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Abstract

In this paper, by using variance based methods, the sensitivity
analysis of the two well recognized water quality indices,
namely NSFWQI and IRWQIsc, is presented in a comparative
approach. The research was conducted by employing monthly
sampling in thirteen stations on Pasikhan River during 2015.
Sensitivity analysis for the parametres of the two models on
one hand led to recognizing the most important parameters for
a better measurement and on the other hand helped evaluation
of the correctness of the parametr weights used in the model
developed in Iran. In seasonal analysis, BOD was determined
as the most sensitive parameters for both indices. In spatial
analysis, NSFWQI classified the river water quality as “Good”
and “Bad” in upstream and downstream of Pasikhan River,
respectively. Using Factor prioritization approach, it was
found that DO was the most effective parameter in NSFWQI,
for which applying the approach minimized the uncertainty of
the model output. In IRWQIsc, DO at U/S stations and BOD
at D/S stations were the most influencing parameters on the
model output variance, which emphasized the importance of
the frequency and precision of sampling for these two
parameters against the others. Another important achievement
of the present research was revealing the inconsistency of the
weights used in IRWQIsc, with respect to the sensitivity of the
parameters and their influence on the model output in Pasikhan
River.
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0.11 0.11 0.07 0.1 0.1 0.08 0.16 0.1 0.17

Weight

Table 2- Classes of numerical values of NSFWQI index (Brown et al., 1970)
(Brown et al., 1970) NSFWQA L2 Wi (gdas ludlo (bl (5591 punndi —F Jou

Color Class Numerical value
Red Very bad 0-25
Orange Bad 25-50
Yellow  Medium 50-70
Green Good 70-90
Blue  Very good 90-100
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Table 3- Weights emplyed in IRWQIsc index (Hashemi et al., 2012)
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108
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Table 5- Location of U/S stations on Pasikhan River
OB 4839, CuwdWl salKiuy! ol 2 Olaisw -0 Joss

Name Alisara Mobarakabad Kamsar Khatiban Kouzan Dafsar Pasikhan
No. 1 2 3 4 5 6 7
Longitude 49°17°20” 490247 17 49°27°66  49°27°337  49°28° 13 49°28° 047  49°28° 46"
Latitude 37°02°32”  37°04°16.6  37°08°98” 37°09°10” 37°11°98 37°13°50 37°16° 09"
Mean Sea Level (m) 250 85 35 23 17 8 -13
Table 6- Location of D/S stations on Pasikhan River
OB G839, Cand b (sWolKiuy! (oLl as Ol —F Jouo
Name Rastehkenar Boudian IE”;S\/T(EZ?:# N%ﬁgﬁ:eh Nogval;:ﬁleh Baghlakesh
No. 8 9 10 11 12 13
Longitude 49°27° 19 49° 27’ 21> 49° 26’ 24> 49°27° 15> 49° 28 04> 49° 27 88>
Latitude 37° 17’ 54> 37°19° 71> 37°20° 27 37°20° 98> 37°21° 37 37°22° 00
Mean(it]a)a Level 4 5 8 8 7 9
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Fig. 3- NSFWQI and IRWQIsc values at stations on Pasikhan River in Spring
2 had jd oy B39, e (soIK] )3 IRWQISC 9 NSFWQI &S sla yad L pdlio -Y JSUi

Table 7- Pasikhan River quality class in Spring based on NSFWQI and IRWQIsc indices
IRWQIsc g NSFWQI sl yad L (gdas Jlade (bl ks Juad 15 A3y, Of CudsS WS -V Jous

13 12 11 10 9 8 7 6 5 4 3 2 1 Sta. No.
52 54 56 60 56 58 68 71 71 75 68 81 76 Grade NSFWQI
Medium Medium Medium Medium Medium Medium Medium  Good  Good  Good  Medium Good Good Class

47 51 54 60 67 71 76 7 83 75 91 85 Grade

58
Medium Medium Medium Fairly good Fairly good Fairly good Good Good  Good  Good Good Very good Good Class IRWQlsc
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Fig. 4- NSFWQI and IRWQIsc values for Pasikhan River in Summer
Obmul Juad o aild g, 45 itk soluw! ;3 IRWQIsc g NSFWQI A4S s jasll palie —F JSG
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Table 8- Pasikhan River quality class in Summer based on NSFWQI and IRWQIsc indices
IRWQIsc g NSFWQI sl yad Ll (5345 jladte (wlwl s bl had 15 oy ailBdg, O CudaS (WS —A Joss

