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the Monte Carlo Simulation

Sh. Karimi’, B. Jabbarian Amiri?* and A. Malekian3

Abstract

Modeling of the relationship between physical characteristics
of a catchment and water quality parameters plays a significant
role in integrated watershed management. There is always an
inevitable level of uncertainty in the process of such modeling
caused by errors in the input data, parameters, and the structure
of the model. Therefore, quantifying the uncertainty in the
output of the model is essential in order to reach certain
forecasts in modeling. In this research, water quality data, land
use/land cover, land suitability map and geological map of
catchments discharging to hydrometric stations located in the
western part of the Caspian Sea were used. The modeling was
done using Multiple Linear Regression Stepwise Method,
while the model uncertainty analysis was examined using
Monte Carlo simulation. Based on the results of the correlation
and regression analyses, it could be concluded that all these
parameters have a strong positive correlation with a variety of
human activities such as agriculture and urban development.
This indicated that an increase in agricultural land or a decline
in forest areas will ultimately lead to a decline in water quality.
The results of the Monte Carlo simulation showed that
although some models had high R-squared values, the
possibility of negative outputs (Pr<0) generated by the model
was also approximately high (merely positive values make
sense regarding the water quality variables). Moreover, the
visual assessment of the CDF curves implied that models of
Ca2+, Mg2+and EC had higher uncertainty in predictability
compared to Na+.
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Table 1- Physical characteristics of the rivers in the study area
Olllao gadlio sy, S b Slasuwiv - Jos

Basin River Catchment area Elevation Mean River area
No. (km?) (m) slope (%) (km?)
0 Molla Hadi 374 291 34 0.129
1 Baharestan 33.8 829 44 0.094
2 Lavandevil 36.7 679 39 0.216
3 Chelavand 63.6 746 42 0.233
4 Lamir 51 818 42 0.380
5 Chubar 69.7 1036 49 0.205
6 Haviq 125.7 1207 46 0.489
7 Shir-Abad 82.8 1489 41 0.474
8 Lisar 175.6 1806 38 0.626
9 Gorganrud 526 1418 39 2.164
10 Khaleh Sara 47 597 41 0.212
11 Navrood 274 1047 41 0.485
12 Navrood 125 1771 44 0.372
13 Dinachal 206 1271 42 0.816
14 Shafarood 345.5 1242 41 1.412
15 Baham Bar 97 78 7 0.313
16 Chafrood 126 1010 41 0.629
17 Morghak 234.7 1362 48 0.864
18 Masoole Roodkha 379 883 32 1.284
19 Khalkayi 222 1332 49 0.672
20 Palang Var 60 847 51 0.080
21 Siahrood 119 28 1 0.677
22 Shakhroz 250 102 8 2.069
23 Gowharrud 29 128 12 0.030
24 Gasht-e Rudkhan 75 1174 52 0.271
25 Rudkhan Castle 107 838 48 0.446
26 Shalmanrood 391.9 205 20 0.642
27 Siahrood 82.4 223 16 0.356
28 Emamzadeh Ebrahim Shrine 167 758 42 0.286
29 Rudkhan Castle 174 1241 51 0.315
30 Pasikhan 486 115 10 2.194
31 Bargilirood 136 466 32 0.571
32 Disham 123 358 28 0.506
33 Kiarood 43 338 26 0.234
34 Shemrood 131 1002 40 0.546
35 Siah Mazgi 144 1568 48 0.422
36 Shalmanrood 135 1179 44 0.383
37 Kharashk 15.4 748 34 0.418
38 Zilkyrood 231 942 42 0.898
39 Samosh 102 1448 48 0.363
40 Khoshkrud 101 1532 48 0.285
41 Tutkabon 437 1409 33 1.092
42 Chakrood 481 1788 25 1.302
43 Polrood 1574 1944 42 4.040
44 Sefidrood 56200 1303 27 6.472
45 Shahrud 4864 1920 35 17.114
46 Pir bazar 118 3 1 0.193
47 Morghak 72 142 13 0.427
48 Khalkayi 108 120 11 0.576
49 Kal Sar 220 139 13 2208920
50 Qizil Uzan 51454 1373 32 5608736
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Table 2- Descriptive statistics of water quality parameters
ol oS b sl )bl Oluogas -Y Joua

Min. Max. Mean Median SD cv

Na* 0.12 17.46 1.0819 0.3165 2.65134 2.4507

Mg?* 0.43 4.60 1.0791 0.8900 0.71247 0.6602

Ca?* 1.08 5.63 2.3327 2.2741 0.93373 0.4002

EC 171.85 3015.01 464.25 340.74 4517022 0.9729

Table 3- Statistical features of physical attributes of catchments
Joul 059> (N8 GBS R )bl Slwogas - Jgu>

Min. Max. Mean Median SD CV
Agriculture 0.00 84.39 13.26 2.74 20.59 1.55
Good quality rangeland 0.00 51.87 9.80 5.35 12.35 1.26
Moderate quality rangeland 0.00 65.51 6.67 0.00 17.10 2.25
Low quality rangeland 0.00 71.03 3.95 0.00 14.30 3.62
Dense forest 0.00 99.66 54.82 61.46 31.62 0.58
Intermediate-density forest 0.00 48.16 4.58 0.77 9.97 2.18
Sparse forest 0.00 26.62 5.47 2.50 7.07 1.29
Urban land 0.00 20.21 1.39 0.00 3.82 2.76
Water body 0.00 0.36 0.01 0.00 0.05 6.60
Bare land 0.00 3.18 0.07 0.00 0.45 6.68
A hydrologic soil group 0.00 79.37 5.90 0.00 14.75 2.50
B hydrologic soil group 0.00 100.00 46.55 51.03 40.72 0.87
C hydrologic soil group 0.00 100.00 42.78 27.45 40.18 0.94
D hydrologic soil group 0.00 56.41 4.77 0.00 13.05 2.74
Low geological permeability 0.01 100.00 62.96 67.75 31.55 0.50
Average geological permeability 0.00 99.36 31.35 23.09 29.38 0.94
High geological permeability 0.00 90.90 5.70 0.00 15.30 2.69
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Table 4- The results of statistical distribution fitting with the water quality data
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Kolmogorov Smirnov Test

