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Zhu Jialu“ , Ma Yan
( National Engineering Research Center of Urban Water Resources Co. , Ltd. , Shanghai 200082, China)

Abstract [ Objective] To address the issues of numerous parameters and high uncertainty in the activated sludge model No. 2d
(ASM2d) , this paper conducts a parameter sensitivity analysis to identify key parameters, reduce the complexity of model calibration,
and provide a basis for process simulation, calibration, and optimization. [ Methods] Based on an anaerobic-anoxic-oxic ( AAO)
process in a wastewater treatment plant( WWTP) , an ASM2d model for the biological treatment section was constructed in this paper.
Monte Carlo simulation combined with Latin Hypercube Sampling was employed to perform a global sensitivity analysis on 39 selected
model parameters. The influence of different simulation run counts on the analysis result was investigated, and the impact degree of
parameters on various effluent indices was quantified using standardized regression coefficients. | Results ] ~ When the number of
simulation runs reached more than 156, the number and ranking of sensitive parameters tended to stabilize. Among them, the
heterotrophic yield coefficient had a significant impact on the simulation result of chemical oxygen demand( COD) removal and sludge
concentration. The autotrophic maximum growth rate and the ammonium half-saturation coefficient dominated the simulation of ammonia
nitrogen removal. The simulation of total phosphorus removal was mainly influenced by parameters such as the reduction factor for
hydrolysis of particulate organic matter under anaerobic conditions and the hydrolysis rate of polyphosphate. [ Conclusion]  Monte
Carlo simulation can be used to systematically identify key parameters in the ASM2d model. It is recommended to use a simulation
count no less than five times the number of parameters in practical applications to ensure the stability of the analysis. The result of this

paper can provide a reference method for model parameter calibration and uncertainty quantification.
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Fig. 1 Process Flow and Modeling for WWTP
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Tab. 1 Parameters Selected for Sensitivity Analysis

S48 Hifir e BIAE B
SRR QIR K B A R L o/m’ K, 4.00 +£20%
55 R F T R BT LA A 00 R A o/m’ K, 4.00 +20%
R ERATAH A ] 24K o/ Kypp 0.02 +20%
R L R IR LU R B /g Kyiax 0. 34 +20%
S WA R RAE B TR i A A1 R 5L g/m’ K, 0. 005 +20%
A I A A AR KB R R AL o/m’ Kyi,_avr 1..00 +50%
TS ERERAE A A A0 BT H 32 A ) 2 A R 4K g/m’ Ko, 0. 50 +20%
R (L A INIVE R B o/m’ Ko, 0.20 +20%
A 5 VAR SR B A2 AR i i N R B o/m’ Ko, aur 0.50 +£20%
TRk TR FH L P 300 A A A 2 R R B o/ Kppa 0.01 +£20%
RERRER P A R AL o/m’ Kpp 0.01 +20%
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Tab.2 Input Data Applied for Simulation
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Tab.3 Number of Parameters with Strong and Moderate

Influence on Simulation Results under Different

Simulation Run Conditions
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7k coD 6 2 3 3 3
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K EE 19 16 15 16 15
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Tab.4 Top Ten Parameters with the Strongest Influence on Total Phosphorus Simulation Results under

Different Simulation Run Conditions

78 4 1174 156 4 195 2 210 41
ZH
e 24 SRC ZH SRC S8 SRC 24 SRC ZH SRC
ErRe) 2 X {E G 4 % i 2 B Ui 2 X E ETRe Y %HH
1 39 0.42 39 0.42 39 0.38 39 0.43 39 0.40
2 19 0.34 19 0.35 15 0.36 15 0.37 15 0.38
3 27 0.31 15 0.32 19 0.34 27 0.35 25 0.36
4 15 0.30 25 0.32 25 0.32 25 0.33 19 0.33
5 25 0.27 27 0.29 27 0.32 19 0.33 27 0.29
6 36 0.26 36 0.19 4 0.19 36 0.19 36 0.18
7 32 0.19 16 0.17 36 0.19 4 0.16 16 0.15
8 38 0.18 4 0.13 16 0.16 16 0.14 29 0.14
9 7 0.18 23 0.12 23 0.15 23 0.14 4 0.13
10 14 0.16 8 0.11 24 0.13 29 0.11 20 0.12
F5 AERBURBEGF T F AR KT RKEEILERZMEEAR 10 HSH
Tab.5 Top Ten Parameters with the Strongest Influence on Sludge Concentration at the End of the Aerobic
Zone Results under Different Simulation Run Conditions
78 4 117 4 156 21 195 4 210 41
ZH
e X SRC 28 SRC 28 SRC 28 SRC 28 SRC
G 2 X HH % Y HH P 2% HE i 2 X HE G 2% HH

