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Development of a Hybrid Machine Learning-Based Framework for Monitoring and
Predicting Odor Pollution in Urban Surface Water Canals: A Case Study of the
Ghiyasvand Canal, Tehran
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Abstract:

Unpleasant odors emitted from urban surface-runoff canals pose a significant environmental and public health
challenge in large cities such as Tehran. These odors, primarily caused by anaerobic decomposition of organic matter
and the inflow of untreated wastewater, degrade water quality, generate public dissatisfaction, and reduce the
environmental health and livability of urban areas. Despite their widespread impact, the spatial distribution and
intensity of odor emissions in such canals are rarely monitored systematically. To fill this gap, this study introduces
a practical framework for monitoring, quantifying, and predicting odor intensity in urban surface water canals . The
proposed framework was implemented and evaluated in a pilot project along the Ghiasvand Canal in Tehran. Weekly
field sampling was carried out.at ten critical locations over a ten-week period, during which key water-quality
parameters (including pH, electrical conductivity (EC), total dissolved solids (TDS, and dissolved oxygen (DO), and
water temperature) and meteorological variables (such as air temperature, wind speed, and relative humidity) were
collected. In addition, odor intensity was measured with a portable Odor meter. Pearson, Spearman, and Kendall
correlation analyses, along with a random forest regression model, were employed to examine and predict the
relationships between physicochemical and atmospheric variables and the odor intensity. Correlation analyses
indicated that water temperature, electrical conductivity, and air temperature were positively correlated with odor
intensity, whereas DO showed a negative correlation, indicating its critical role in odor suppression. The developed
model performed well in predicting odor intensity, achieving an accuracy of 83% for both training and testing data.
This study demonstrates the potential of integrated field monitoring and machine learning approaches to support
practical odor management in urban water systems, leading to improved environmental quality and public well-being.
While the framework was applied to a specific case in Tehran, the results and approach are broadly applicable to
similar urban settings facing odor-related challenges.

Keywords: Unpleasant odor, Urban Surface Water Canals, Water Quality, Random Forest Algorithm.
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Relative Humidity % RH 9.9 28.75 62.0
Air Temperature °C Tair 10.0 203 34.0
Wind Velocity m/s Wind 0 1.61 4.0
Odor Intensity - Oder 0 2.1 6.1

ol )F il az 0 YT sg0 (5 10 m00ls 59, crdsl jo 192 slos

los 1o 00l 59, e 3T 50 5 anils LhalS gig; gy 4
3 ol b casloass o ol 5 ol ax 0 VY B Y- o len
Slos (et 85 23 00 (LS SIS 5 ol 5 Sl 0505]
3,15 89z o wgte Cude S
IS o8 5 0 7 ol o2 VR G 0 22)
caly oo mol33l 50 g0 S Vgeme g (glod iol38l g (+.YO
YY.Y laie 3l g 009 9 (gloo b asliie i 0l (gloo &l yss Wy,

" mdﬁlaa.‘)g_iiyﬁu\_ﬁ:s‘sm

LVE o 6ylaie 4 g,l0 5 0010 95 dgl jo 0,8 il az o
s c—ulamsly pals 5, ) g ol ) sl az 0 VY

PLOECN QT I S oS 5 el (g dboﬁﬁ}—‘



(a)

1.00 1.00

TDS EC

1.00 1.00

0.99 0.99

S

1.00 -0.74

-0.74 1.00

DO ™

— 0.05 005

pH

0.58 0.58 0.58

-0.51 -0.51 -0.52 -0.

Odor RH Tair Wind

EC TDS S Tw DO pH

2 1.00 1.00 0.99
E 1.00 1.00 0.99

0.99 0.99 1.00

v
=
o
o
E —-0.05 -0.05
Q
o
£
=
E
x
e
]
8
EC TDS S Tw DO pH JD Wind Tair
(c)
2 SRR R-LIR- 2 0.36 -0.31 -0.05 -0.36 0.21 0.39
§ 0.99 1.00 0.37 -0.31 -0.05 -0.37 0.22 0.39

0.94 0.94 -0.05 -0.39 0.22 0.43

S

RH  Odor

RH  Odor

-0.29 0.24

-0.30 0.25

-0.32 0.25

0.33

0.45 -0.12

0.25 -0.03

0.43 -0.31

-0.01

0.25

Z —0.36 0.37 0.20

Q —-031 -0.31 0.20

L —-0.05 -0.05 -0.39 -0.27

Q —-0.36 -0.37 -0.

