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O ABSTRACT O

The relation between rainfall and runoff forms one of the main hydrological cycle
elements. It is one of the most complex hydrological phenomena because of the great
numbers of parameters used in modeling the physical processes, the expansion of their
parameter space, and the temporary change in watershed specifications. Thus, modeling
the relation between rainfall and runoff is necessary for hydrological and hydraulic
engineering design, integrated management of water resourses, and forecasting flood and
preventing its dangers. This research aims at modeling the relation between rainfall and
runoff in Alkabeer Aljononbee catchment. It depends on the technique of Artificial Neural
Network (ANN). The mathematical model was built by the ntstool and nntool available in
the Matlab program. This model depends on daily rainfall, evaporation, air temperature,
and relative humidity data taken from meteorological stations that are distributed in the
watershed. The daily runoff data have also been used for checking the performance
accuracy of the network, using the Simulink technique. The results of this research
confirm that artificial neural network technology offers good results in modeling the
relation rainfall-runoff, depending on the set of data used. So it could be a better alternative
than traditional approaches.
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Coblal) Al _adaal) Aol 0 X
bl ALl g peall dadll ¢ X

min
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:A8Lial)g gLl

sl Slajlsd -1

Lsie ol oIV ol dad sl Jlad i Glie) s aladiuly Leiall A suanll SN ¢y
DAY sy sl Sl aae s (MSE a0 ilaaplsall o3 6ol (1) Jsandl sekay ((MSE) Uadll aype
alainly @y lialsall (it Glla dmiva Gl 33 G A5 el S ) Al )l depul e
Ll Gl p Aaks A Aaliadl Nntool dssa

sl sy MSE dua (e il cilsajjled #1040 :(1) Jgaadl

Sl sac Wt pye Jass i
Epoches MSE ) Ay lea
51 0.00123 TRAINBFG
1000 0.00838 TRAINGDM
30 0.00142 TRAINCGF
46 0.00165 TRAINCGP
1000 0.00761 TRAINGD
1000 0.0131 TRAINGDM
114 0.00538 TRAINGDA
182 0.0027 TRAINGDX
14 0.000532 TRAINLM
65 0.00153 TRAINOSS
40 0.00306 TRAINRP
32 0.00254 TRAINSCG

IS (b ) Aepuy A3l Zali e @AY Slaplsal) e L-M algorithm duajjla Slad) i
S Iy alaie) e 5ol Gl dgsaanll A old G ) eV 8 sl ek . laal) ala
Laplsa phadiu) e Llhe DB 2als Cua a5 05V e B3 Aesene alady AEY) Clay i e
Bty Ji s ey ) 25k gomd oyl Talh ¢ Juml Apnim Fyume 4805 olaf 1) 258 2 480 Yl s
gmiial) 4 sl AN Llia s 3\Skaal ddlaas ST Jeul 4t Jrad Y1 & diaiiie de e

A Avanal

hgaiall A snmal) AN (ladsal Aul oda 8 padiey g Tilu 83 LS

:(global model) alall z3sailly avsle B (pure cause—and-effect models) z3si0

o Al sy A Gaas e S dplers I3 i Lisuac AGE Fisaill L 8 aasdl

Gl JEa) aaal) day Cua Basly Ads Aidagdanly dse) Sshdy o) 58 gy Jal ge bl alS
zisadl 13 Gl am <G A e ety s 3gad) Gliguasl) el aliiiad) a5 ddalagy 3sl)
Slo cdiaadl dsda 8 o llkFocused Time _Delay Neural network (FTDNN) 2 aladinly
sic Al @llyy ¢ sasly ddase die Aughylly Bhally Al (DA clhadl tie gyl Johell e IS
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Juadl ) Jeagill Cargs diuniall dyiguanl)l 4803l ciljlens 330 AN (gha Cua LoDAAl Ay el

Gy doja 8 daliadl Ntstool 4aSs alaainly a3 cia L (Ladd) pope Javsiad Gad jrual) ol

&by il cuynl Levenberg-Marquardat backpropagation dujylsa aadiud Ally c Dokl

sl Akl Jypat i€ Jadl) sl 8al) Akall Jysad auliS 3 paisnd)

