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Context and Objective Model Hypotheses:
— Water elevation controlled so

Weak form-based objective functions (WOF) can be a good alternative to the classical distance-based Continuity and transport/degradation equations: that A independent of time
functions (DOF) for model calibration [1]. WOF are monotone with respect to a given parameter when section: 4 | 0A(x,t) | 0Q(x,1) => () independent of space
the sensitivity of the model output keeps a constant sign; then: discharge: Q 97 | . =0 — k(t) piecewise linear
— The calibration problem is changed from an optimization problem into a root finding problem , ,
— WOF are less prone to local extrema (when one parameter is to be calibrated, they have a single op- contaminant concentration: C aAC(:E’ t) | aQC(aj’ t) — —k’(t)AC’(x, t) k(t) = Z Kn€n

timum) degradation coefficient: k Ot Ox S n
— When several parameters are calibrated, their redundancy can be assessed by superimposing the Simplified system k €n

contour lines of different WOF. " ]
The objective is to apply WOF to the calibration of the degradation coefficient (k(t) depending on flow velocity: UZQ/A . = _X><\
time) of a 1D pollutant transport/degradation model. - 51 \-)75

4 i i Drawbacks of WOF: A
X
s Appl |Cat|0n several values of (k1,k3) give acceptable

* xObserved Calibration process

— Computed

— Requires observations / measurements

- The primary variable C(x,t) cannot be measured easily

- Use of a secondary variable: C(L,t) at the outlet
? what does

¢ «asclose as possible» — Model output «as close as possible» to the data

mean?

— Classical measures of closeness (DOF): D,, = Z e|?
N

— Weak form-based (monotone wrtk): W, = Z ele|”
el

Calibration of 1 parameter & _with WOF: Model e”‘(’ré |
€ — im — b
— Choose a value for p and solve Wp(kn)=0 using e.g. ) > obs
Newton’s algorithm : X
W, oC Te
ki _ kz p : I __ p—1 _ X X .
+1 W with W = ple/’™ "x,, and x5, TS /-
With y,, obtained by solving the sensitivity equation: W,
Oxn(x,t) Oxn(x,t)
L 4z, t L~ = —k(t v, t) —e,C(z,t 5
Calibration of n parameters k_with WOF T

— Find the intersection of n WOF with n values for p.

+1

=t ~ ™=

[/

— oK
l l m 0 &£ *HydroSciences Montpellier UMR 5569
, " / Universite Montpellier 2, France
UNIVERSITE MONTPELLIER 2 g .
Institut de recherche SCIENCES £T TECHNOUES s o) contact: delenne@msem.univ-montp?2.fr
pour le développement Université Montpellier 1

‘0:0.‘0‘.0'.’
‘o'*

Test 1 Generation of «observed» values with all parameters constant. values of Wp (error compensation):

C(z,0) = Cy i i =R X XXX X x X % X
’ W\ S SN Wi
u(z,t) = Uin ;
C'(0,t) = Ciy
k(t) = K \ | .
| Each parameter calibrated using all the measurements
Calibration of 3 k \ BUT
3 ko k1 a parameter should not be calibrated using non-sensi-
k(t) = Z Kné€n tive output for that parameter
n=1 1 C'insensitive to k3
4 200 ¢ (days)
. . . . 0.0 —
Test 2 Generation of «observed» values with variable, noisy
input and «measurement» uncertainty
C(z,0) =0.1 g/l Ci l9gl)
variable & noisy . X2
u(xz,t) =25 +10% (m/day) 0.12 - nout . X3
++ ++ _ . e s
ky, = {0.02;0.05;0.06;0.04} . . . Y1 => multiply the error by the sensitivity
L * w gives more weight to the error when
1 M et +* 1.6 - the solution is sensitive to the parame-
/(/\ a, : ter and avoid compensations.
L
)t 0.06 - ) ;(days) )
200
C. (g/) (
\ o Conclusions
0.11 - Convergence in 12 iterations
+ — Simulati , |
. ,\X:;Sar::,ents from — Weak form-based OF proves easier to use than distance-
va Measurement k. =1{0.0420.042 0.042 0.042} based OF in practice
< uncertainty (+-10%) to — It is well-admitted that calibration and validation should be
£={0.025 0.048 0.055 0.044} carried out using different data sets; we may also admit
that they should be carried out using different types of OF!
— Sensitivity analysis can help select measurements to be
used for calibration of any given parameter
t (days)
0.02 - — Reference:
\ 200 y 1 bration theoretteal anahersof distance. and wesk formehasect funcions, ournal of ycholagy, It ress.




