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Table S1. Characterizations explanations of the symbols.

Symbol Characterization

X State variables of the Ordinary Differential Equations(ODES)

u Input variables of the ODEs

y Outputs of the ODES , such as[COD Syha Snoz Snoal’,  ¥* the simulation ones and  y° the observed measurements
0 Parameter set of the ODEs

® the square noise variance matrix, whose inverse form ™ acts as the weights

E(9) Objective function of the parameter estimation

Yi, Ny the i-th state variable or output, the number of outputs

0i, Ny the j-th parameter in the parameter set, the number of parameters
ti, Nt the k-th measuring time, the number of measuring times

S the local relative time varying sensitivity matrix at parameter point 4

M the global relative time varying sensitivity matrix over the bounds-defined parameter space
FIM the local Fisher Information Matrix

C the local covariance matrix derived from the FIM

c the pseudo-global covariance matrix, derived from C and E(@)

R the pseudo-global correlation matrix, derived from C




Table S2. Summary of the process rates equations for related processes.

j Process Modified process rate equation
Heterotrophic Xs /X,
pl Hydrolysis Ho—o <o Xu
organisms Ky + X1 Xy
Aerobic St fS k So 5 x
2 p2 erobic Storage of Ss sTO Koo + 5o Ku s +5¢ H
Anoxic Storage of Ss | K oim S, Sio,
3 M@ No,NO, SN Y+ 50 Kuvss + 55 Kiuno, +Sno, "
Anoxic Storage of Ss Kk 0,imn Ss Sno,
4 P3) NO;-N; o'l o, Kuojm +So Kiss +Ss Ky no, +Sno, "
S Sy S Xeo !/ X
5 4 Aerobic Growth of X 7 = . ALK SO~ H X
p " i I<H‘02 + SO KH,NHA + SNHA KH‘ALK +SALK KH‘STO + XSTO / XH :
6 p5(a) Anoxic Growth of Xy wn Ky ojinn Sy, Sk Xero ! X, Sue,
H7TH No, H
NOs-NO; KH,OZinh +S, KH,NH4 + SNHA KH,ALK +Sak KH,STO + Xgro I Xy KH‘Ozinh + SNo3
Anoxic Growth of Xy K o, Sy, Sk Xsro ! Xy So,
7 p5(b) NO,-N HuTh o, K "
27IN2 H,0ginh T So KH.NH4 + SNHA KH,ALK + Sk KH,STO + Xgro I Xy KH‘Ozinh + SNo2
Aerobic Endog. Resp. of So
8 p6 X .0, KH.OZ s, H
Anoxic Endog. Resp. of Xu Ky o,imn Sho,
9 p7(a) NO:-NO, H,0,7TH endNo, Kuvom + So Kuno, + Sno, H
Anoxic Endog. Resp. of Xu Ku o,inn Sho,
10 p7(b) NO,-N, H.0,7TH endno, Kiyom + S0 Ko, + S, H
Aerobic Endog. Resp. of So
11 p8 Xsro 10,0, Kyvo, +So sTo
Anoxic Endog. Resp. of K o,im Svo,
12 p9(a) Xs10 NOs-NO, 570,0,7H endNo, KH‘Ozmh s, KH,NO3 T SNO3 sTO
Anoxic Endog. Resp. of K o, Swo,
13 p9(b) Xs10 NO,-N 570,0,77H endNo, KH‘Ozinh 1S, KH,N02 T SNOZ sTo
AOB Aerobic Growth of Xaos, So S, Sk
14 pl0(a) Nitritati Haos AOB
Itritation l‘<AOB,Q2 +SO KAOB‘NHA +SNH4 KN,ALK + SALK
Aerobic End. Resp. of So
1 11 b X
5 p (a) Xaos 'AOB KH o +So AOB
16 pl2(a) Anoxic End. Resp. of X b,077 Kuom Swo,
p . p. AOB 'A0B7IN end KH,OQinh +5, KH,N03 +SN03 AOB
NOB P S S
Aerobic Growth of Xyos, S ) . S
17 p10(b) Nitratati NOB Los o NH s NO, ALKS X oo
Itratation KNOB,OQ +SO I<H,NH4 + NH, KNOB,NOZ +SN02 KN,ALK + ALK
Aerobic End. Resp. of So
1 11 b X
8 p (b) Xnos NOB KH o +So NOB
19 pl12(b) Anoxic End. Resp. of X Byos?? Kovgm She X
p . p. NOB NoB?IN end KH‘Ozinh +S, KH,NOg +SN03 NOB
20 Aeration e K a_ 20+ (Sggar —So)