Lniall A guanl) 4S8N O G35 a3 Agmiiall A suasl) A 7 3sat ool (2) Jsaadl el
il sanall i) EOlleay DN e sanall Jal (g0 0.00127 1af Juadl Jaas 18_22_ 1 dgjlanall il

GJ\}.J\ s '%(31.6 ¢ 76.8 « 863)‘)\.43;‘}“} Gaanll ) G

(Global Model) alall dniuall 43iguandl ASLE  3gad :(2) Jgaad)

el e st % R LLi ¥l Jales
MSE 2ac
Sab
JS legene | desene | degens J< icgene | Acgene | Acsene | ciliguanl) edaad)
kol ] ¥ ke e G daall (e2)
*10°-3 | *10"-3 | *10"-3

0.0048 6.5 8.06 4.83 57.42 34.53 62.17 60.64 3 Ml (Al ddass) Jslaa
0.00488 8.14 8.94 5.24 50.55 59.36 50.1 50 4 12 (Chss b dans) Jshaa
0.00447 15.2 4.27 4.65 54.5 15.97 50 68.98 5 r3 (Aads dlasa) Jshaa
0.00453 5.15 5.27 4.77 64.2 36.53 69.99 67.78 6 esfae B A8
0.00446 6.74 5.06 5.84 54.26 47.21 34.9 58.85 7 C°T sy
0.00391 7.95 10.44 4.13 56.5 24.19 61.47 63.48 8 % rh 45k,
0.00386 7.48 11 6.1 50.45 52.6 51.5 50.4 9
0.00383 11.14 5.88 4 59.38 51.76 55.2 65.23 10 1
0.00372 11 6.88 4 60.35 37 31.28 72.72 11
0.00379 8.8 5.6 4.43 60.51 39.8 43.97 67.86 12
0.00377 12.94 6.98 4.22 53.52 30.35 29.11 65.56 13
0.00388 8.2 9.61 5.69 47.22 36.33 54.82 47.49 14
0.00379 9.67 4.6 6.46 54.66 33.86 45 59.91 15
0.00315 12.3 5.57 3.49 63.8 22.13 70.54 74.78 16
0.00375 7.33 7.9 5 56.24 38.27 27 64.22 17
0.00371 7.38 5.87 4.63 62.7 44 34.8 70.74 18
0.00372 13.7 11.18 491 47.49 36.95 35.18 60.76 19
0.00386 16.85 5.33 4.17 52 38.38 33.27 64.19 20
0.00365 3.65 4.95 4.46 68.4 23.97 75.5 69.9 3 Ml (Al ddass) Jslaa
0.00335 6.17 4.8 3.9 68.65 61 60 17 4 r2(Uiss i dlane) Jsha
0.00357 4.28 4.65 4.23 69.35 60.96 63.2 73 5 r3 (ddda dans) Jsbaa
0.00325 5 5.52 3.85 69.67 52.97 39.18 77.15 6 1-2 axfme E Las
0.00298 5 35 3.7 73.15 84 54.67 70.29 7 CoT s
0.00294 4.73 5.77 3.7 71.3 54.14 64.4 75.3 8 % rh sk,
0.00268 3.45 5.66 3.46 73.96 31.73 54.5 80.77 9
0.0024 6 11.3 5.79 48.6 58.3 45.99 49.98 10
0.00211 11.13 5.96 3.84 63.4 61.5 52.6 67.9 11
0.0024 7.66 6.33 2.74 72 70.46 55.59 78 12
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0.0021 6.49 5.18 3 73.25 49.88 72 78.9 13
0.00225 5.29 3.57 3.31 75.71 47.1 78.11 79.77 14
0.0023 10.5 8.7 3.24 63.8 52.26 37.7 75.4 15
0.00192 10.9 8.7 2.67 66.69 47.9 30.24 80.71 16
0.00199 9.76 6.17 2.2 73.62 44 74.1 84.2 17
0.0022 8.7 11.2 2.75 63.8 55.8 39.25 75.8 18
0.00175 8.49 8.9 2.15 74.48 45.63 69.76 84.83 19
0.00194 10.4 5.8 2.57 72.39 42.34 58 84.12 20
0.00344 5.45 4.38 4.5 68.7 45.47 65.9 74.2 3 rl (sl ddass) Jsha
0.00349 43 5.7 4.12 68.47 67.8 67.55 69.16 4 (Uiss Ji Adana) Jslaa
0.00334 6.24 3.36 432 68.16 41.8 53.87 73.6 5 2
0.00222 13.3 42 2.69 70.5 443 574 83.22 6 r3 (Al ddana) Jslaa
0.00239 6.4 6.76 3.31 69.91 38.12 67.33 77.31 7 sl B AE
0.00228 5 6.25 2.68 75.717 36 57.9 83.73 8 CoT s
0.00191 6.3 5.35 2.69 74.9 57.6 579 82 9 % rh sk,
0.00189 8 5.23 2.6 74.3 39.17 56.5 83.99 10
0.00218 5.7 6.3 29 73.2 69.13 40.89 80 11
0.00155 6.24 11 2.69 70.5 52.65 52.5 82 12
0.00184 4.18 7.2 2.55 76.95 68.86 54.7 84.5 13 1-3
0.00173 10.7 5.87 2.18 73.39 53.23 48.38 85.29 14
0.00174 6.9 5.9 2.6 74.4 64.8 42.8 81.9 15
0.00189 8.66 6 2.9 70 61.2 50 77.5 16
0.00131 4.9 5.11 2311 79.11 44.7 66.6 86.6 17
0.00161 9 8.49 2.24 71.2 44.7 54.9 84.2 18
0.00188 5.4 6.5 3.39 71.1 74.9 74.7 70.3 19
0.00173 7 5.8 2.59 76.5 34.28 53 86.33 20
0.00139 8.5 8.38 222 77.6 80.6 39.74 86.9 21
0.00127* 7.4 4.43 2.33 77.8 31.6 76.8 86.3 22
0.00148 6.38 7.4 3.6 75.5 63.4 55 82.7 23
0.00138 10.2 6.86 2.57 72.9 48.16 533 84.9 24
0.00135 6.3 8.4 2.32 74.2 42.8 68.5 83.2 25

