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Dear reviewer: Thanks for your comments. This study addressed the overfitting prob-
lem in geostatistical inversion approach. The researchers need to manually select the
estimated parameters based on their experience to avoid over-calibration, an annoying
issue when performing the ensemble algorithm or Monte Carlo simulation. That is to
say, the previous methods are not fully automatic and objective. This study overcome
this issue by proposing a reduced-order geostatistical inversion algorithm that consider
input uncertainty. We further used two synthetic and one real case studies to examine
the proposed method. The results of this study show that the proposed method indeed
provide a more stable and objective estimate of the parameter fields than the approach
without considering input uncertainty. Most importantly, the developed algorithm is to-
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tally automatic and no labor requirement during the inversion procedure.

Regarding to the brick domain, here we refer to the rectangular domain in 2-D (or
brick in 3-D). They are described in the introduction section. Previous reduced order
algorithms require rectangular domain to efficiently decompose the unconditional co-
variance matrix. This requirement comes from the derivation of analytic eigenvalue
and eigenvector of a separable exponential function. The details are discussed in the
introduction and methodology sections as well. The word “dual state-parameter” is not
first used by this study. This word is frequently used in the previous studies related to
parameter and state estimation (e.g., Moradkhani et al. 2005, Sorooshian et al. 2008,
LG et al. 2011, and LU et al. 2013). Since this study address the state and param-
eter estimation in the field of subsurface characterization, we adopt this word “dual
state-parameter” in this study without further explanation. However, according to your
comment, we will further explain it in the introduction section in the next round of review
process.

Moradkhani, H., Sorooshian, S., Gupta, H. V., & Houser, P. R. (2005). Dual state—
parameter estimation of hydrological models using ensemble Kalman filter. Advances
in water resources, 28(2), 135-147.

Sorooshian, S., Hsu, K. L., Coppola, E., Tomassetti, B., Verdecchia, M., & Visconti, G.
(Eds.). (2008). Hydrological modelling and the water cycle: coupling the atmospheric
and hydrological models (Vol. 63). Springer Science & Business Media. Lu, H., Yu, Z.,
Zhu, Y., Drake, S., Hao, Z., & Sudicky, E. A. (2011). Dual state-parameter estimation
of root zone soil moisture by optimal parameter estimation and extended Kalman filter
data assimilation. Advances in water resources, 34(3), 395-406. LU, H., Hou, T,
Horton, R., Zhu, Y., Chen, X,, Jia, Y., ... & Fu, X. (2013). The streamflow estimation
using the Xinanjiang rainfall runoff model and dual state-parameter estimation method.
Journal of Hydrology, 480, 102-114.

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2019-
c2

HESSD

Interactive
comment



https://www.hydrol-earth-syst-sci-discuss.net/
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-622/hess-2019-622-AC1-print.pdf
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-622
http://creativecommons.org/licenses/by/3.0/

622, 2020.

C3

HESSD

Interactive
comment

St


https://www.hydrol-earth-syst-sci-discuss.net/
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-622/hess-2019-622-AC1-print.pdf
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-622
http://creativecommons.org/licenses/by/3.0/

