leMb|
ol (gilwae gl ks (£39)9 SLgSl asgome 1Sl
3S0as iy Sl 25381 b IS psber 4251 D25
a4 il il Ll el dgue (riwly alsye )3 e
boeoy] 2 ogMe Saisu sgu0 1y Jio 3,Skes K15 o l5me
Mme coodly Sl g 0 M g3l laged 5l odlatu!
(o e g Sl JB) lgen Jio o 3bxl sl

slad Olyusd (S5e5s g dljg) wod Gwpin obied


http://dx.doi.org/10.29252/jwmr.10.19.1
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.3.6
https://jwmr.sanru.ac.ir/article-1-711-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-21]

[ DOR: 20.1001.1.22516174.1398.10.19.3.6 ]

[ DOI: 10.29252/jwmr.10.19.1]

Gamma

004
005
-0.05 {f
-0.06 |
-0.064-
007 4™

A Wlig) yoed (e ) (Sohae mas dSud Cusbd pac
.18 036
0.16 H 034
o 0.32
el o o
0.12 1 - - 028
I - 026
oo ff 3
008 Lr* : L oy 32 P
0.05 V’l‘\ﬂ!\.,"b\ﬁ\/%. SENUY oo IO N WSO O 02 ":i
i g St S| ifemd
oes H - T = 016 &
0.02 014
0.00 H 0.12
H 0.1
0.02 i 0.08
004 H H i 0.06
S T |
. e S P iipescoces 10.02
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2,800 3000 3,200 3400 3.600 3800 4000
nique Data Points
Cuo "') oK | ) odle > J.\a dl).g L& ﬂbL&a M U?")‘ -¥ lSw;
Figure 4. M test of the selection Model on Rasht station
Unique Data Points v Gamma and Standard Error
0.04+4-
0.03+4-
003+4-
002+4-
0.074-gdd-
0.071§-05--
0.00
0.00
-0.01
-0.01
-0.02
-0.02
-0.03
-0.03
-0.04
-0.04

200 400 600 800 1,000 1,200 1,400 1,600 1,800

2.000 2,200 2.400 2,600 2,800 3,000 3,200 3,400 3,600

Unique Data Points

‘— Gamma

—— Standard Error I

J"W’ Oliuw] » W J.Lo dl).: L& )J.)LM M u}c)i -0 Jg.m
Figure 5. M test of the selection Model on Manjil station

ol pas i
3O oAb ol JB 5o 3 &S Jhe dlgy (g)lese

ot Sb eyp 85 5 edlatl 350 i
G Jezio oS aad o L (95PPU) 720 cuskad pas
Loy YO p-factor gl cusys asys Yo p-factor
9 +IYY Jixie (gl d-factor  jlade Cpicred AL oo
ol 03)gl O Jodo ;0 zuls 45 del Cawmdey /Y sy (¢l
d-factor ,olie us S5 a5 jebjled adllas oyl 3 ]
S kel candt SoS polie oKt 9 o lp
Al e yo8de Jao Cusbd pae g (b
00 Ohle 4wl o3y ol p-factorlads ols by
Llai8,55 51,8 9SPPU b ) ol (550311 (slaodls 48]
:b)f b)Lﬁ‘ Cuon| Uiy u‘?’u"’ l) OT J,v_\/)
(YY) 02959 sl yiol )l 13 o8 slacyalad pac —)
BB P G )3 (Spae (spas 8w cins =Y
b omas 4 dopd AD Cusbad pae S jio Kb o,e
dgol My ol ol bl Gnba @3 ORI
P o mas &b &S amd e ol g e Yl