1 19 0.83 19 0.83 19 0. 81 19 0.83 19 0.82
2 25 0.28 25 0.30 25 0.29 25 0.30 25 0.31
3 28 0.22 28 0.22 28 0.21 28 0.21 28 0.21
4 39 0.21 39 0.19 39 0.18 39 0.19 39 0.19
5 27 0.17 27 0.15 27 0.16 27 0.16 20 0.16
6 20 0.15 20 0.14 20 0.14 20 0.15 27 0.15
7 24 0.13 15 0.10 15 0.11 15 0.12 15 0.12
8 15 0.09 24 0. 08 24 0.10 24 0.11 24 0.12
9 21 0.08 36 0. 08 36 0. 08 36 0.08 36 0. 08
10 23 0. 06 16 0. 06 4 0.07 4 0. 06 29 0. 06
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Fig. 2 Results of Heatmap of Parameter Sensitivity Analysis

— 120 —



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 3,2026
March 25th, 2026

PRI AR B (K, o SRC=0.73) Al F JR B8 ik
KRR (pyir, SRC=0.33), BAKRBIR
B Z it B AR, 2 B R R B R R (Y,
SRC=0.594) \PHA i # % (g,y,, , SRC=0.241) |
AR BT R R S R R B (K, SRC =
0.237) Be e 4 45 1 °F 5 % TR AR K R U R AR
(Mo, 1 » SRC=0.199) FFZANSHUNILFL W, &
W 2B S TR TR 1 A W B0y g 2 OB AR G,
W RS BALFEIR A A T BURL A ML K i 5 5
2 KL (m,., SRC =0.426) , B Wi MR £h K fif 1 R
(byp, SRC=0.352) FIRBERSLTH A (b,,,, SRC=
0.331) B UM, 450 X 15 I Wk B 1ok i 57 9 v
FERRE(Y,, SRC=0.832) 5, EE T SR H
BT R GET5 e I e PR

G RFER R RE AR E AR AR
B DA T BRI A ML K o R i R A R
WEPSET H3 e PHA 4 SR 2 5 1% ASM2d A%
Tl B F oA BURR Y S8, B AE R R I 5 T2 R
TP LIDGSE G . IZI5 KAL) A 38 5 e fe 2%
S5 R BRE B SET R AR A A M s A, iR
A4 A BB T (E BB A B B iR
109, BLAk, 78 20 A 3RE (B BRIAME & A s
ASM2d 5 o 28 /D — AN B A 5 e R A
RS 280 T 90% , EIREE R KT ATy
X TR 0 R G BOIE AT B G R VR
4.3 HEBERSH

WFFE IR TR 15 52 BB BB o 4 SF- 3
25 20 min, FiE b 5E M 195 AR TE 2.7 d,
{1 S RbBEER (CPU) 4% R 212 B, nlofe
SERL AT B R AR 2 0.6 d, R FERLY
U L SRR RIS BRI AR — K — AR i ik (4% 39
NS, BASEIONE S H £20% , 357 117 IR
BLAEL) B AL SO 22 (R BB A 5 7, AH
ZEIARR(L N 4 h), HERRIBRBEIE AT $ Y
ZHREEMBETEEEZ,
5 BRESRE

AWFFER SRR RIS LS (H) M4 & W
2,0 ASM2d BERLHEAT T R G2 0 S EUURAE e T,
T AE AN R AL ) S RO A 4R (78 ~ 210 4) , 3
Al TR BOG U 45 AR M R i, & 2
R EORR] 156 2 LA i, U0 0 SUR S KOs

T MHET T — 8, 2o 195 AL ] E SRR 2
AIEEMER R B ST ROR . AT e SRR &
IKFEHRIY S I S B I B 3% 22 5, Hodr, coD
TG e B 232 5 95 ™ R R B ], = A LB
KEESHON A SR e KR KR M /A R
B, Tl 2 I V0 UKL A LA /K fifk % o D R A S
SHUEVIAG , NSRS R e R e S v A
HEDUE, MRS HE S T 2L b3 4t T WA i
Hr,

JUEARMFFE A ASM2d 455 R (1) 2 BURURR 1 43 #r
PRAL T — AT SR RIS EAURE S (B A A
TR E W T W, B, AR A TR A
PIFE R i S Prim K AL B R LG S A RRE, Ak ]
iR 2 Bh A5 T SEUBURAE P AR A A, 1IE
AN ARG G B — AAO T. 595K, RE T2
il B s R K K BRI ] B 52 e S BB 1 HE
A S EAEARR T 25 TR i, fix
J5 , BEE LR 7 R R AR R B IR E  ~ A
RIS SRR RIS &, DLtk — 25 3R T R B S 4L
BB AT BT R SRS B 3 16 1 T TR B R A
EOKSS HITEARL

&% 3k

[ 1] Henze M, Gujer W, Mino T, et al. Activated sludge models ASMI,
ASM2, ASM2d and ASM3[J]. Water Intelligence Online, 2006, 5
9781780402369. DOI; 10. 2166/9781780402369.