E - 021 022 022 -0.39 -0.26

& —0.39 039 043 0.33 [ERON
T —-0.29 -0.30 -0.32 0.45 025 043

'§ —0.24 025 025 0.33 -0.12 -0.03 -0.31 -0.01 0.25 -0.

1 1 I I 1 1
EC TDS S Tw DO pH IO Wind Tair

—-0.75 -0.50 -0.25 0.00 0.25 0.50 0.75

O ©)56 JIaiS 5 (D)o pnsl @) gm0y (Kot (sl yilo :F JSC2
Wgild JU ;5 gorhacl (550 Dald g oulitlsn (O oS sla st

RH Odor

1.00

12

I s 2815 & 455 b olaj 535 L g0 i 45 5bislas
e SRl g Dk b s s a ol sles
Glse slaceS s b b)) jshiea adlas cnl o
oolaiwl b gy ol (g3l Jow cds p wlillgn 5 4S5 slo e
Sylite slacs3g,9 b (pladse (Bolad JKiz g 5 o565 5
S 5o Lt b 0 aidle _lidlyn 5 &S sloyuiie )
Sy ol S i 5 e S8 st 5l S S
sy (ANN) esiac cwac gloaSi 5l oolaiwl b alin
BOD wile ol a5 glayiol )l ol g0 @il i i
(M) Jgoz 53 [26] el MGl b slaails 5 5 pH 3 DO
ool |, et ryies RMSEy RE bl 4 a5 ols o
dslie ailoads @l wilasils b galb S5 g (g lwaige
B (595)9 Slazite oS 5 45 aas e i il glaJae
Sl r el (Bolas Kz Joae 3 Sles » 2y JB
o Wi Lelss 6,5k 5 g oS 4ol dacoS s
Slados Jio sl ool ot Y s b (sls o 6,5 IS
el i & ol Sk 0 0o eles sl ke A o ¥ o las
613 (oo Sugboy slapuiie 5 59 0 led piie 05 Jol>
S8, Jan 5 Slae 85 ool onal 3325 & Jslons (5051 5 1o
Jalss 5 39, 00 lesd dya (slos (slaicte Jalis A Juka iamsl 00l
4 o Cagby g ol Ce s i slme (5enST layeiie b o
odal Cewss RMSE 4 R2 jlois .l oads yomie &8s o 3YL
w5 el sloodls (gl g+ OAR 5 - ATD bjsel (glaosls gl
as co lid mls cplcaol 0oy DAY 9 cAYY L iy s s
swoolo b gdai ;o oYU oUlss 5l leas ouls ools dwgs Jowo 4
i Sl smelie presd ol aSL 0oy 155 5 (bjge]
Gl aseiin (V) Jaoz ;0 a5 jabjlan o ls 10 oagol Lol yo
s 551 1 (sl g s, i sl Jon 4t 2



31 eolawl wols acgezme o S-S o anailes ST ol )3
b aS og ol Joo A5lpcie e cu YL S0 L slaoe
wh G T Sz (el 5 Jesle slagglens (655 k50
S5 L Jae Ve ggaze yo il Jes 4 Cailes ol I oS
e 5l oslitul b Lol oolas Slles 5 alide slapuiie
5 0310 degazme (A b (295 Jleas 0 Shes (T Jg92) (s5Le

RO PV K

oaids lis geoge (! ailoads colaiul (505,9 e lgie 4
ML'LSA @_,Ja.alj Bp Ood Fogia §O pie A ol Caen]
Ysons ilanils a5 (oS 5 01, 55, 0 Lo oS L R
s 5l ylas as aslassls T a8l sla Jow o Cand (5 i o ,Sles
oS 2o (blie )3 308 goracl 62 590 55 Sloj W9, woe
G =S s ailes,S Wi |y ol les 5 S Sl colan ,iis
Sl e (635 (S (slo it 5 (S5 (S5 ol 4 ailaxls

RMSE , R? asLs 5l oolitl b s5ladoe SLaS 3 cn e ¥ Jgo

Model Feature Combinations RMSE Metric R? Metric
Test Train Test Train
1 EC, Ty, DO, JD, T., RH - A¥\ - £ - £ - YaA
2 pH, DO, JD, Wind, T, RH - YFY CEVY SNy - YAY
3 JD, Ty, pH*JD, pHXT4iy, DO *JD el <00 < V50 < AYA
4 pH, DO, T.r, RH - FYO - FYY - va- - AAF
5 DO, JD, T.», RH N c5 Y- - AYA
6 JD, Tuir, DOXJD, JDXT,i,, JDXRH VN < £\Y CA'A ¢4 <MA
7 DO, JD, Wind, T, RH V- < FAD VYA - Yvs
8 JD, T.ir, DOXJD, JDxWind, JD*RH ©OAN - .OAQ - AY¥ CAYD
9 T\, pH, DO, JD, Wind, T, RH - A¥D - YAD < SYA Y
10 pH, DO, JD, T, RH - £ - OFA - Vo - AFF

