Supplementary Material - Bayesian Uncertainty
Quantification for Anaerobic Digestion models

Table 1: Computation time for calibration and UQ routines in hours

SA  Calib. FIM Beale Bootstrap  Bayes init. VarBUQ
AM2 LN n.a. 0.50 0.00 (0.50) 0.95 (0.45) 50.10 (50.60) n.a. 1.70
AM2 HN n.a. 0.43 0.00 (0.43) 0. 95 (1.38) 56.25 (56.68) n.a. 1.68
AM2LF | na 047 0.00 (0.47) 6 (1.07) 46.14 (46.65) n.a. 1.50
AM?2 HF n.a. 0.43 0.00 (0.43) 0. 92 (1.35) 47.14 (47.62) n.a. 1.55
ADMI1 LN | 0.33 232 0.02 (2.67) 1.63 (4.29) n.a. 0.59 4.82 (5.40)
ADM1 HN | 0.32 3.15 0.02 (3.49) 1.92 (5.39) n.a. 0.59 4.80 (5.39)
ADMILF | 032 229 002 (2.62) 222 (4.82) n.a. 0.75 4.77 (5.52)
ADM1 HF | 0.33 532 0.02 (5.67) 1.43(6.42) n.a. 0.72 6.02 (6.74)
SA: Sensitivity analysis, Calib.: Calibration, Bayes init.: initialisation of the posterior. For each UQ

routine, the total time, including optimisation, is indicated in bold.



ueIseAeq UOU oY) JO JNSAI Y] ST g “BIRD 9Y) 9)eIoUa3 0} posn siojourered Jo jos oy St ¢ ‘(eords 301 ur) worynquiysip 1otid oy} I0J UOTJRIAGD PIRPURIS
oy (0)3°Lp ‘wormnqruystp 1o1d oY JO SUBDW O} SUIRIUOD 0p “UOMMGLISIP 10110350d oY) Ul POJR[II00 9q ued Yorym sivjourered jo sdnoid seyesrpur Yoo[g

‘(uoryeIqIred ueisoA®q o) JO JNSOI 9Y) "9°T) UOINLIISIP IoLeIsod oY) JO sueow o1} ST [g]L UOTRII[RD

09¢ 060  ¢S¢  8¢e€  CFe  6Sc  6S¢ 9% SET  0°96T  OF0 99T 4 (_ux opour) elyy
80F% 98F  ¢F  9¢¢  L6F 606 10T ¥86 OTIL OIT 8F0 836 & (o opour) 2S37
OFFT  €I°ST 86'ST 8€CT 86'ST 0&L S29 ¥&L 9LG 1L €0  TL I (p_w @Opsy) 1Sy
9T'T T¢T S60 00C €T 8L0 060 ¥.L0 660 GSOT S0 TL0 e (;_Ae() *emerd
980 160 GOT 980 660 SI'T 160 LI'T G0 €T 030 &1 i (;_Aeq) *eomd
AHy dHg ATy g mm NHy NHp NTy Ny MQ (9)So1p 0p yporg

CINV 10J SHNSOI UOTPRI(I[RD PUR AJUIRIIOOUN ‘SonfeA Iojourered ymejo(] :g o[qe],




‘(uoryeiqred ueisakeq o1} JO JINSAI 9Y) "9°'T) UOTINLIISIP
I0119950d 91} JO SUBAW AT} ST [g]L "UOTIRIQI[RD URISEAR( TWOU S JO [NSAI ) ST ¢ “BIRP 91} 9jeIousl 0} pasn sigjaurered Jo 1os oY) ST ¢ "(9ovds o] ur) uornqruisip torid o1

103 uoryRIAGp pIepuRs)s oYy (0)3°Lo ‘uorinquiysip Jorad oY) JO SUBSW oY} SUIRIUOD 0f UOHNJLIISIP Io1rejsod oY) Ul Peye[adiod aq ued YoIym siejewrered jo sdnoid sejesipul yoorg

G966 F90T Po0T ¥o0T 6996 G966 PFo0T F20T Po0T 96 9700  voI e1 (g S[OIN) NI'Sy
OI'G  ©9O8C GOLT GOl ©o¢l goLT €979 ¢o81 go0C¢ ¢99T ¢l0 200 41 (;—4eq) >°Py
7 0g 67 0g 19 0°g 0°g 0°g 0°g g'g 9700 ¢ 11 et Tlyyd
01 01 ¥6°0 0T 91 11 01 01 01 780 zT0 1 11 el TTI0Ygd
67 8¢ 0°g 0g 7 67 eg 0°g 0g (57 9700 & 6 o Tyd
01 01 01 01 0T 660 €80 0T 0T 0T 9%0°0 T 6 o TTINYgd
9¢ TS 8¢ 9% a4 ge 09 9¢ TS 1 z1°0 id 01 #e Tyd
g1 i g1 1€°0 A e 1 91 1T 1 10 g1 (1)1 ©e TN
€OT'C €96C €981 €O8T €9I'C €981 ¥96L €91 €981 €96T 9700 €981 6 (g_u ooy) EHN'Ty

