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Extended Abstract

Introduction: The unavailability, inadequacy and low quality of Dubai observational data is one of the problems of water
resources management, this factor has made water resources management projects difficult. Collecting information requires
hydrometric stations, which are expensive to build, and take a long time to collect information. This requirement is therefore
recognized by the International Hydrological Association. Prediction in watersheds without statistics has been adopted as a
research agenda for the coming decades. In addition, many watersheds in the world have statistical shortcomings. Due to human
intervention, itis very difficult to predict in these watersheds. To solve this problem, hydrologists use a tool called area analysis.
Due to the complexities related to the emergence of flow continuity, one of the ways to study the variables that cause it, is
using an artificial neural network. Most artificial neural network researchers believe that artificial neural networks perform
well in investigating unknown and complex issues for two main reasons: First, they have a good relationship between input
and output by having pattern recognition capabilities. Second, they are less sensitive to errors between data input and output
than other models.

Materials and methods: This study aims to evaluate the artificial neural networks in the analysis of the flow continuity curve
region using two functions of sigmoid transfer and hyperbolic tangent in the hidden layer and linear transfer function in the
output layer. For this purpose, 33 watersheds in the area of Salt Lake Lake were selected according to the length of the statistical
period and the minimum of human activities. Independent variables were considered. Using factor analysis, six factors of area,
average height, length of main waterway, drainage density, percentage of permeable formations and percentage of rangeland
lands were selected. In order to select suitable hydrometric stations, daily flow statistics of all hydrometric stations of the Salt
Lake watershed were prepared by Iran Water Resources Research Company (Tamab). Then, the duration of daily discharge
statistical period of all hydrometric stations was extracted. Suitable stations were selected according to the appropriate common
statistical length and the absence of a diversion dam and upstream dam. Drought threshold discharge percentages were then
extracted using daily discharge statistics by calculating the probability percentage through the Weibull relation in Excel 2010
software.

Results and Discussion: In this study, which was performed in a number of Salt Lake watersheds for regional analysis of the
flow continuity curve, we compared the estimation of different flow rates of the flow continuity curve using artificial neural
shock with two functions of sigmoid transfer and hypermolic tangent in the hidden layer and the linear function in the output
layer. Using the results of factor analysis, six variables of area, average height, and length of main waterway, drainage density,
percentage of permeable formations and percentage of rangeland lands were selected. In the next step, by changing the type of
transmission function in the hidden layer in the multilayer perceptron artificial neural network to analyze the region of the flow
continuity curve, it was determined that the sigmoid transfer function is more efficient than the hyperbolic tangent transfer
function in most flow continuity flows. Also, the artificial neural network has a high efficiency in estimating the flow continuity
curve, the root index value of the mean square error is between 0.01 to 1.92 cubic meters per second and the Nash-Sutcliffe
efficiency coefficient is between 0.40 and 0.97 in the discharges.

Conclusions: The results showed that in flows 2, 10, 20, 25, 33.3, 50, 75, 90 and 92% of sigmoid function in the hidden layer
with coefficients of explanation 0.88, 0.55, 0.78, 0.60, respectively. , 0.80, 0.63, 0.58, 0.47 and 0.41; The root mean square
error is 0.01, 1.92, 1.68, 1.11, 1.78, 0.98, 0.17, 0.21 and 0.21 cubic meters per second and the coefficient of instability is 0.89,
0.40, 0.97, 0.47, 0.84, 0.78, 0.70, 0.93 and 0.41 and in 15 and 30% discharges of hyperbolic tangent function in the hidden
layer with coefficient of determination of 94.94, respectively. 0. and 0.80, the root mean square error of 0.40 and 1.16 cubic
meters per second and the efficiency coefficients of 0.70 and 0.86 have higher accuracy In general the artificial neural network
has a high efficiency in estimating the flow continuity curve.

Keywords: Classic discharge curve, Factor analysis, Levenberg-Marquardt learning algorithm, multi-layer perceptron, Salt
Lake watershed.
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Figure 1- Location of the study area in Iran
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Table 1- Statistical characteristics of independent variables in the Salt lake watershed