Type Statistic PDF Statistics
Na* Wakeby 0.08066 “:58'085:_%129%;4 g;figi
EC Log-Logistic 0.07854 0=418.94 B=1.2965
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Table 5- The results of statistical distribution fitting with the hydrological soil group data

USSB (glaog,S slaols b bl slagsjo7 (5151 51 hols gl -0 Sy

Kolmogorov Smirnov Test

Sa
Sb

Sc

Sy

Type Statistic PDF Statistics
Normal 0.34449 6=14.751 pn=5.9037
Wakeby 0.16326 o=123.47 B=0.87609 y=0

8=0 £=-19.264
Wakehy 0.14682 0=81.09 B=0.46935 y=0
8=0 &=-12.408
Uniform 0.39453 =-17. 842 b=27.381

Table 6- The results of statistical distribution fitting with the geological permeability group data

Srddeli g0y S (slaodl> L (5ol (s je (8l 5l Jols s -F Josa

Kolmogorov Smirnov Test

Type Statistic PDF Statistics
a=184.52 p=1.7433 y=0
Gi Wakeby 0.0883 5=0 £=-4.3068
Ga Gen.Extreme Value 0.1396 k=0.02713 6=23.295 n=17.262
Gn Logistic 0.33811 06=8.4331 n=5.6952
Table 7- The results of statistical distribution fitting with the land use/cover data
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Kolmogorov Smirnov Test
Type Statistic PDF statistics
Ag Phased Bi-Weibull 0.12245 01=0.36988 B1=1 y1=0
02=0.28049 B,=5/1032 v,=0.00601
Ry Wakeby 0.18853 o=0 B=0 y=11.104
8=0.08939 £=-2.1664
Rm Kumaraswamy 0.10171 01=0.07709 «,=1.3226
a=2.0262E% b=151.91
Ri Uniform 0.43446 a=-20.62 b=29.285
Fd Wakeby 0.08538 a=175.12 B=1.8628 y=4.0957
8=0.046 £=-11.124
Fi Power Function 0.19728 01=0.06487 0,=0.53861
a=1.2412E% h=56.537
Fs Gen.Extreme Value 0.18354 k=0.36919 ©=3.5829 n=1.9153
U Wakeby 0.35106 o=0 B=0 y=0.3825
6=0.75773 £=-0.14054
W Uniform 0.48252 a=-1.1184 b=1.3336
Br Gumbel Max 0.47785 6=0.74203 p=-0.24173
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EC = 1.555 Ag + 0.0001352 R, — 0.000031 Sy,
+1.295
R2=0.59
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Table 8- Results of normality test for transformed water quality variables
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Dependent lambda Kolmogorov-Smirnov Shapiro-Wilk
Variables  coefficient “gpaqistic  df Sig. Statistic df Sig.
Na* -0.505 0.100 49 0.200" 0.974 49 0.349
Mg?* -0.522 0.075 49 0.200" 0.977 49 0.451
Ca2* -0.115 0.107 49 0.200" 0.978 49 0.477
EC -0.762 0.095 49 0.200" 0.979 49 0.537
Table 9- Results of multiple linear regression analysis based on stepwise approach
PE AL 2,509, b 0)bae wiar (b (g5 ) L -4 Jo
Variable Statistics
Dependent Independent Coefficient SE R2 t Significance VIF
Constant 1.295 0.001 1493 0.00
EC Ag 1.55 0.00 0.59 6.36 0.00 1.012
Rm 0.00013 0.00 4.404 0.00 1.033
Sb -0.000031 0.00 -2.484 0.017 1.033
Constant 0.427 0.62 6.9 0.00
. A 0.01 0.002 5.62 0.00 1.11
Ca® Rg 0.07 0.002 0.52 3.327 0.002 1.081
Sc 0.03 0.001 2.804 0.008 1.191
Constant -0.431 0.066 -6.479 0.00
Mg?* Ag 0.013 0.003 0.5 5.215 0.00 1.008
Rm 0.014 0.003 4.539 0.00 1.008
Constant -1.818 0.208 -8.748 0.00
Ag 0.034 0.006 5.979 0.00 1.157
Rm 0.023 0.008 2.873 0.006 1.485
. Sc -0.012 0.003 -3.862 0.00 1.339
Na Gn 0.025 0.007 0.72 3.481 0.001 1.04
Ri -0.02 0.008 -2.53 0.015 1.027
W 6.141 2.472 2.485 0.017 1.374
Rg 0.022 0.01 2.231 0.031 1.308
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Fig. 6- Observed values versus the predicted values
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1- Generalized Likelihood Uncertainty Estimation
2- Digital Elevation Model

3- Stepwise Multiple Linear Regression

4- Monte-Carlo simulation

5- Probability Density Function

6- Cumulative Distribution Function
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Fig. 7- Cumulative density function for the simulated outputs of water quality models
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