999'¢  99G'€  99L'E  9°GE  9°Y'E  999°¢C  9°¢¢ 9°¢'¢ 99¢¢ 99¢E  9¥0°0 9-9G°¢
9966 S¢°0T ¢90T ¢»o0T ¢»oI'T ¢»o0T ¢G»o0T G&=oT Go'1T GOT'T 9700 Ggo1
9°0'¢  99°0'¢ 99°C¢¢ 99°0¢ 999G 9°1'¢ 990G 9°'F 9°0°¢ 9°0¢ 9700 9-9¢
9-9€°L  9°0°L 9°¢L 9°0L 9°T9 9919 9°0L 9°9°L 9°0L 9°L9 CI0 9-9L

(gt ODSY) ' TeH Ty
(¢—m qODSY) TP eH Ty
(g—w ODSY) WeH Ty
(g—m @ODB) TSy

610 €20 ST0 ST ¥20 €10 12°0 €10 1 ST'0 g10 ST'0 (g— oDy ** Sy
010 oIS TOF'6  8€0 T9¢'9  ¢I0 0€°0 00T'0 980 910 1o 10 (¢_w @ODSY) ISy
ge0 v6°0 €0 06°0 070 9z°0 0% izall] Tl 0€°0 izall] c0 (g @ODD) TP Sy

€7°0 070 <o 070 8¢°0 070 07'0 o 07'0 6€°0 ¥e'0 70
0€'0 0€'0 0€'0 0€'0 6¢°0 1€°0 0€'0 1€°0 0€'0 1€°0 970°0 €0
L¥°0 090 L¥°0 090 6¢°0 40 080 060 090 €V°0 cro g0

(¢—m@ qODSY) Sy
(g—w qONSA) *¥ 'Sy
(g @ODSN) "8y

oA A A AN F O O~ NN F 0 O 00 T 0 ©

e ge L€ Ge 6C € e e g 82 z1°0 g (;_feq) o™y
86 €6 7’8 €9 (o) 1T 12 0T 08 11 4N} 8 (;—feq) =y
oI 76 idl 67 66 €1 9z 4 €6 €1 z1°0 €1 (;—fe() O1dwy
91 4% LT L€ 8T 61 4 8T 06 12T z1°0 0% (;—Leq) 7oy
GG 09 1L 09 gy g9 09 v'g 09 TS izall) 9 (;—Leq) ™y
IS TT IS 09 6% 9g 09 i 0 o7 zT0 0 (;—fLe(q) *oy
82 20T 43 o€ 87 0 7T 43 o€ 8¢ zT0 0€ ({—feq) "sTuy
76 01 01 00T 0v'e €01 01 g6 01 €z izall) 01 (;_Aeq) T P4y
88 o1 66 01 4 o1 o1 16 01 L8 4N 01 (;—4Leq) UdPAIy
€6 0T L6 0T TS 66 0T 1T 0T 0T z1°0 01 (;_4Leq) HO™PAy
670 090 750 090 €2°0 1090 050 890 090 9¢°0 jZ40) g0 (;_Leq) Py
AHy Eis) ATy Ay g NHy NHg NTy N Ng (031 0g sporg

TINAYV IO} SHNSaI UOTYeIqI[ed pue Ajurelraoun ‘sonfes rojourered jmejo(] :¢ 9[qe],



Table 4: Overview of UQ routines

Bootstrap FIM Beale VarBUQ
Confidence region shape Any Ellipse Any* User chosen**
Output Samples Covariance Samples Distribution

Mean squared

Prerequisite None Statistical Model error calibration Prior
Theory None Cramer-Rao Beale PAC-Bayes
Error hypothesis None Gaussian*** Gaussian Bounded
Model hypothesis None Linear*** Linear None

A detailed description of the methods can be found in the documentation section
of https://github.com/BayesianUncertaintyQuantifAnaeroDig/AnaeroDiglQ

* The algorithm approximating Beale’s confidence regions assumes they are connex.
** Through probability distribution class.
*** While Cramer-Rao’s result holds for any statistical model, it only provides an
equality for Gaussian noise and linear model.


https://github.com/BayesianUncertaintyQuantifAnaeroDig/AnaeroDigUQ

Table 5: Parameter selection through Morris sensitivity analysis for ADMI.
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