Ll (90j] - (S guan (mas a5 Jio gl
o9y Jledel Cunday oo syl gl (bl
Sy 9y9 syell gl S S5 oy LE (0]
A2)5 pasude LB il —(oghan (as &Sud Sl
090 mSgas (mas &S Sl sl a8 4 Sy
Sl ¥ odese 5 cudy ol ¥ Jgie 5 LB
Slp 0 Jote 4 2o bl ond oaygl Jiomie ol
Caol 020> L )y awlio 2,Sos jsS'he Jibo sy 0w
oy [0 o] ) o L Slaye xSk gione
Lol 0d9 -IV¥ u&&"«» —u»l; w).«o 9 NN M
Slape 5655ke joioe Gl Jao Jomie o] sl
b cope g Y (Sten ops MOA les
@SSl — il ol s 4 do g b Canl 03y + /AR oSSl
P @ b 38les (s HSde Jae &5 CS e
Vg # ladsd 4 a9 b Guimen A3l oo o] 93 o
03 (et ool g Jlialie sleodls & caS g7 o
0,80as sdmd i &S wiiwd pp & S35l ol


http://dx.doi.org/10.29252/jwmr.10.19.1
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.3.6
https://jwmr.sanru.ac.ir/article-1-711-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-21]

[ DOR: 20.1001.1.22516174.1398.10.19.3.6 ]

[ DOI: 10.29252/jwmr.10.19.1]

ol ey ol 4 o puin o)
&ly > wibe 5,5 sy oSl 5l ol d-factor
A0 Cuslad pre ot Sb o) e G (lyie
Sb oye dxpm g yudw g0 d-factor wil juin sso)d
Cawddy ol JSled &S 29y daled yiaS” 35 d-factor oS
Gl (V) Gy 5 (5)88 Buis 5l ool
d-factor jaae 5" cé)3 as e e N sy
90 ‘5\);. L& O}o}‘ —(SGuan oual i Jde
0l Aoyl e 4y SH05 (s Coro ds po 43 oKy
pis bl ailigy pos Gnghe ) Jde cplpl g (ie)
Slulre &5 cwsl S5 4 p3Y bl ol Cusld

Sl ol Pl.?ul ;A.llo )1)9|P); 2 wxla.ﬁ pie .‘99:).4

WA Gl g 5l /N oyl [md Jlo jusul ojgn o e dsliing

@ Gl (P 9 s b Caesls b sngie
(A) ol laodls
(V) bl o Jdo (il yaB j> Cars Y

G um daodls (yjbre dadw cale IS jsba
SiP9dd p Ny e g allate (iSgy waldl s (2]
Sl sl HiS 8 cae Yok o dalale o
2 Gl pie 0ad (Boel b wlie Sl (S0 el g p ke
L plan sl 55 lagibie Sojglssin csiloas
&3 ilodre ol glio Cype 1> dnwg I3l
sedld Glin e wpwd O 4 g M bl Couws
PV eF s 4 dsg b g dald dtwly D pie
s 95PPU sl iz o] (gl (oriwcons iy

Jte cuaad pas gl b ol yon LIS 90l = cgtnn uac aSis Jho ol =0 Joi>
Table 5. Reasults of ANN-GT Model with Reasults of Model’s uncertainty

(T Couo

ohige!

4Sed (g lane . Jie oSy
P-Factor/, d-Factor NS RMSE cc NS RMSE cc
F-1¥-) Ya ¥ CIVE 120 LN IvE .y LAy ANNGT by
P ¥ ¥y M VA -y A Vo oan ANNCT e
Measured daa bracketed by the (Bound) 1L,

b e 95PPU=Y %

- X | Predicted)_sll>e

2 . d-factor=-/r /\ ’ ( e

4{ ‘} ' (observed) slaalio

R

3 \J ﬁ

s l

S "] Il

~

e LIE |

,‘
~ h g
‘ N \ ' if I
i w ' .
Vo By oAp Ve L,

o 093 1) Sluslxe 5 (Slalie j1350 b olyen LlS jg0il— gtnn was aSis Jho 2o yd A0 Cuabab pae 5L —F S5
(cudy o))
Figure 6. 95PPU bound of ANN-GT Model with observed and predicted Chart in test period(Rasht station)


http://dx.doi.org/10.29252/jwmr.10.19.1
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.3.6
https://jwmr.sanru.ac.ir/article-1-711-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-21]

[ DOR: 20.1001.1.22516174.1398.10.19.3.6 ]

[ DOI: 10.29252/jwmr.10.19.1]

Wljgy poed (eSS )0 (Solas (puac &b Lo pic

A 4 Measured data bracketed by the (Bound) b
1o ) I, 95PPU=fa%
g | d-factor=-/vy pdf (Predicied), i, s
i‘; LA J‘ ’ — (observed) _lualie
B
‘; A
1]
T
~ B
£
E ¥
Y 4