o Sl il Sk Jolo A5l e
Standard Deviation Mean Minimum Maximum Variable
3132.84 1336.466 25 17413.14 (&2 AosheS) Sole
Area (km?)
166.28 155.10 24.82 833.84 <’m9LS)M
Perimeter (km)
14.43 18.15 16 60 (2039 gl ot
Weight average slope (%)
78.33 3108.11 1700 4375 (ks gl J €] 1o
Maximum altitude (m)
5648.99 2542.90 971.15 3397 (Aol gl 51 5] S
Minimum altitude (m)
391.62 2119.62 1133.17 2859 (Ao gl st 215
Average altitude (m)
65.53 51.91 0.21 37 (02) ol anlel o
Main canal slope (%)
2.40 112 0.01 14.22 (70 sk o5 2525 515
Drainage density (sq. Km / km)
6.33 3.74 75 368.08 (Reskslel all sk
Main waterway length (km)
12352 414.14 1705 710 (rocles) ol (T st
Average annual rainfall (mm)
167 7.72 486 11.72 (oclee) il 2l 02,2 s
Mean annual temperature (mm)
32160 1368.15 74113 1881.05 (rorke) Lo ool 5 s
Average annual evaporation potential (mm)
23.96 23.18 0.05 79.72 (i 358 slo il 202
Percent of permeable formations (%)
21 68.05 22 96.39 (st 52l 202
Percentage of rangeland (%)
11.35 8.56 0 53.41 ) ol 5,98 1) 200
Percentage of irrigated agricultural lands (%)
12.28 12.25 0 ¢ () o 2t o2l a0
Percentage of dryland lands (%)
5.77 3.93 0 21.65 () e o2l o2
Percent of garden lands (%)
9.72 5.60 0.2 54.86 () T 52l w00
Percentage of rocky lands (%)
(St (g o yleay Al y polio -V Jguo
Table 2- Hidden root values of correlation matrix
6 5 4 3 2 1 Factor Jal
ol aalyl Jsb ol ws o Oy IRV colee ol
2ydeds oSe; s s,
1.10 1.34 1.72 1.78 3.35 5.72 Lo o yilo (ylods iy
The hidden root of the
correlation matrix
6.12 7.45 9.60 9.93 18.61 31.81 JS w95 do o
Total distribution (%)
83.54 77.42 69.97 60.36 50.43 31.81

5 &5 e 2oy
Cumulative of total
distribution (%)
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Table 3- Rotated factor weight matrix for standardized data

oo dele g dele ke dole aw el
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factor 6 factor5 factor4  factor3  factor2  factor 1 Variable
-0.11 0.14 -0.46 -0.88 *0.94 -0.62 Area- c>luw
-0.10 -0.92 -0.97 -0.31 0.83 -0.32 Perimeter (km) Lo
-0.87 -0.85 0.43 0.23 0.21 0.75 (32,3)55 Loge s
Weight average slope (%)
-0.01 -0.38 0.63 0.20 0.13 0.82 (ol gl S gla)) 51
Maximum altitude (m)
0.30 0.80 -0.05 0.03 011 0.24 (ol g 51 glas) Jolo
Minimum altitude (m)
0.07 0.13 0.21 001 -013  *081 Godles g Sl byt glis |
Average altitude (m)
(20,0 Lol anl )T s
0.04 0.05 -0.09 -0.08 0.93 -0.10 -
Main canal slope (%)
0.39 068  096* 007 0.79 013 (@ kS k) 5 oS5
Drainage density (sq. Km / km)
0.92* -0.21 0.97 -0.05 -0.05 0.00 (_):ﬁjl;)‘sl'o‘ aalnl sk
Main waterway length (km)
0.18 034 019 008  -014 084 (aghee) bl (Sl Lamye
Average annual rainfall (mm)
0.11 025 024 048  -055 065 k) sl ol ez b
Mean annual temperature (mm)
(i) YL iy e Ly
0.14 0.08 -0.24 -0.19 0.22 -0.79  Average annual evaporation potential
(mm)
0.34 072  -0.10 0.08 022 111 (3398 slasijlo oo
Percent of permeable formations (%)
0.04 015 028  -088* 023 0.00 e ey
Percentage of rangeland (%)
() s."‘ SikeS (pol)l as s
-0.06 -0.35 -0.10 0.77 -0.06 0.03 Percentage of irrigated agricultural
lands (%)
0.01 032 -0l 071 018  -0.33 () 2 ot 21 200
Percentage of dryland lands (%)
0.10 009 012 031 030 048 () £l 2] 228
Percent of garden lands (%)
0.08 0.05 0.92 0.05 -0.07 0.25 (1) (S o2l 202