Table S3. Stoichiometric matrix for the extended processes and selected compounds.

i Process So Ss SnH Snoz Snos Sn2 SaLk St X Xu Xs  Xsto Xpos  Xnos
. Iy we — Fo sl g —(@—fg ) i
1 pl Hydrolysis 0 165 0 0 0 0 NS S N‘S'14( a) byss fg 0 0 10 0 0
2 p2 Aerobic Storage of Ss Ysr00, —1 -1 iy ss 0 0 0 % 0 0 0 0 Ysto.0, 0 0
Anoxic Storage of Ss : 1-Ys0m0 1-Yerom0 iN ss
3 3 0 -1 1 —_— - 0 : 0 0 0 0 Y, 0 0
p3(a) NO:-NO, N,SS 112 114 14 STO,NO,
Anoxic Storage of Ss : 1-Yson0 1-Ys0n0 iy ss — (Ysrono, —D/1.72
4 3(b 0 -1 1 —_— 0 2 : a 0 0 0 0 Y, 0 0
p3(b) NO,-N, N.SS 172 172 1 STO,NO,
5 p4 Aerobic Growth of Xy 1-11Yy,, 0 —iy o 0 0 0 o 0 0 1 0 UVio 0 0
2 i 14 2
Anoxic Growth of X ) 1-Yuno, 1-Yy no, i e
- - M /Y
6 P5@  NogNO, 0 0 .o 114-Y,, o 114-Y, 0, 0 14 o 0 10 Hao, 0 0
Anoxic Growth of Xy - 1-Yi o, 1-Yy no, (Mo, D7 @72-Yy vo,) — Ty
. - T2 T NG, NGO, . -17Y,
70 NomN, 0 0 in o iz O TR ZEA - 0 0 1 o0 o, 0 0
i . . —fy, i i
8 06 Qeroblc Endog. Resp. of - ) 0 B T S 0 0 X le Flvem 0 f -1 0 0 0 0
"
Anoxic Endog. Resp. of e . 1-f, 1-f,, —Fa T +ivew
9 p7(a) Xy NOs-NO, 0 0 f><| v i I em 114 _m 0 * 0 fxi -1 0 0 0 0
Anoxic Endog. Resp. of _f i i _1-1y 1-1fy iveam — Fu i —(F —D/1.72 }
10 P70 yoNowN, 0 0 LRI N o 0 o " 0 f« -1 0 0 0 0
11 ps ferablc Endog. Resp. of g 0 0 0 0 0 0 0o 0 0 0 -1 0 0
STO
Anoxic Endog. Resp. of 1 1
12 po@ L NO3—NO? P 0 0 0 U i 0 0 0o 0 0o 0 - 0 0
Anoxic Endog. Resp. of 1 1 1
13 9(b 0 0 0 - 0 — — 0 0 0 0 -1 0 0
PO XeroNON, 172 172 24.08
Aerobic Growth of Xaos, 1 _ 48 _1 1 1.2 +i
14 p0@  Njtitation wy, Viow VM Yoon 0 0 1, i) o 0 0 0o 0 ! 0
i . . —fy, i i
15 pll(a) l)A(\EI'OblC End. ReSp. of '(1' le) 0 - f><| Iy Fnew 0 0 0 w 0 f>(| 0 0 0 -1 0
AOB ' ! 14
Anoxic End. Resp. of g : 1-1y 1-f,, ivem — Fx sina — (f —1)/2.86
16 p12@) o 0 0 fuing +iow O e — o 0 f« 0 0 0 1 0
Aerobic Growth of Xnos, 1 _ 16 r _ 1 1 L
17 p100)  Nitratation wy, I ou Yo Yion 0 14 °o 0 0 0o o0 0 !
i . . LV |
18 pli(h) Qemb'c End. Resp. of 4 ¢ 0 S O 0 0 “ha i Flvew 0 f« 0 0 0 0 1
NOB ' ' 14
Anoxic End. Resp. of : : 1-f 1-f iyew — fxi iy —(fyy =1 /2.86
19 12(b 0 0 —f iy i 0 Xl X : 0 f 0 0 0 0 -1
PL2O) e X s 2.86 2.86 14 X




Table S4. Kinetic and stoichiometric parameters at 20<€.

Index  Symbol Characterization Low Value High 6 Units references
insi N content of inert soluble COD S, 0.005 0.01 0.01 [g N/g COD] E
in,ss N content of readily biodegradable substrate 0.01 0.03 0.05 [g N/g COD] !

