
0 4 8 12 16
1

1.5

2

Time (days)

V
is

co
si

ty
(×

1
0
0

M
Pa

.s
)

(a)

η̂ η̂fil

0 4 8 12 16
35

36

37

38

Time (days)

Fr
ic

tio
n

an
gl

e
(◦

)

(b)

ϕ̂ ϕ̂avg

0 4 8 12 16
0

10

20

30

Time (days)

D
k

(c)

Dk χ2

0 4 8 12 16
0

1

2

3

Time (days)

D
is

pl
ac

em
en

t(
m

)

(d)

d̂ dmea

0 4 8 12 16
8

8.5

9

9.5

Time (days)

W
at

er
ta

bl
e

he
ig

ht
(m

)

(e)
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Figure 5. Initial estimation results for Super-Sauze case with real data and observer coefficient values γ = 0.95, W = 7.7× 10−6, Q=

10−12I3×3: (a)-(b) parameter estimates (η̂,ϕ̂), filtered viscosity η̂fil and averaged friction angle ϕ̂avg , (c) Mahalanobis distance between

estimated and measured displacement Dk, (d) displacement estimate d̂ and displacement measurement dmea, (e) critical water table height

estimate ŵcrit
t and water table height measurement wk

t , (f) resetting times of the covariance matrix.

Table 2. Sensitivity analysis for tuning observer coefficients γ and Q based on Super-Sauze synthetic test case: values of indicator Iη

(minimum value is highlighted in bold).

γ/Q 10−13 10−12 10−11 10−10

0.95 0.7768 0.5244 0.4666 0.5628

0.96 0.7666 0.5128 0.4531 0.5534

0.93 0.7628 0.5022 0.4005 0.4501

0.92 0.7657 0.6103 0.5130 0.5567

case with condition W ≈Wm, and tuning γ and Q with the indicator for a synthetic test case, is continued. After 6 iterations,

consistency in parameter estimates is obtained between the synthetic test case (Fig. 7 (a)-(b)) and the actual case (Fig. 8 (a)-

(b)). In both cases, the average value of the estimated friction angle is found to be equal to 36.8◦, while approximately similar250

variations in estimated viscosity are observed.
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