zisais (Global Model)

(pure cause—and-effect models) =g (1 Sl iy zigaie

:(Local Model) el Judlud)

zisa Aglesd gl dples @l dpmia Aggeac WS zisadl a4 aadi
A A geian Al NARX s aladiul z3gall 13 @b .(pure cause—and-effect models)
Cappeilly 3aaly dana die dyghylly 3)hally LAl DG Glasal die (ghall Jshell (e JS e DAl
Lguanll A8 z3sai ool (3) Jsaadl ek .cdlandll ey @lal sie aladiuly @l saaly ddaas ic
iad praal) elol Juadl daes 21 24 1 dplesall @l Lniall dgisuanll 4S80 o (35 G lia et
capall EDN e senad) Jals)) Eleleay DN Gle el dal e 0.000162 (addl oyl Jaussi
sl J1e% 93.32:91.16¢95.64 laalls il
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(Local Model) Asall $1354ll5 (Global Model) alall 1354l (s S a5 M) ASpid) 7 dgad g :(3) Jyxd)

<) S % RLLY! Jalee
MSE e )

desane | degene | degene | JS | degese | degene | degene | Coliguasl) S5 DAl

BTN B TR R e | g | oews | oasm | @

1073 | *10%-3 | =103
0.000808 | 3.4 228 | 0.97 | 9113 | 93.13 | 81.5 | 92.9 3
0.000769 | 2.66 1.5 | 093 | 91.94 | 86.74 | 89.27 | 93.93 4
0.000853 | 0.924 | 1.33 | 1.09 | 9313 | 92.8 | 89.3 | 93.96 5
0.000883 1.7 | 471 | 0965 | 89.78 | 87.64 | 852 | 93.6 6
0.000873 | 3.64 | 0.69 | 0.996 | 91.52 | 88.88 | 92.27 | 92.74 7
0.000733 | 4.55 | 9.27 1.6 | 846 | 7536 | 79.4 | 92.79 8 1 (i i) Jsn
0.000474 | 336 | 1.65 | 0.54 | 9294 | 8375 | 89.73 | 96.41 9 (Gim 5 ) e
0.000637 | 0.884 | 0.97 | 0.766 | 94.97 | 92.3 | 92.36 | 9578 | 10 ! o
0.000507 | 3.54 | 259 | 0.69 |91.72 | 82.78 | 89.3 | 95.4 11 3 (fia i) s
0.000428 4 046 | 05 [9377 | 81 | 9675 | 96.9 12 i E s
0.000375 | 3.7 137 | 06 | 928 | 8 | 87.11 | 96.32 | 13 T i
0.00043 | 244 | 156 | 0.6 | 93.6 | 81.89 | 90 96.4 14 % rh ik,
0.000494 | 2.16 | 215 | 074 | 9272 | 85 89 95.6 15 35830 Q Cappuil
0.00047 2 211 | 073 | 9317 | 8576 | 91.69 | 9545 | 16
0.000341 | 4.67 3.5 0.5 | 905 | 79.79 | 85.16 | 96.6 17
0.000363 | 2.86 | 1.65 | 0.57 | 93.41 | 84.43 | 84.27 | 96.85 | 18
0.00038 | 2.84 2 094 | 91.7 | 87.5 | 81.4 | 9464 | 19
0.000368 | 1.84 | 7.2 | 0.68 | 88.42 | 80.23 | 71.16 | 95.64 | 20
0.000664 | 176 | 1.52 | 1.16 | 92.43 | 87.68 | 89.82 | 93.79 3
0.000675 | 7.4 i 0.8 | 90.18 | 88.46 | 91.76 | 94.8 4
0.000362 | 2.63 | 1.44 | 05 | 941 | 854 | 90.8 | 96.9 5