13 12 11 10 9 8 7 6 5 4 3 2 1 Sta. No.
47 40 43 50 47 49 54 54 56 68 58 66 68 Grade NSEWQI
Bad Bad Bad Bad Bad Bad Medium Medium Medium Medium Medium Medium Medium Class
32 37 385 41 41 45 53 56 59 69 61 74 70.2 Grade
Fairly Fairly Fairly Fairly Fairly Fairly . Fairly Fairly Fairly Fairly IRWQIsc
bad bad bad bad bad bad Medium good good good good Good Good Class

5 S M Dged asuie W Luu.u) b oo 5l apploe
U9 ] 53 0l edlatwl Ol i g Slawd (50 4> )51 09y Juad
AP u]wﬁwmlfupd)im Jole 35 o gylialy 5 ale

Olinej Juad )3 O (A5 b as L dunlie ~F-¥

o Sag s - Jpin 5 (S lagsls polis £ JS3
ok IRWQIsc g NSFWQI sl o3l (g38e jlade yoluly
4 CandYh cboolSin! e Juad ;o o8 ol L gl e o
05 b p3lie g caolio PH T cudlas YU Joloa 3081
Adg (g5 Hhan 9 Lo CadS b Clis g clawd
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Fig. 5- NSFWQI and IRWQIsc values at stations on Pasikhan River in Summer
sl ad )0 B AilBdg, il sLolKus! 3 IRWQIsc § NSFWQI (&5 sl jad Wi ydlie -0 JSUS

Table 9- Pasikhan River quality class in Automn based on NSFWQI and IRWQIsc indices
IRWQI g NSFWQI (s yad i gdas jladio (wlwly jml Juad ;3 ailddg, Of CodsS WIS - Joua

13 12 11 10 9 8 7 6 5 4 3 2 1 Sta. No.
55 58 60 60.2 62 63 66 52 65.5 69 77 76.5 78 Grade NSFWQI
Medium Medium Medium Medium Medium Medium Medium Medium Medium Medium  Good Good Good Class
43 445 52 53 56 58 67 66 69 75 71 90 88.5 Grade
Fairly Fairly . . Fairly Fairly Fairly Fairly Fairly Very Very IRWQIsc
bad bad Medium Medium good good good good good Good Good Good Good Class
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Fig. 6- NSFWQI and IRWQIsc values at Pasikhan river’s stations in Summer
Ol j Jaad > o dilddg, it solKuw] ;5 IRWQIsc g NSFWQI &S s pasls palio -5 JSG

Table 10- Pasikhan River quality class in Winter based on NSFWQI and IRWQIsc indices
IRWQIsc g NSFWQI sl yad i gdas jlade (wlwlp yluwo uad jd oy rww ailddg, of cuds EF -V Jous

13 12 11 10 9 8 7 6 5 4 3 2 1 Sta. No.
60 63 65 67 66.5 68 71 73 72 75 715 80 80 Grade NSFWQI
Medium Medium Medium  Medium Medium Medium Medium Medium Medium Medium  Good  Good Good Class
55 58 65 68.5 67.5 70 74 77 78 84 76 86.5 84 Grade
Fairly Fairly . . Fairly Fairly Fairly Fairly Fairly Very Very IRWQlIsc
bad bad Medium Medium good good good good good Good Good good good Class
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Table 11- Sensitivity analysis for NSFWQI at stations on Pasikhan River (SRC method)
(SRC _yig,) ilise (sWolKium! jd (e 4ilddg, 43 NSFWQI Juo Cazhdouns § Comwbms 501 gili =YY Jous

