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inside and outside of an arbitrary boundary: Application to Guantao County, North
China Plain” submitted to HESS.

General comments: This paper presents a decomposition technique to describe the
contributions to groundwater heads from inside and outside drivers. This technique
could provide useful information for groundwater management of an administrative unit.
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Guantao County of Hebei Province, China, serves as an example to demonstrate the
decomposition technique, and this technique is implemented by building three ground-
water models. This manuscript is well organized and easy to read.

Building reliable groundwater models is crucial to this technique, and the results de-
pends on accurate groundwater models. I have some questions on these groundwater
models (e.g., calibration, model parameters) and the results of this paper, please see
the specific comments below. Therefore, these questions should be clarified before
publication, and a moderate revision is recommended to this paper.

Specific comments: 1. As for the unsaturated zone of study area with a thickness of
20m, although there is no phreatic evaporation from the aquifer, the evapotranspiration
process of recharge to groundwater (e.g., precipitation or irrigation) is not neglectable,
because some precipitation can’t contribute to effective groundwater recharge due to
this thick unsaturated zone. As stated at line 23-24 of page 9, “The water input for the
groundwater surface equals precipitation plus irrigation minus evaporation and evapo-
transpiration,” and how to evaluate this process.

1.1 Response

We do not simulate the soil water processes. Our recharge simulation starts at the
depth of the soil water shed. The amount of water arriving at this depth is the total
water input by irrigation and precipitation minus all losses by evapotranspiration, which
are assumed to be a fixed percentage of total input. The simulation of the soil column
down to the water table is necessary, as given the large depths to groundwater of
more than 20 m, there is a considerable delay and temporal redistribution of the net
input. It is the flux at the water table which – together with abstraction by pumping - is
responsible for the groundwater level dynamics.

1.2 Modification

The paragraph on page 9 is changed as follows:” The groundwater recharge is ob-
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tained from the calibrated steady state model as a percentage of total precipitation
plus irrigation, which enters the soil column below the root zone. Monthly inputs are
computed according to rainfall and irrigation events with this constant recharge ratio.
Due to the large depth to groundwater of 20 m and more the input is delayed and
attenuated. The final temporal distribution of the flux at the groundwater table is calcu-
lated in the Hydrus simulation. The upper boundary of the column is implemented as
an atmospheric boundary while a free drainage condition is implemented at the lower
boundary. . ...”

2. The amount of groundwater pumping Q is an important input for groundwater model,
especially when the observed water head of the pumping well is used for model cal-
ibration. Is this parameter Q calibrated by using PEST? It would be nice to give a
summarized information about the calibrated model parameters and their prescribed
ranges.

2.1Response

Generally the pumping rates are among the collected input data for the groundwater
model. After analyzing the available time series of collected pumping rates, several
yearly data are questioned. The reason is shown in the first paragraph on page 5 “The
pumping rate for irrigation is highly dependent on precipitation in the NCP. Pumping
rates are generally less in years with higher precipitation. Hence, the data point for
2003 showing a combination of higher precipitation with a larger pumping rate is ques-
tionable. The sudden significant decrease in the reported pumping rate after 2006 is
also questionable as there were hardly any changes in cropping area, crop types and
irrigation methods.” Therefore, the pumping rates for these years are adjusted during
the manual calibration of the transient state model. PEST in our case is only used to
calibrate the steady state model.

2.2 Modification

The paragraph on page 5 is changed as “Therefore, the pumping rates for these years
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will be adjusted during manual calibration of the transient numerical model.”

3. According to the line 30-32 of page 9, the PEST is used to calibrated the parameters
of steady state model, and then these parameters are used for the transient model,
and the parameter specific yield is adjusted manually. I think the calibrated parameters
from steady state model used for transient model may be problematic, because the two
models have different input-output relationship. Why not calibrate the transient model
by PEST?

3.1 Response

The input and output items used for the two models are the same. The transient model
uses the time series data between 2003 to 2012 while the steady state model uses the
averages of inputs and outputs in the period from 2003 to 2011. This is feasible as the
head averaged over all observations at the end of 2002 is almost identical to that at
the end of 2011, implying an average steady state over that period. The steady state
model describes the average behavior over the whole period while the transient model
describes the transient behavior within that period. As the model is basically linear, the
input-output relationships of the two models should be the same. I agree that one can
calibrate all parameters in the transient model using PEST.

3.2 Modification

No modification.

4. Line 17 of page 12. The transient model has four specific yield variables, are these
variables have fixed proportional relationship? otherwise, it is difficult to adjust these
variables manually.

4.1 Response

These variables have no fixed proportional relationship. The manual adjustment is
based on the observed groundwater level amplitudes in the respective zones and their
absolute calibrated values contain some subjectivity.
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4.2 Modification

Changes are made on page12:” The manually calibrated values are to some extent
subjective.”

5. Line 23-27 of page 12, and the first half of page 13, the fitting results are used to
represent the performance of model calibration. However, I think the data could be
divided into two parts, one for model calibration, and the other for model validation.

5.1 Response

We agree that you could divide the data into two parts to calibrate and validate (split
sampling). If one can fit the whole time series well with one set of parameters obtained
by using all data available, that set will also perform well in a split sample procedure.

5.2 Modification

No modification.

6. What’s the definition of the “sensitivity” in Table 1, or how to calculate it in this paper?

6.1 Response

The parameter sensitivities are obtained by running PEST. They are stored in the file
*.sen. The sensitivity here refers to the composite parameter sensitivity in PEST which
is defined as S(c,i)=sqrt((Jˆt QJ)ii )/n Where J is the Jacobian matrix, Q is the weight
matrix, n is the number of observations, i is the ith parameter.

6.2 Modification

Changes are made on page 11: “The parameter (composite) sensitivities are automat-
ically computed by PEST and saved in the file *.sen . They are calculated according to
the weighted Jacobian matrix and the number of observations (Doherty, 2003).”

7. It would be nice to quantify the contributions of inside and outside drivers to the
overall groundwater flow field of Guantao county, such as the **% average variation of
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Guantao’s groundwater flow field is contributed by the inside drives, . . ., because this
information is of interest to the manager of local water resources administration.

7.1 Response

We totally agree.

7.2 Modification

Changes are made on page 17: “In brief, the groundwater head changes over time in
the whole of Guantao County is around 0.12 m, of which -1.9 m is caused by inside
contributions and +2.06 m is due to outside contributions. This amounts to an aggre-
gated change of groundwater head over time of 3.96 m, of which 48% are contributed
by inside drivers, while 52% are contributed by outside drivers. ”

The information is also added in the abstract and conclusion part.

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018-
617, 2019.
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