Percentage of rocky lands (%)

e £, s Lele o 4 a5 w5l bl glis )
Oy dwgie el )| Sy sle o o]l g ansS
23 Sl e any 00i0d g Wilgi oo 53,00 1) (59
wrle oy Jale 10 08,5 o bl ably o] bls)|
S5 ooz e (st o2 o oy Jale
25 pidek sbwle woys iy elo (1S
L aS a5 bl Lol anl ] Jeb i Jole

omle Ok adu; oy polie @bl 4 axg b
(V) ooz 4o oty Sbail Jgl Jole ol  SKiwrow
zos |y il yly Ol 51 as o AYIOY aules o
5 bwgie i1 L (oot abal) Jol Jolo aims
318 sl 30 b wgSre alaily 5 bl (S3L
Ol eess b a8 el gl it ol Lolisl S 5258
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Table 4- Results of artificial neural network

CE RMSE R? ol ye Jis! als A gl =
0.99 0.02 0.98  Training ;s ASgeSam

0.94 0.04 0.94 Validation e Sigmoid function

0.89 0.01 0.88 T.e.stdyﬂ 6-12-1 Q>
0.99 0.06 0.93 Training ;e Sdgy e Ik

0.84 0.03 0.81 Validation_sw.c=o  dyperbolic tangent function

0.87 0.02 0.59 Test 5051

0.89 0.79 0.89  Training _i;eel OdgaSan

0.63 1.06 0.84 Validation e Sigmoid function

040 1.92 0.55 T_es_tdy)w “ 6-14-1 o
0.96 0.44 0.96 Training ;e Sy il

0.54 0.80 0.83 Validation_s..c=o  dyperbolic tangent function

0.20 2.28 0.82 Test 551

0.84 093 0.79 Training ;4.1 SdgaSens

0.74 0.12 0.74 Validation e Sigmoid function

0.65 0.37 0.59 T_es_tQMI — 6-0-1 Qus
0.76  0.88 0.82 Training ;e Sy il

0.74 0.12 0.56 Validation_s..c=o  dyperbolic tangent function

0.70 0.40 0.94 Test 5051

096 0.83 0.97 Training ;1 RV

087 1 0.95 Validation .o Sigmoid function

0.97 1.68 0.78 'Ije_stoyjl — 6-13-1 o
099 031 0.99  Training _s;sl Sy il

098 0.32 0.66 Validation_s..c=o  dyperbolic tangent function

0.77 1.05 0.25 Test g0

0.89 0.92 0.90 Training ;g1 RV

0.80 2.65 0.90 Validation o Sigmoid function

047 111 0.60 T_es_toy)w ' 6-7-1 Qzs
0.87 1 0.88 Training ;g Sdgpen il

095 122 0.96 Validation_s..c=o  dyperbolic tangent function

027 131 0.48 Test yge50

092 0.88 0.92 Training ;1 RV

0.78 2.63 0.92 Validation oo Sigmoid function

056 2.33 0.71 Test yg051 6-13-1

091 o081 0.93  Training s;eel Sdgpen il Qz0
0.89 0.86 0.94 Validation_s..c=o  dyperbolic tangent function

0.86 1.16 0.80 Test yge5
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Continuation of theTable 4- Results of artificial neural network
CE RMSE R? J>lhe Jl b A il =
Steps Transfer function Network arrangement _Flow
094 074 092 Training s ;ge]
086 1.09 094  validation xiwcos Sigmoid function
063 178 0.0 Test 0]
084 122 0.78 i o s
. . . Training ;s
0.5 S gy 2150
080 133 087 validation =i.ce  Hyperbolic tangent function
052 203 071 Teste,e;0
0.90 0.22 0.90 Training, & ;ee!
95590 AigeS.
0.70° 120 087 validation xiwcons Sigmoid function
0.78 0.98 0.63 Test g0
6-9-1 50
092 019 093 Training o1 @
S gy SAl50
072 118 082  \validation .wcee  Hyperbolic tangent function
044 158 043 Test 5050
093 021 0093 Training, & :ee!
9 %590 Ao
025 1.03 070  validation scwceocs Sigmoid function
070 017 058 Testyg5]
6-9-1 Qrs
094 019 097 Training 361
121 036 091  validation swwces  Hyperbolic tangent function
018 061 0.70 Test o501
0.99 0.13 0.98 Training &0l
9 bi9e N
097 020 077  validation scwcos Sigmoid function
093 021 047 Test 5051
6-13-1 90
099 002 091 Training 3351 ?
0.73 044 056  \validation .o Hyperbolic tangent function
0.38 1.42 0.47 Testoy,}]
0.99 0.002 0.99 Training el
90592 S
065 078 086  validation svwcows Sigmoid function
0.41 0.21 0.41 Test 00
¥ 6-14-1 Q2
0.95 0.08 0.96 Training ;1
S g2y l50
090 041 095  validation ~wcxe  Hyperbolic tangent function
0.23 0.38 0.32

Test yg03]
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