1))

s 0y93 3 Sluwlxe g Slanlie J13ge3 b olyen LS (g0 couas amas a5 Lo yd A Cusbid pac 8L -V S5

(Jeio ol2s])
Figure 7. 95PPU bound of ANN-GT Model with observed and predicted chart in test period (Manjil station)

L o5l —simn (ras 4SS o Cunlad pis o)
e g by slrolSal 3 alljg) pS Saphe Cue
Jde cushad pac BJUl day dls o > cplply (88 g
0SS 93 1 Jae Cuslad pas gy slp 5 el )65
Jodz s a8 jobo slad 0335 solawwl p-factor 4 d-factor
lde o) 93 & (gl d-factor jlade cowl sads S50
pie oximd L a5 el Counddy (ho 4 S035) oglks
9 S @l b & wilioe (corde Jho ) b Cuslad
(sas &b Cuslad pas (391 (b g (e (V1) OlSen
oanls Ll oy cilles iawle dSlee 5 (Eouas
8L J3h s laesly jI oS slaws &S oy ol p-factor
Siled Cuol dd)S 13 dopy A Cuslad pae oo
J> 4 (A) (ool 5 Ligs8 9 (VY) sgmlie 5 JoSbl b
Al byl 3 Ko slacudd pre ol Lol
ol 3l eael cosday @i o 3903 ol gl SIS s
Jre JoB JB g ol Cushad pas ssimd Ll Bdod
2 Jee gl rbiglicebl 5 s)lul Sy o 03g youde
ol il yeShe sl oSl > alig) s 39l
Nl 3 o8 (93,08 5 Slalllas 3)lse (s 0a] o g0
TiEgas (as aSud Jho il o 3)e S (b
3905 odlatwl eS'le olStus] 93 > (ANN-GT) LS g0l
ol S 20 Y g cdd ili8l b leh o picmen g

iy den |y Jdo opl 5, Sles

ol Jlojpdinze g ples sl &ilig) yes (555 o)l

ol 38> il se (sblgr a8 Jus 5l edlatal L> penay
Gl glpedy Aol ally 1) saomy 9 Seolyd oy
2 Gl 03 Gl liize Jaite &5 Cuslad Jlo cowlio
sokaie cpl gl Jae alyl pols dlie Lol s Liuly ]
4 Cool 03y i g by adllas 3y50 (laolKiu]
L ANN-GT Juso il s 5 Gl & Jo jslate
Sl ooy drwgi o ele zalie 2990 CleMbl I salizl
odiS yglp slaJre 4 SlS S aed dgyg &S bl
ssbireds L opseil | G ol 53 el 5By 5 JSe
ol &li) poid (mobe O S e omS
o)l Jols oSy 25250 slaodly wlwl S
S (o gy chawgie glod Sk glod (9399
oSt (gly g iy o] (slp 2L sy 9 ST el
S i Cogoy (i slod Sl (clod Jivis
SN g Cagby (Jilao (lod (Jolao (i Cugbs,
0278 3k e BT ol (JBio s gl
e Olged BeuS s plo 4 Cons LE o)l e
ol Cawddy b )8 bl Jae 4 (609y9 Sy
Jre a8 3l lis LS g0l cguan mac aSii lp
Ohler 5 (apd 5 (VF) GhlSer 5 (o Baios (gnen
Jite )50 Sl 039 Jlayss B cds 5l (YD)
Wlis pl 0 &S Cwl @i al) ;5 cushd pac deny

&l

1. Abbaspour, K.C., J. Yang, |. Maximov, R. Siber, K. Bogne, J. Mieleitne, J. Zobrist and R. Srinivasan.
2007. Modeling hydrology and water quality in the pre-alpine/alpine Thur watershed using SWAT.

Journal of Hydrology, 333: 413-430.

2. ASCE Task Committee on Application of Artificial Neural Networks in Hydrology. 2000. Artificial
Neural Networks in Hydrology. I: Preliminary Concepts, Journal of Hydrology Engineering, 2: 115-

123.