0.000313 | 1.17 | 1.77 | 0926 | 93.2 | 88.7 | 882 | 94.7 6
0.000322 | 524 | 239 | 039 | 91.63 | 84.15 | 80.64 | 97.62 7
0.000444 2 179 | 0.71 | 93.68 | 93.56 | 90.75 | 95.59 8 1 (i i) Jsn
0.000225 1 28 | 0.69 | 934 | 92.8 85 | 95.94 9 (G 5 ) e
0.000338 | 1.98 33 | 041 | 9324 | 9174 | 83 | 9695 | 10 o
0.000301 2.6 1 0.59 | 941 | 77 | 8821 | 97 11 20| s (e ) e
0.000266 | 2.55 | 3.12 | 0.639 | 92.19 | 93.6 | 835 | 9539 | 12 i E s
0.000273 | 3.4 3 0.56 | 91.3 | 83.46 | 89.49 | 95.19 | 13 COT m
0.000319 2 3.75 | 0.44 | 92.68 | 88.57 | 78.69 | 97.3 14 % th i)
0.000147 | 3.88 | 3.54 | 047 | 913 | 84.6 | 77.37 | 96.99 | 15 356/35 Q iyl
0.000383 | 1.47 | 096 | 1.24 | 9232 | 925 | 9443 | 9239 | 16
0.000391 1 1 0.58 | 9552 | 91.13 | 91.15 | 96.82 | 17
0.000202 | 0.83 | 047 | 0.62 | 9616 | 90.95 | 92 97 18
0.000287 1 1.53 | 1.16 | 94.11 | 91.88 | 92.28 | 9475 | 19
0.000274 | 1.4 1.64 | 049 | 95 | 93.53 | 90.43 | 97 20
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0.000497 | 2.14 1 0.616 | 94.4 | o1.11 | 95.52 | 95.26 3
0.000331 | 2.7 | 066 | 061 | 9435 | 827 | 9246 | 96.75 4
0.000304 | 1.77 | 32 [ 037 [ 9374 | 884 | 784 | 9777 | 5
0.000447 | 1.77 | 222 | 1.4 [9027 | 867 | 795 | 938 6
0.000464 | 1.66 2 0.84 | 929 | 89.6 | 92.8 | 942 7
0.000202 | 2.5 | 258 | 054 [ 9289 | 89 | 84.85 | 96.3 8
0.000175 | 1.74 | 317 | 084 | 917 | 863 | 78.28 | 95.45 9
0.000281 | 1.82 | 1.91 [ o061 [ 9394 | 916 | 91.9 | 9558 | 10
0.000302 | 124 | 124 [ 088 | 94 | 947 | 928 | o425 | 11 1 (i) £ans) e
0.000375 | 1.82 | 1.60 | 0.98 | 92.58 | 91.13 | 92.48 | 93.4 12 (Gism 5 i) s
0.000213 3 122 | 085 | 927 | 89.4 | 932 | 9498 | 13 1-3 o
0.000228 | 447 | 117 | 067 |93.23 | 928 | 932 [ 959 14 3 (i L) Jor
0.000256 | 1.58 | 3.67 | 092 |90.92 | 89.4 | 90.77 | 9335 | 15 apfas B A
0.000177 | 1.79 | 275 | o062 | 94 | 912 | 905 | 96.3 16 COT s
0.000230 | 2.66 | 1.81 | 0.68 | 929 | 90.2 | 93.4 | 9448 | 17 % th s,k
0.000275 | 1.38 | 222 | 06 | 94 o1 | 91.7 | 957 18 35835 Q gl
0.000163 | 434 | 0.86 | 045 |93.77 | 89.5 | 92.85 | 96.99 | 19
0.000205 | 1.08 | 1.62 | 1.25 |92.27 | 90.39 | 93.16 | 93.5 | 20
0.000198 | 0.98 | 1.53 1936 | 928 | 9.9 | 946 | 21
0.000342 | 124 | 24 0.7 | 936 | 887 | 9174 [ 9552 | 22
0.000196 | 135 | 231 | 114 | 93 [ 9455 | 91.99 | 935 23

