Response to the referee comment for article
hess-2016-313

Note: The text in black is the original comments from the referee, and the text in
blue, headed with “Reply”, is the response from the authors.

General Comments

Comment 1

The focus on drought alleviation in relation to the SNWD seems inappropriate. Rather
the SNWD was developed to deal with the high water demand in North China which
is a problem irrespective of whether drought conditions occur. Further, over-extraction
of groundwater from many areas of North China, especially the North China Plain,
has a much greater and more permanent impact on groundwater storage than droughts.
To ascribe North China’s problems with water as being caused by droughts is an
extreme simplification of the water resources situation there.

Reply: We would like to thank the referee, Dr. Finlayson, for providing useful
comments and suggestions. We are sorry that some expressions in the manuscript
make the referee misunderstand the focus of this study. We do not attempt to attribute
the water problem in North China to droughts. Sure, the SNWD was developed to
relax the water shortage in North China and to facilitate groundwater recovery.
However, the stability and efficiency of the SNWD are significantly impacted by
climate change, especially the extreme weather and climate events (e.g., drought and

flood events). So climate change brings substantial challenge to the operation of the



SNWD.

The primary objective of this study is to identify the recent typical drought event
during 2009/10 in North China using GRACE data. Quantifying water deficit and
persistence for this drought is expected to provide implication for the implementation
of the SNWD project (e.g., the timing and the volume for water transfer), although
this is not the main focus of our study. So we roughly evaluated whether the water
transferred by the project can relieve the water deficit at this level of drought. We will
improve the expressions regarding the focus to avoid misunderstanding.

Comment 2

The introduction is rather divorced from the content of the body of the paper which
focuses on the use of GRACE in analyzing water storage in the NCP region. The
introduction should focus on the main topic of the paper with a review of key papers
from which it can be shown that the work reported in this paper is a worthwhile
development on what has been already done in this field and then go on to show how
this will be achieved.

Reply: Thanks for the kind suggestion. We will add more information about the water
resource condition in North China and briefly review GRACE application with
drought detection.

Comment 3

The Data and Methods Section (Section 2) lacks a clear description of the
methodology of this study. It begins with a rather misleading description of the field

area and describes the GRACE system and data sources, proceeding to say that the



hydrological modeling described is taken from some other source and is not part of
this research. The modeling is reported to have been "evaluated in North China with
acceptable uncertainties™ (lines 147-148) but with no description of what this means.
Reply: Although GRACE data have been widely used to detect water storage
condition, the data need validation for a specific region of interest due to their
uncertainties. Validation of GRACE data is essential for remote sense data (Wang et
al., 2014;Syed et al., 2008). So we employed simulation data from two land surface
models (i.e., VIC and NOAH) and compare the net recharge calculated from GRACE
and the simulations. Moreover, GRACE data require simulation data to isolate
groundwater storage (equation (4)).

At the beginning of section 2.2.2, we stated that “to validate the terrestrial water
storage measurements of GRACE, water fluxes (i.e., runoff and evapotranspiration)
and soil moisture from two land surface models were used in this study”. We did not
perform model simulations and evaluations. Instead, we took data from other studies

in which the simulation data have been well evaluated.

Comment 4

Water resources are heavily used in this region, especially in the southern part on the
North China Plain, so the focus on drought and failure to take more account of
resources use is strange. There is some discussion of this in the section from line 305
to 312, beginning: “One may wonder the role of human over-use of the water

resources." Indeed.



Reply: We agree that heavy use and over-extraction of water resources are interesting
topics and there are lots of studies. Our study focused on the typical drought event,
identifying the drought cycle and the water deficit. Human activities have significant
influence on water storage change. Figure 10 shows that groundwater withdraw
continuously decreased during past decade. Therefore, the water deficit in 2009/10 is
dominated by the drought event. We will provide more discussions on the interaction

of the drought and water use in North China.