[ 2] Henze M, van Loosdrecht M C M, Ekama G A, et al. Biological
wastewater treatment: Principles, modelling and design [ M ].
London: IWA Publishing, 2008.

[3] THeMs, Besk, WL Pifh A°/0 T LRSS I 2D R

P F SR BIE N [T]. BT RS BR, 2018, 40
(12): 1347-1351, 1358.
Ding X Q, Zhao J Q, Hu B. Sensitivity analysis of kinetic
parameters of Activated Sludge Model No. 2D in two kinds of
A%/0 processes[ J]. Environmental Pollution & Control, 2018,
40(12) . 1347-1351, 1358.

[ 4] MBAfd, RWEE, AW, % JETREEEMTHY ASM2d $
SRS HAERATTIRT ], P ESKHDK, 2022, 38(11) .
83-90.

Deng R J, Song Y J, Ren B Z, et al. Check method of ASM2d
mathematical model parameter set based on sensitivity analysis
[J]. China Water & Wastewater, 2022, 38(11) ; 83-90.

[ 5] Saltelli A, Ratto M, Tarantola S, et al. Sensitivity analysis for
chemical models [ J]. Chemical Reviews, 2005, 105 (7):
2811-2828.

— 121 —



MFtr, D Hi.
T SRR IEERIE BTG PETE U 2d SR SRR AT Vol. 45, No. 3,2026

[6] YuHR, Wang Y, Li T, et al. Calibrating activated sludge
models through hyperparameter optimization; A new framework
for wastewater treatment plant simulation[ J]. npj Clean Water,
2025, 8. 80. DOI. 10. 1038/s41545-025-00513~y.

[ 7] i, DPBEE, 280, % SR REEEAEKE Kb

BRI ( DYRESM-CAEDYM ) S8Rt P Ay I [ 1], AR5
2%, 2014, 33(1) . 38-45.
Zhai HT, Luo L. C, Li H B, et al. Application of Monte-Carlo
Method in parameter optimization of hydrodynamc-water quality
model ( DYRESM-CAEDYM) [ J]. Ecological Science, 2014,
33(1) . 38-45.

[ 8] Mlmkk, Py, ZIUWE. S hH ALS KA B A e T
IS ], HOREIR, 2024, 43(s1) : 184-191.
Zhu J L, Bai H M, Xia S Q. Modeling and simulation practice of
the full-scale treatment process for a large-scale combined system
WWTP[ J]. Water Purification Technology, 2024, 43 (s1):
184-191.

[ 9] Hauduc H, Rieger L, Ohtsuki T, et al. Activated sludge

[10]

[11]

[12]

modelling: Development and potential use of a practical
applications database[ J]. Water Science and Technology, 2011,
63(10) : 2164-2182.

WRT, EWAR, RFEAT. WSS RV &S SE T K&
SR RTSEL )] SRARHEK, 2022, 48(s2) : 230-240.
Chen N, Wang X D, Wu Y X. Study on the law determination
and improved application of activated sludge model variables and
parameters [ J |. Water & Wastewater Engineering, 2022, 48
(s2): 230-240.

Tordanis I, Koukouvinos C, Silou I. On the efficacy of
conditioned and progressive Latin hypercube sampling in
supervised machine learning [ J ]. Applied Numerical
Mathematics, 2025, 208 256-270. DOI. 10. 1016/j. apnum.
2023. 12. 016.

Zhu J. Detailed modelling of the treatment performance of the
future full-scale biofiltration lane of the Seine Aval
wastewatertreatment plant [ D ]. Compiégne: Université de

Technologie de Compiegne, 2020.

(L#% 113 1)
[40] T/CI470—2024 Tl Al B B0k %5 4 B R G B R 5
[S].
T/CI 470—2024 Technical guidelines for construction of
industrial enterprises intelligent water management system[ S ].
[41] AIl/017—2023/017—2023 $REUR K B 6 1 ST R
FriELS].
Al /017—2023 Metadata specification for water big data [ S].
[42] T/CSUS 69—2024 & Ek 55 ARbriEL S].
T/CSUS 69—2024 Technical standard for smart water[ S].

— 122 —

[43]

[44]

WA BT SaaS B9 GIS IS5 A 7ER ZOK &5 PR A (1]
TR S, 2024, 14(5) : 108-114.

Peng Q. Application of SaaS-based GIS service platform in smart
water management [ J]. Computer Science and Applications,
2024, 14(5) . 108-114.

LinJ Y, Bryan B A, Zhou X D, et al. Making China’s water
data accessible, usable and shareable[ J]. Nature Water, 2023,
1(4): 328-335.