2 inxi N content of inert particulate COD X, 0.01 0.04 0.07 [g N/g COD] !
inxs N content of slowly biodegradable substrate 0.01 0.03 0.05 [g N/g COD] !

3 ingMm N content of biomass Xy, Xaos, Xnos 0.03 0.07 0.11 [g N/g COD] !
I Production of S, in hydrolysis 0.00 0.00 0.02 [g COD/g COD] 2

4 fxi Fraction of inert COD generated in biomass lysis 0.1 0.2 0.3 [g COD/g COD] t

5 Yuo, Yield coeff. for heterotrophs in aerobic growth 0.65 0.8 0.95 [g COD/g COD] t

6 Y no, Yield coeff. for heterotrophs in anoxic growth (NO3-N- NO,-N) 0.5 0.65 0.8 [g COD/g COD] t

7 Yino, Yield coeff. for heterotrophs in anoxic growth (NO2-N- N2-N) 0.5 0.65 0.8 [g COD/g COD] !

8 Yero0, Yield coeff. for Xs1o in aerobic growth 0.2 0.8 1 [g COD/g COD] !

9 Yerono, Yield coeff. for Xsto in anoxic growth (NO3-N- NO,-N) 0.2 0.7 1 [g COD/g COD] !

10 Ysromo, Yield coeff. for Xsto in anoxic growth (NO2-N- N2-N) 0.2 0.7 1 [g COD/g COD] !

11 Y 08 Yield coeff. for Xaos 0.1 0.18 0.3 [g COD/g N] 3

12 Yyos Yield coeff. for Xnos 0.02 0.06 0.1 [g COD/g N] 3

13 K Hydrolysis rate constant 4 9 15 0.04 [d7] t

14 ksto Maximum storage rate 4 12 20 0.07 [d7] t

15 m Maximum growth rate on substrate of heterotrophs 1 3 6 0.07 [d7] !

16 e Maximum growth rate of Xaog 08 0.9 1.1 0.12 [d7] 8

17 1INOB Maximum growth rate of Xnog 05 0.65 1.0 0.078 [d7] 8

18 By, Aerobic end. resp. rate for Xy 0.1 0.3 05 0.07 [d7] !

19 Buro, Aerobic end. resp. rate for Xsro 0.1 0.3 05 [d7] t

20 Bros Decay rate of Xaos 0.05 0.15 025 0.2 [d7] 4

21 bros Decay rate of Xyos 0.1 0.22 0.34 0.078 [d7] 4

22 Mo, Reduction factor for denitrification (NOz-N- NO,-N) 0.1 1 - 3

23 Mo, Reduction factor for denitrification (NO,-N- N-N) 0.1 1 - 8

24 Mot end o, Reduction factor for by, anoxic condition (NO3-N- NO,-N) 0.25 1 - 8

25 Mot end o, Reduction factor for by, anoxic condition (NO,-N- N,-N) 0.35 1 - 8

26 M e Reduction factor for baog and byoe, anoxic condition 0.1 1 - ¢

27 Kx Hydrolysis saturation constant 0.2 1.0 2 [9Xs g™ Xul t

28 Kuvo, Saturation coeff. for oxygen, het. growth 0.05 0.2 05 [g 0, m?] t

29 Ky, Inhibition coeff. for oxygen, het. growth 0.05 0.2 5 [g 0, m?] t

30 Kiss Saturation coeff. for readily biodegradable substrates, het. growth 5 10 20 [g COD m¥] t

31 K, Saturation/inhibition coefficient for ammonium, het. growth 0.001 0.01 0.1 [gNm3] !

32 K no, Saturation/inhibition coefficient for nitrate, het. growth 0.1 0.5 10 [gNm3] !

33 Kino, Saturation/inhibition coefficient for nitrite, het. growth 0.1 0.5 10 [gNm3] !

34 K Saturation/inhibition coefficient for alkalinity, het. growth 0.01 0.1 1 [mole HCO; m?¥] !

35 Ky sro Saturation coeff. for storage products 0.01 0.1 1 [g COD m¥] t

36 Kaoso, Saturation coefficient for oxygen, AOB 0.2 0.8 5 [g 0, m?] s

37 Kyoso, Saturation coefficient for oxygen, NOB 0.2 0.8 5 [g 0, m?] s

38 Ko, Saturation coeff. for ammonium, AOB 0.05 0.14 0.5 [gNm3] s

39 Koos.no, Saturation coefficient for nitrite, NOB 0.05 0.28 05 [gNm3] 5

40 K Saturation/inhibition coefficient for alkalinity, aut. growth 0.1 0.5 1 [mole HCO; m?¥] !

N,ALK
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