3. Alizadeh, A., A. Eizad, K. Davar, A.N. Ziaie, S. Akhavan and Z. Hamidi. 2013. Estimation of actual
evapotranspiration at regional-annual scale using SWAT. Iranian Journal of Irrigation and Drainage,

2:243-258 (In Persian).


http://dx.doi.org/10.29252/jwmr.10.19.1
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.3.6
https://jwmr.sanru.ac.ir/article-1-711-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-21]

[ DOR: 20.1001.1.22516174.1398.10.19.3.6 ]

[ DOI: 10.29252/jwmr.10.19.1]

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.
22,

23.

24,

25.

26.

WA Gl g 5l /N oyl [md Jlo jusul ojgn o e dsliing

Coulibaly, P., F. Anctil and B. Bobée. 2000. Daily reservoir inflow forecasting using artificial neural
networks with stopped training approach, Journal of Hydrology, 230: 244-257.

Dawson, C.W., R.J. Abrahart, A.Y. Shamseldin and R.L. Wibly. 2006. Flood estimation at ungauged
sites using artificial neural networks, Journal of Hydrology, 319: 391-409.

Durrant, P.J. 2001. Win_gamma TMA non-linear data analysis and modeling tool with
applications to flood prediction. Ph.D. Thesis, Department of Computer Science, Cardiff University
Wales, UK, 254 pp.

Evans, D. and A.J. Jones. 2002. A proof of the gamma test. Proceedings of Royal Society, Series A,
458:2759-2799.

Farokhnia, A. and S. Morid. 2010. Uncertainty analysis of artificial neural networks and neuro-fuzzy
models in river flow forecasting. Journal of Iran Water Resources Research, 3: 14-27 (In Persian).
Ghobaie Sogh, M.A., A. Mosaedi and A.A. Dehghani. 2010. Solar radiation data and their intelligent
modeling based on gamma test with evaluation of calibrated empirical equations. Journal of Water
and Soil Conservation, 18: 208-185.

Ghorbani, M.A., H. Ahmadzadeh, M. Isazadeh and O. Terzi. 2016. A comparative study of artificial
neural network (MLP, RBF) and support vector machine models for river flow prediction.
Environmental Earth Science, 75: 476-490.

Ghorbani, M.A., R. Khatibi, B. Hosseini and M. Bilgili. 2013. Relative importance of parameters
affecting wind speed prediction using artificial neural networks. Theoritical and Applied Climatology,
114:107-115.

Goyal, M.K., B. Bharti, J. Quilty, J. Adamowski and A. Pandey. 2014. Modeling of daily pan
evaporation in sub-tropical climates using ANN, LS-SVR, Fuzzy Logic, and ANFIS. Expert System
with Application, 41: 5267-5276.

Isazadeh, M., H. Ahmadzadeh and M.A. Ghorbani. 2016. Assessment of kernrl functions performance
in river flow estimation using support vector machine. Journal of Water and Soil Conservation, 23:
69-89 (In Persian).

Jones, A.J. 2004. New tools in non-linear modeling and prediction. Computational Management
Science, 1: 109-149.

Kisi, O., O. Genc, S. Dinc and M. Zounemat-Kermani. 2016. Daily pan evaporation modeling using
chi-squared automatic interaction detector, neural networks. Classification and Regression tree
Computers and Electronics in Agriculture, 122: 112-117.

Malik, A. and A. Kumar. 2015. Pan evaporation simulation based on daily meteorological data using
soft computing techniques and multiple linear regression. Water Resource Management, 29: 1859-
1872.

Moghaddamnia, A., M. Ghafari Gousheh, J. Piri, S. Amin and D. Han. 2009. Evaporation estimation
using artificial neural networks and adaptive neurofuzzy inference system techniques. Advance. Water
Resource Management, 32: 88-97.

Nash, J.E. and L.V. Sutcliffe. 1970. River flow forecasting through conceptual models, Part I, A
discussion of principles, Journal of Hydrology, 10:282-290.

Noori, R., G. Hoshyaripour, K. Ashrafi and B. Nadjar Araabi. 2010. Uncertainty analysis of
developed ANN and ANFIS models in prediction of carbon monoxide daily concentration.
Atmospheric Environment, 44: 476-482.