Specific Comments

Comment 1

This paper begins with an incorrect statement by claiming that a paper by Palmer
2002 is the source for a statement that “The global climate system has significantly
changed in recent years, leading to an increased frequency of extreme weather and
other disaster events". The paper is actually by Palmer and R&s&nen and it does not
say that there has been a change in recent years leading to increased frequency of
extreme events but rather it discusses the probability of this occurring in the future.
This paper cannot be used to support such a claim for north China. Also, the paper
was written 14 years ago and a lot more has been published on this topic since. |
wonder how many other references used in this paper would stand up to scrutiny?
Reply: Thanks for correcting the inappropriate citation. We will check all citations
and references. Actually, a few studies indicated that the frequency of extreme

weather and climate events has increased during past decades (Leng et al., 2015;Qin



etal., 2015).

Comment 2

Lines 49-50: "Drought frequently occurs in most areas of China and accounts for 35%
of all economic losses from disasters.” No source is given for this specific piece of
information.

Reply: The information is from the book ‘Song, L. C., Z. Y. Deng, and A. X. Dong
(2003), Drought, China Meteorol. Press, Beijing (in Chinese) ’. Similar statement was
also given ina few papers (Ye et al., 2012;Gao and Yang, 2009) .

Comment 3

Line 78: ’SPI’ not defined until line 167.

Reply: It is abbreviated from the Standardized Precipitation Index. We will make the
definition before it appears.

Comment 4

North China, as defined in Fig 1b, is not the area with the most severe water shortage
in China (line 50); only the western part of that area is semi-arid; and based on the
authors’ own map of precipitation distribution (Fig la) it receives a lot more than
500mm/yr.

Reply: Whether the area experiences water shortage depends not only on the water
input (e.g., the precipitation), but also the water demand. North China receives
precipitation more than 500 mm, but its population density is over 500 person/km?.

Particularly, the population density exceeds 1000 person/km? in the eastern part of



North China. With the high population density, rapid increase of water demand for
agriculture and industry necessarily induces the shortage of water resources.
Moreover, the increasing frequency of drought has exacerbated the situation of water
availability.

Comment 5

Line 95: "the average per capita water resource is only 23% of the Chinese average."
Where does this information come from?

Reply: Water shortage is most serious in North China, although the rate (of the
average per capita water resource between North China and the whole of China)
varies according to different studies (Jun, 2010;Li and Mu, 2006).

Comment 6

I cannot agree that the spatial distribution of the LAI reduction in Fig 11b is consistent
with the area of water storage deficit in Fig 6.

Reply: Plant growth is more sensitive to soil moisture storage than the total water
storage generally. So we analyzed the correlation of LAI with soil moisture in space
and time. The relative reductions of LAI and soil moisture were calculated by

Vi—Vc

Red = (1)

Where Red is the relative reduction of LAI (or soil moisture), Vi and V. are the
average in 2009 and the climatology value for LAI (or soil moisture), respectively.
As shown in Figure 1 and 2, LAI and soil moisture have similar distribution in space.

Both of them show significant reductions in the northwest of North China (Part A),

but have minor increases in Part B. Their distributions are not so consistent in the



Southeast (Part C) where there are intensive human activities (e.g., crop cultivation
and groundwater extraction). By and large, LAI and soil moisture storage show great
reductions in the 2009/10 drought event.

Figure 3 presents the time series of the LAI and soil moisture during the plant growth
season (May-October). We can see that the change of LAI agrees well with soil
moisture in time, and their Pearson correlation coefficient is up to 0.74. Moreover,
both of them reach the low points in 2009.

Therefore, the LAI reduction is consistent with the distribution of soil moisture to

the drought.

some degree in space and time. Vegetation growth is substantially constrained during
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Figure 1. Soil moisture deficits in 2009 relative to the average soil moisture conditions.
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Figure 2. LAI Reduction in 2009 relative to the average conditions.
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Figure 3. Soil moisture and LAI during the plant growth season (May-October) in North
China

Comment 7

The authors consistently refer to the probability of precipitation in the drought being
84%. I don’t understand what they mean by this.

