Bayesian data-worth analysis for unsaturated soil hydraulic parameter estimation
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K(h) Is the hydraulic conductivity function, which Is described by van Genuchten-Mualem
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A;(6) Is the apparent thermal conductivity given by
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The posterior distribution of model parameters m can be obtained by assimilating the
measurements d according to Bayes’ theorem

p(m |dy = PIMPEIM) o)L (m) )

In this study, we resorted to sampling the posterior distribution by MCMC.

The expected utility rooted In relative entropy Is used to guantify the information content
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Figure 2. Posterior probability distributions of estimated
parameters

Table 2. Data-worth values of different types of Table 3. Data-worth values of measurements sampled from

measurements with five measurement error levels.

Standard deviations of
measurement error
(W: cm3 cm3; T: °C)

W

T

oy = 0.01,0:=0.2

6.180(0.010)

10.051(0.005)

oy =0.02,0:=04

4.328(0.008)

8.711(0.010)

gy = 0.03, 0 =0.6

3.441(0.010)

7.414(0.008)

ow = 0.04, 0 =0.8

2.902(0.007)

6.436(0.013)

oy = 0.05,0:=1.0

2.541(0.007)

5.718(0.008)
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Figure 1. The study domain, boundary
conditions and three observation locations.
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 The results shown in Figures (2, 3) were obtained by aSS|m|Iat|ng water content and temperature
:measurements with error levels of oy, = 0.01 cm3 cm, o, = 1.0 °C.

different  observation locations with typical in-situ
measurement error levels of g,, = 0.03 cm?3 cm, g; = 1.0 °C.
P w T w
O1 1.308(0.005) | 3.454(0.008) | 3.802(0.005)
02 2.135(0.008) | 3.938(0.007) | 4.499(0.005)
O3 2.594(0.004) | 3.121(0.006) | 4.104(0.005)
0102 2.603(0.006) | 5.010(0.013) | 5.605(0.009)
0103 3.024(0.004) | 4.716(0.010) | 5.655(0.009)
0203 3.093(0.007) | 4.834(0.007) | 5.801(0.008)
010203 | 3.441(0.010) | 5.718(0.008) | 6.594(0.010)

Note: W: water content; T: temperature; WT: water content + temperature.

v" The information content of the measurement decreased as the measurement error level increased.;
v" With the typical in-situ measurement error level, the temperature data were more informative than the water
content measurements, and jointly assimilating these two types of measurements provided non-redundant

iInformation.
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