0.000162¢* | 2.26 | 2.46 | 1.46 | 941 | 93.69 | 91.16 | 95.64 | 24
0.000196 | 1.21 | 264 | 1.1 | 94 | 954 | 90 | 953 | 25
0.000144 | 0.83 | 046 | 037 | 96.16 | 954 | 96.75 | 97.77

Al o ddla) e € IS Gualy 350D 10 G gy (el oy sSaall) Cpmdsatll elaf 3 )laay
ot Auhal ad Ul dmiall dgsuae)) AN dplens duadl o il codlaad) ) caypeall

(9) Jsa . 21 24 1

x(t)

y(t)

Hidden

24

Lapal) a8 bl Apial) 4dguant) Al 4 jlare Juabl ¢ £(9) Jei
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Ao jial) Laial) Ldguanl) ASA) o)) a6

Cun dpnl)ll dadall ddee 6 Aty Lolie ) bl e e ol z3sel (sl el (and e
o 33EY) (mals ((R) BLEY) Jalae Ged ClunS g paall Aibany) Cullud) alasinly oY) G S84
SIMULINK &l (50 525V 318 kaal) 35 o by = 81 clandipe JS3 o 250 leds) 8 Eaall bl
I8 e Lniall 4y suanll 2808 aung 4l zisal jualidl Cun (MATLAB by daja b dalidl
lleds) (Say Asil llg Aais b Aagid) ASu8) Glajie s o gsing BLOCK Ly jala illé
Al sgns

S ren zasall Leday Cua Simulink L& alasciuly slSlaal) = 3sas ol a5 4 (10) JSa
caaly aniyey ghayy (Say llayg MUK (cansy llE 8 L) Cippail] oy pniaall A pmall 2S00 23 00

Neural Network1 hux I

REAL & AMNM

Real Runaoff

Latall Abguanl ASual QB oy :(10) Ji

3 \Slaal) 7 dgad il

o o155 S5 A LAY desane aladinly JCad) dpnial) dyisuanl) 408 £l sl S
JCE b e b LS dunid) ail e AN A0 Cula e Ayl g A0l ol (e gEaall I3 el
(12) 88 mmgy LS LGyl 4ginl) ailly Lpniall 400 0 (Y1 Gl 1ol Cua (11)
Ao sanal L) dalee daf Caly Gun i) ally dpniall dpguasd)l A0 A5 n Jaad) &1l
I bl ekl s (2.26* 1073 de ganall (il Uadll ape Jasssia OIS Lag (%93.69) 5yiaall bl
Lol Gyl (ylaall Jobagll (s ABMall dadat b IS Lpnial) 48050 2 35al T
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iy ol g Aaniia) Apags) (3ol o o oY) G o 1(12) 0850
JHERY) Ao ganal Lalal) gl A,ad) A8y phay Ly gunall (sl
taluagilly calaliiiuy)
L granll AS0EY ol 48 Oy Al Cay il A il d bl Cay il Al aladiul av
Azl

