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Markov Chain Monte Carlo Scheme for Parameter Uncertainty Analysis in Water

Quality Model
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Abstract: Parameter identification plays an important role in environmental model application. Markov Chain Monte Carlo method was
introduced to estimate parameter uncertainty, since usual Bayes discrete methods were not applicable to produce posterior distribution
of complicated environmental model due to the limit of computation. In order to study the performance and efficiency of MCMC, two
case studies were used. Results indicate that, either sampling performance or sampling efficiency, M CM C method both has its special
advantages in producing posterior distribution. Moreover, results of Gelman convergence diagnostics indicate that sampling sequence
can converge Lo a stationary distribution. A key finding was that the MCMC scheme presented herein provided a powerful means of
parameter identification and uncertainty analysis.
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Table 1 Parameters needed to identify in water quality model

R LN Y
K12C 20 CHAE R AR £l a ! 0.05~ 0.35
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K1C PR R PR AR 0! 1.5~ 4
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Fig. 2 Bimodal probability distribution and histogram of

4 000 samples generated using AM
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Table 2

Posterior statistics of Parameters

S8 PSR P Ol ke B BT BN
K12€ 50000 0.2187 0.2000 0.0762 - 0.1575 0.0501 0.3500
K20C 50000 0.0660 0.0518 0.0364 1.4486 0.0101 0.1998
K1C 50000 2.8747 2.5500 0.6006 - 0.0471 1.5010 3.9999
KIRC 50000 0.1208 0.1010 0.0338 0.2504 0.0500 0.2000
NCRB 50000 0.2491 0.2340 0.0288 0.0356 0.2000 0.3000
PCRB 50000 0.0253 0.0274 0.0028 - 0.1216 0.0200 0.0300
KDC 50000 0.0422 0.0370 0.0225 0.8603 0.0100 0.1000
K2 50000 0.1542 0.1580 0.0275 - 0.1762 0.1000 0.2000
K71C 50000 0.0457 0.0262 0.0225 0.6897 0.0100 0.1000
K83C 50000 0.0387 0.0334 0.0155 1.5413 0.0100 0.1000

EEgs

5% 10% 25% 50% 75% 90% 95%
0.0890 0.1145 0.1603 0.2204 0.2814 0.3213 0.3357
0.0228 0.0305 0.0428 0.0566 0.0783 0.1170 0.1478
1.8732 2.0771 2.4303 2.8615 3.3637 3.7051 3.8456
0.0681 0.0780 0.0959 0.1176 0.1444 0.1686 0.1819
0.2048 0.2095 0.2242 0.2483 0.2740 0.2893 0.2944
0.0206 0.0212 0.0228 0.0254 0.0277 0.0290 0.0295
0.0141 0.0179 0.0256 0.0355 0.0549 0.0794 0.0891
0.1078 0.1144 0.1318 0.1564 0.1778 0.1906 0.1948
0.0173 0.0212 0.0281 0.0401 0.0610 0.0817 0.09 7
0.0210 0.0241 0.0290 0.0347 0.0438 0.0597 0.0732
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Table 3 Comparison between results of MCMC and Genetie Algorithm

ZHCARE MCMC s BAESAIUIL MR 25/ %
K12C 0.2000 0.2053 2.6
K20C 0.0518 0.0506 2.5
K1C 2.5500 2.5163 1.3
KIRC 0.1010 0. 1006 0.4
NCRB 0.2140 0.2497 14.3
PCRB 0.0274 0.024 6 11.6
KDC 0.0370 0.0304 21.6
K2 0.1580 0.1513 4.4
K71C 0.026 2 0.0304 13.7
K83C 0.0314 0.0298 5.5
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Fig. 7 Histogram of parameter posterior distribution
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