






of the black solid curve from red dots in Fig. 10(b) demon-
strate filter divergence occurring in EnKF.

5. Conclusions

In this study, a data assimilation method called EnHF based
on the H-infinity filter and ensemble forecasting was intro-
duced into aquifer parameter estimation. The ability of EnHF
to estimate the aquifer hydraulic conductivity with observa-
tions subject to uncertain (inaccurate/spatially/temporally
correlated) errors was numerically investigated, and compared
with that of EnKF, a well-known approach. The main con-
clusions are as follows:

(1) The Kalman filter (and EnKF) was developed to mini-
mize the resulting variance of system states through a variance
weighting strategy (Evensen, 2003), and is thus prone to
perturbations or inaccurate error information, which was
verified in our numerical experiments.

(2) EnHF minimizes the maximum energy transferred from
the input errors of the system and observations to the esti-
mation errors, which causes it to update the model state in a
conservative and persistent manner.

(3) When accurate and perfect observations are used, EnKF
and EnHF yield similar estimation results; the computation
cost seems to be the main advantage of EnKF in such
situation.

(4) When observations are subject to spatially/temporally
correlated noises, EnHF maintains proper performance,
demonstrating good robustness against noises. On the other

Fig. 9. RMSE and W curves of h from EnHF and EnKF in Experiment 1 and Experiments 7 through 11.

Fig. 10. Y estimates and 95% confidence intervals from EnHF and
EnKF in Experiment 11 and comparison of Y estimates with true Y
field.
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hand, the performance of EnKF deteriorates with filter diver-
gence occurring, and stronger correlation in observational er-
rors leads to worse EnKF estimates and more serious filter
divergence.

(5) EnHF is a promising tool for data assimilation, espe-
cially where there is insufficient, inaccurate, or incomplete
observational error information. Hopefully, its capability and
applicability to assimilation of hydrogeophysical data will be
explored and recognized by the hydrogeology community in
the future. This will require further investigation and deeper
thought. A study of two-dimensional/three-dimensional syn-
thetic models and an application to the field will be our next
step.
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