AalSa) Gy Lae caniall Cappeaill cililing oniall Aiguanll AN Clajia on hd G5 g v
el Sl e Gmsn b Alial Cappaail) a3l 8 A o3a Aokl
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5o iUy depud) Cun e 5y Apuadia 3356 ey A58l z 35w ol 3 Simulink Ll alasiu) ¢ v/
ol ey 8 4l

AV Slaa gl pmy Say Eandl il e laldel

Slo bl Y D) Hleay dllys Luleal)l Jilad haY dmieall L guaall A0 Hasiul v

Pl s il sl bl Capeail) s 30l Anias nae 4S8 o by agi V)

Ao 8 Akl 2lsally (3lai defiie Jiliee Al At grmall ISLEN Hladin) b sl V)

F Y\

1-Rientjes, T. H. M.¢ De Vos, N. J. Constraints of artificial neural networks for rainfall-
runoff modelling: trade-offs in hydrological state representation and model
evaluation. Hydrology and Earth System Sciences Discussions Belgium, 2005, 365—
415.

2-Abbott, M. B.¢ Bathurst, J. C.¢ Cunge, J. A.¢ O’Connell, P. E.¢ Rasmussen, J. An
introduction to the european hydrological system — Syste'me Hydrologique
Europe’en, “SHE™, 2: Structure of a physically-based, distributed modelling system.
1986, 61-77.

3-Nash, J. E.¢ Sutcliffe, J. V. River flow forecasting through conceptual models. Journal of
Hydrology1970, 282-290.

4-Modarres, R. Multi-criteria validation of artificial neural network rainfall-runoff
modeling. Hydrologu & Earth System Science Iran, 2009, 411-421.

5-Viney, N. ‘Post, D. ¢Yang, A. Willis, M. ¢‘Robinson, K. ¢Bennett, J. ¢Ling, F.¢
Marvanek, S. Rainfall-runoff modelling for Tasmania. CSIRO Australia, 2009, 1-47.

6-Nasri, M. Application of Artificial Neural Networks (ANNSs) in Prediction Models in Risk
Management. World Applied Sciences Journal Iran, Vol. 10, N° .12, 2010, 1493-
1500.

7-Jalal, J. ¢Hassan, S. Monthly Runoff Estimation Using Artificial Neural Network.
Department of Civil Engineering, College of Engineering, Trivandrum, 2010, 1-14.

8-Arslan, C. Rainfall-Runoff Modeling Based on Artificial Neural Networks (ANNS).
European Journal of Scientific Research U. K. Vol. 65, N°. 4, 2011, 490-506.

9-Joshi, J. ¢Patel, V. Rainfall-Runoff Modeling Using Artificial Neural Network. National
Conference on Recent Trends in Engineering & Technology India, 2011, 1-7.

10-Patil, S. ¢Valunjkar, S. Study of Different Rainfall-Runoff Forecasting Algorithms for
Better Water Consumption. International Conference on Computational Techniques
and Artificial Intelligence (ICCTAI) Malaysia, 2012, 327-329.

11-Dozier, A. Influence of spatial variation in precipitation on artificial neural network
rainfall-runoff model. Hydrology Days U. S. A. 2012, 29-42.

12-Dhamge, N. ¢Kadu, M. ¢Atmapoojya, S. Rainfall Runoff Modelling Studies Using
Artificial Neural Network. International J. of Multidispl. Research & Advcs. inEngg.
(IIMRAE) India, Vol. 4, N°. 1, 2012, 27-38.

13-Zijderveld, A. Neural network design strategies and modelling in hydroin formatics,

Delft University of Technology Netherlands, 2003, 146.

257