No Parameter Sensitivity- Percent of Model output variance Uncertainty
" Station DO T Coliform P N pH TSS BOD TUR MEAN SD
1 Alisara 0.1 0.18 0.14 009 005 004 003 0.29 0.02 75 1.9
2 Mobarakabad 0.45 0.04 0.42 0.02 0.005 0.02 0.02 0.02 0.002 77.3 3.6
3 Kamsar 0.75 0.04 0.04 0.04 001 001 0.01 0.06 0.005 66.2 35
4 Khatiban 04 012 0.09 0.02 0.3 005 0.03 024 0.008 706 2.1
5 Kouzan 0.76 0.06 0.07 0.02 0.01 003 0.01 0.07 64.7Q 3
6 Dafsar 0.77 0.03 0.04 0.02 0.005 0.04 001 006 0.004 649 3.9
7 Pasikhan 0.7 0.05 0.03 0.04 0.006 0.02 0.01 0.1 0.006 62.6 3.4
8 Rastehkenar 0.67 0.06 0.02 0.07 0.008 0.04 0.006 0.08 0.02 61.7 3.4
9 Boudian 0.83 0.04 0.01 0.02 0.01 0.01 0.003 004 0.01 58.3 4
10 Emamzadek Nowkhaleh 0.67 0.06 0.02 0.04 0.02 006 001 0.07 0.02 58.6 3.1
11 Nowkhaleh 0.81 0.04 0.02 0.03 0.01 001 0.03 0.03 0.008 57.5 3.8
12 Nowkhaleh Bazar 0.76 0.04 0.02 0.02 0.01 004 0.04 0.06 0.008 54.8 4
13 Baghlakesh 0.72 0.06 0.02 0.02 0.002 004 004 005 0.02 52.9 3.7

F I ke @l 1y pasuie Gl culgs VW g VY e o)l
Jols ol a5 aolitul Jdo Caslus il ¢ sobol Suss
Jie casbibpss oo .ol ol VY Jgus ,> sObOI i,
Ay, caliee glaolKuws! sl sobol iy, ;5 IRWQIsc
Jeols ol 30T zuls Lol 3yls cillas Fast bg, b oo
B Y ol jl sl o g by 5o 1y sl o i
oK) o Db s 1y Cumlus pytis DO jialyl ¥V oK)
Je (255 by 6502 BOD DO sl jially 535 A o)locs
BOD ¢ 31 ol A 0 jlos oS! 51 Lol 395 polyy o b Loy

Sl L 365 5l e ptelly b 4 s |y ol 030 5V

Gl (gloolSia) gl IRWQlsc Jio conbiipic b
CatS b ¥ oV O leolSin! &8 ol L by 454,
CatsS Y 5 VY o)less (slaolKiu! 3> a4 ol ady o>
Jlo Jgb 3 a8y, Ol cutsS 31 oliu] 93 )3 aiil oo bawgio
s Wi sl cnl B3 o8 390 0 b 5 Lo 90 53 4
2 ogse (Sl g9 g Jlo il Jgab 5 ol (23 ke
55595 Lol IRWQsc o b 01 ol 03l @il sy,
I, b oyt DO gel)l a5 sl -lis Factor Priorization
w0yl oYl oKl 3 Jde (93 byl g9y
olye & Gias 9 BOD lagell 5l plyie DO yal)l
solKiws] ;5 Fast SusG y g6 Yb cawlus lyls (sla el b

Table 12- Sensitivity and uncertainty analysis for IRWQIsc at stations on Pasikhan River (FAST method)
(FAST _yig,) hliske (L Kiuw! 13 Lo ailddg, 40 IRWQIsc Juao Courhipas g Cowlua 36T gl -Y Joua

Parameter Sensetivity- Percent of Model output variance Uncertainty

Station DO  Coliform P N pH BOD TUR EC Hardness COD MEAN SD
1 Alisara 0.37 0.06 01 037 01 015 0.01 0.004 0.006 0.008  79.35 2.8
2 Mobarakabad 0.4 0.07 0.07 027 005 0.02 0.007 - 0.002 0.004 83 3.9
3 Kamsar 0.45 0.04 01 016 0.01 01  0.005 - 0.01 0.002 70.25 3.65
4 Khatiban 0.35 0.07 007 01 003 018 0.006 0.1 0.01 0.006 74.9 34
5 Kouzan 0.37 0.08 0.06 0.05 0.01 0.1 0.004 0.1 0.01 0.02 68
6 Dafsar 0.43 0.1 0.05 0.05 0.01 015 0.004 0.07 0.007 0.03 67.3
7 Pasikhan 0.54 0.17 0.04 0.02 017 0.17 0.002 0.002 0.002 0.02 62.4 4.4
8 Rastehkenar 0.28 0.11 0.07 005 0.01 023 0.002 0.09 0.008 0.02 57.8 4
9 Boudian 0.35 0.33 0.04 002 002 03 0003 013 0.005 0.03 54.6 3.7