Reply: As mentioned in the manuscript in line 239, the percent of 84% is a statistic
which means the probability of precipitation in 2009 during the 53 years (1960 to
2012), indicating a severely dry episode in 2009. We used the Weibull equation
(Helsel D, 2002), p = ﬁ X 100%, where n is the order of the yearly precipitation
(n = 43 for the precipitation in 2009) and m is total number of years (m = 53), then we

got p = 84% for the precipitation in 2009.
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Technical Corrections

Comment 1

Section 2.2.3: Precipitation data from the Chinese Met. Admin. have been gridded
using a 1984 SYMAP system and "extensively verified for runoff, evapotranspiration,
and soil moisture (Zhang et al., 2014)." It is not at all clear what this reference to
Zhang et al means. Their work is a dataset of hydrological fluxes and states at 3 hr
interval for China for the period 1952-2012 developed using gridded data and the VIC
model already referred to earlier in this paper. Zhang et al report that the data set is
available on the web. So have the authors of this paper used the Zhang et al data, and
if so, why don’t they just say so? If they don’t use the Zhang et al data, what do they
use, and why do they refer to Zhang et al in this way?

Reply: Sorry for that the data description may confuse the referee. The precipitation
data used in this study were from Zhang et al (2014). The simulation data of runoff,
evapotranspiration and soil moisture were from two sources: VIC simulation by
Zhang et al (2014) and NOAH simulation in Global Land Data Assimilation System
(GLDADS).

Comment 2

Section 2.3.1. Given the focus in this paper on drought, it is somewhat surprising that
the SPI is simply selected as the drought measure without discussion or reason. What
about the more widely used Palmer Index, or even the drought classification of the
Chinese Meteorological Association. The description of the SPI given in this section

appears to have little relation to what McKee et al wrote. McKee et al say that: "A



drought event for time scale i is defined here as a period in which the SPI is
continuously negative and the SPI reaches a value of -1.0 or less. The drought begins
when the SPI first falls below zero and ends with the positive value of SPI following a
value of -1.0 or less.” (no page number available). In this paper the authors state (lines
178-179): "When the time periods are small (1 or 6 months), the SPI frequently
fluctuates above and below zero (McKee, 1993)." McKee et al do actually say this but
it is in reference to their example of the SPI for Fort Collins. It appears to have no
relevance to the way the SPI should be used in this study. Note also that the text above
is a direct quote from McKee et al though not identified as such. After all that, Section
2.3.1 doesn’t actually tell us how they dealt with the SPI, though there is more on that
in the results.

Reply: The use of the SPI as the drought measure is based on two reasons. First, SPI
is easily calculated and it requires precipitation data only. Second, SPI has its
advantage of characterizing multi-scale atmospheric drought situation (e.g., 1-month,
6-month and 12- month). This multi-scale representation is suitable to detect different
water storage responses. For example, soil moisture storage has a short-term response
(< 1 month) to the precipitation anomaly while groundwater shows a long-term
response (> 6 months). So we employed the SPI in this study to identify the
precipitation deficit and then discuss the changes of total water storage and
groundwater storage.

Certainly, the Palmer Index (generally, the Palmer Drought Severity Index, PDSI) is
also widely used and its calculation depends on precipitation and temperature. It has

10



been most effective in determining long-term drought.

Although the statement by McKee et al (1993) is with respect to a case study, we
argue it is relevant for general situations. The SPI values generally move frequently
around zero for small scales (e.g. 1 month), because it represents the fluctuation of
monthly precipitation. Figure 3a in this study also shows this pattern.

Comment 3

Section 2.3.3. Given the spatial distribution of groundwater gauging stations shown in
Fig 1b, they do not provide a reasonable cover of the whole area of interest. This
matter is not considered at all here in using the first method for estimating GWC.
Large parts of the study area have no data.

Reply: We admit that the ground measurements of groundwater table do not adequate
cover the whole area of interest due to data availability. Based on such data set, the
calculation of groundwater storage condition (the first method) may have substantial
uncertainties. But the measurements are used as auxiliary data to compare with the
GRACE which is primarily applied to detect the changes of water storages. This
method and the data have also been used in a few studies (Huang et al., 2015;Feng et
al., 2013).

Comment 4

Line 235: The usual definition of the hydrological year is that it begins at the month
of lowest flow/precipitation. In that case the hydrological year here would start in
February. So why has it been arbitrarily started in May?

Reply: Vegetation in North China generally begins to grow in May because of

11



favorable air temperature and precipitation. In this study, we attempted to discuss the
drought impact on the vegetation growth. So the hydrological year is defined in

May-April. Similar results can also be found in Barriopedro et al. (2012).
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