Jesz ;o Bolas K> sle ol )l (o5l zuli ob colan
2l (A o)le) Joo cp e 90 Jlie sl .l 00 00,41 (Y)
sles o olaw depi oIl cpl leslaiul L gjludaig
O ALl Bes s anin Ges 9 Ve L ply pSeres
Lol el Joe 5o Lahos 128 Lies LSl onims les a5 o
el Casss Y byl 525 005 S ol gl p5Y (sladigs olass
JP 0 TS v ulbas Slbdises olows Blas yioren
50 Joe YL Gllas] caumoylis oS vel Casdy Y L ol 08
Sly el Sb5,l jhoe caenl ools [y 35290 sl (5500
1254 (et U g Bllan (sl Jao ol 5o oo 5 s
ol e ade; Sl 4 bl S ereal S0 oS e
s Loyl bl Wosls b wsals lbsesl Jdolas sl S5g
b os Jd,e (Bootstrap) socxe (5,ls pdiges «oles ;o .aigds

L 6yl pdiged sloay u,u)}AT sleosls J5 e o o cole sy

13

OIS 05 5 ool laysite 6255k 0 LY ojlad Joo o
&l R? oarle cdo (PH 5 lsa sleo o Cagby Jolore
o\.LoT Cawdo AL R 9 < A¥ w).a aQ L.)5"°)" 9 L)’")?‘J 6[@00‘&
Jasl Jolw g JSaie i A g F X o,led sl Jow o]
L oogd oo alaxde a5 jghailen a5 wib oo A 5 0 ¥V o Jow
Bl s (A5 slasite 50 5, ouijled piie Jelas (6 5 5050
ol el a8l iol38l g0l g hjeel dcgema jo o asls s
S5 | el S (sl i e 5 b 55, e o, oo
5 azgd BB aSS el oud Joe <o ioli8l o a5 aes oo
5 ol b as cal pl A oled g liw jo cad aiBle Jow
3500 g lw 4 Cad Joe E8o iis e e (6,5 k5 0
Ol jelate 4y ol o )Ll 5 s a5 jglailes .l aidl, ralS
9 5l (Bolad oz oo Sl gileaie 5 i B0
GlaSd oz 5 Bolal Gemier Sileante eyl



sl asls polie o glds conl S8 4 o3V Ll ails o5
Jdo as o Jow 51 (B 50 03T 9 Liseel slaools 4o sael sy
iz slaaan (o glae Ojgo 4 bools dcgass a5 Col ()
G,18 5 0013 6,90 43 Sgaze ldiges lans sl sl ciloas (5 y5laes
Golenz 5 Daeaily (il b ogye Tl cnlpln sl 00s:
ol dools Yoo 5l mn b Jle ylaie a) $,5 0ols degae
g B> g 00,5 lag uals ools degesme 90 () BB
Oyen 3 o903l glmesls o i gladas s pdyolesl

=P JB b 4 Ghigel slaesls i o ol 9 Skee
A Ty il

S (IS oty Oloplas cpl aiyeS 18 oolinul 5550 (05500
9 AL SBs b Sy (e drwg 4 e (S laoe @
Sysb 4 ab g3l slaesls (55, » Hmlie 63
Blax 903l g (o3s0l sloosls jo cds BT YL cds e ,ule
(F) IS8 0,15 0ezg o1y Sl i 5l lailas 5 ol oo
&3ly polie b ol aalie 5 el slaosls ] Soiin @S
Jolee R? aslis b Joe gl ol b Gillae oo o sioles ool
St o5 Oype a) sl g ad Sl anuly - AT L
2l Jos !y RMSE  MAE R? 6Ll gloasls ol
LS .l 00 80,91 (V) Jgaz 98 (9051 9 (350l (slacols sl
S0es g 009 Joud (BB Joo 230 &SRS oo (LS Jgux

coie Jaw o Bolal Sz o093l e sl el )b Y Jgax

Min Min

Model  Bootstrap Criterion Felzlt?l);es Samples Samples ];\g ;?h I\I(lrllril:seénolgg) ;:;: S
Leaf Split

1 True Squared error Sqrt 1 4 14

2 True Squared error Sqrt 1 2 14 4
3 False Squared error Sqrt 2 2 14 12
4 False Absolute error Sqrt 1 4 8 8
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