Emamzadeh

10 NOwkhaleh FAIL
11 Nowkhaleh 0.48 0.33 0.04 002 005 0.18 0.003 0.002 0.002 0.01 53.2 4.2
12 Nowkhaleh Bazar FAIL
13 Baghlakesh FAIL
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Table 13- Sensitivity and uncertainty analysis results for IRWQIsc at stations on Pasikhan River (Sobol

method)

(SOBOL 039)) lisee sl 13 by 4ldg, 13 IRWQIsc Jao CoxhBons § Cowlus ”Jbi =G Jgus

No Parameter Sensetivity- Percent of Model output variance Uncertainty
" Station DO Coliform P N pH BOD TUR EC Hardness COD MEAN S.D
1 Alisara 0.09 0.06 01 052 009 02 0007 0.002 0.007 001 79.35 2.4
2 Mobarakabad 0.47 0.09 0.08 0.37 0.005 0.03 0.003 -- 0.005 -- 83 35
3 Kamsar 0.55 0.05 0.13 0.23 - 0.1 0.004 0.005 0.02 -- 70 33
4 Khatiban 0.38 0.07 0.08 0.14 - 0.23 - 0.1 0.02 0.004 749 3.1
5 Kouzan 0.52 0.1 01 0.8 - 0.13 - 0.11 0.01 0.01 68 36
6 Dafsar 0.52 0.12 0.06 0.08 - 0.17 - 0.07 /0 0.01 67.3 36

7 Pasikhan 0.43 0.05 0.06 0.09 - 0.29 - 0.09 0.008 0.02 62.4 4
8 Rastehkenar 0.3 0.14 0.1 0.08 - 0.32 -- 0.1 0.01 0.02 57.8 3.7
9 Boudian 0.14 0.14 0.05 0.04 0.008 0.55 - 0.1 0.002 0.02 546  3.32
10 ﬁ”&ﬂﬁ‘f;ﬂ 008 013 004 004 003 065 - 008 - 0.02 52 3.2
11 Nowkhaleh 0.29 0.19 004 005 001 033 - 0.08 0.03 0.02 53.2 4.2
12 Nowkhaleh Bazar ~ 0.11 0.14 002 003 001 066 - 0.05 0.01 0.01 46.5 38
13 Baghlakesh 0.08 0.08 002 004 002 07 - 0.08 0.01 0.02 44.6 3.4
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Table 14- Sensitivity and uncertainty analysis for IRWQIsc in different seasons (SRC method)
(SRC yig,) cilideo Jouad yd Ly 4ilddg, 48 NSFWQI Juo Cazhdouns g Cowbmes 501 gils -V F Jous

Sensetivity- Percent of Model output variance

Uncertainty

DO T Colifom P N pH TS5 BOD TUR MEAN SD Season
032 002 03 001 - 00l 002 036 004 59 44 Spring
0.36 00l 016 003 00l 00l 00L 036 004 556 47 Summer
0.15 00l 032 003 - 002 002 04 004 60 4 Automn
0.07 004 04 001 - 003 00L 04 003 69 4 Winter
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Table 15- Sensitivity and uncertainty analysis for IRWQIsc in different seasons
Jlw i Jguad jd 4By ailddg, 45 IRWQIsc Juo Coxhdous g Comwbms 501 gl -10 Jous

Sensetivity- Percent of Model output variance

Uncertainty

DO Coliform P N pH BOD TUR EC Hardness COD MEAN SD Season
0.03 026 004 004 002 051 - 012 002 008 63 4 Spring
0.08 028 005 001 001 05 - 004 001 006 54 425 Summer
0.12 05 004 001 001 037 - - - 003 64 42 Automn
0.06 042 007 - 003 05 - - - 003 68 36 Winter

5 Sadeghi et al. (2015) cldlas mls a2 0 Casday
» By iy & sl 9, » Mirzaei et al. (2017)
o xSt ol g S g O sl 5 S
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