Nourani, V. and M.S. Fard. 2012. Sensitivity analysis of the artificial neural network outputs in
simulation of the evaporation process at different climatologic regimes. Advance Engineering
Software, 47: 127-146.

Ribot, J.C., A.R. Magalh@es and S. Panagides. 2005. Climate variability, climate change and social
vulnerability in the semi-arid tropics, cambridge university press, 170 pp.

Schuol, J. and K.C. Abbaspour. 2006. Calibration and uncertainty issues of a hydrological model
SWAT applied to West Africa. Advances in Geoscience, 9: 137-143.

Seifi, A., S.M. Mirlifi and H. Riahi. 2012. Introduction and application of least square support vector
machine (LSSSVM) for simulation of reference evapotranspiration and uncertainly analysis of results
(case study: Kerman city). Journal of Irrigation and Water, 13: 67-79 (In Persian).

Shafieai, M., H. Ansari, K. Davari and B. Ghahreman. 2012. Calibration and uncertainty analysis of a
semi-distributed model in a semi-arid area, case study Neyshabur watershed. Journal of Science and
Technology of Agriculture and Natural Resources, Soil and Water Sciences, 64: 137-148 (In Persian).
Sharifi, A., Y. Dinpazhouh, A. Fakheryfard and A. Moghadamni. 2012. Optimum combination of
variables for run off simulation in Amameh watershed using gamma test. Journal of Knowledge of
Soil and Water, 4: 59-72 (In Persian).

Zamanian, M., R. Fatahi, A. Fatahi and F. Hossein Pour. 2011. Input parameters preprocessing in
artificial neural network and adaptive neuro-fuzzy inference system using stepwise regression and
gamma test techniques for estimation of daily evaporation. Journal of Irrigation and Water, 9: 63-78
(In Persian).


http://dx.doi.org/10.29252/jwmr.10.19.1
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.3.6
https://jwmr.sanru.ac.ir/article-1-711-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-21]

[ DOR: 20.1001.1.22516174.1398.10.19.3.6 ]

[ DOI: 10.29252/jwmr.10.19.1]

Journal of Watershed Management Research, Vol. 10, N0.19, Spring and SUMMEr 2019 .........oiiiiininiieeie e ieeaeaes 12

Uncertainty of Artificial Neural Networks for Daily Evaporation Prediction
(Case Study: Rasht and Manjil Stations)

Seyed Mostafa Biazar', Mohammad Ali Ghorbani* and Kaka Shahedi?

1- M.Sc. Student of Water Resources, University of Tabriz (Corresponding author: seyedmostafa.b@gmail.com)
2- Associate Professor of Water Resources, University of Tabriz
3- Associate Professor of Watershed, Sari of Agricultural Sciences and Natural Resources University
Received: October 18, 2016 Accepted: May 3, 2017

Abstract

This research uses the multilayer perceptron (MLP) model to predict daily evaporation at two
synoptic stations located in Rasht and Manjil, Guilan province, in north-west of Iran. Initially
the most important combinations of climatic parameters for both of the stations were identified
using the gamma test; and daily evaporation were modeled based on the obtained optimal
combination. The results of the artificial neural network- Gamma Test (ANN-GT) model are
evaluated using the root mean square errors (RMSE), correlation coefficient and Nash-Sutcliffe
(NS) criteria. The results showed that the ANN-GT model for Rasht station with a correlation
coefficient 0.86, root mean square error 0.95 and Nash-Sutcliffe criteria 0.74 and for Manjil
station with correlation coefficient 0.94, root mean square error1.58 and Nash-Sutcliffe criteria
0.89 has an acceptable performance in predicting daily evaporation. To evaluate the uncertainty,
we considered a percentage of data which were included in 95 percent of uncertainty (p-factor)
and the average width of the 95ppu band (d-factor). Regarding the uncertainty results, the
average with of 95PPU bound were obtained as 0.33 and 0.3 for the Manjil and Rasht stations,
respectively. This shows the low uncertainty level of the ANN-GT model for predicting daily
evaporation at both of the stations. Furthermore, the percentage of the observed data at 95PPU
band was low and equal to %25 and %45 for the Rasht and Manjil stations, respectively. The
reason for these low values can be due to low uncertainty in the parameters.
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