
Nat. Hazards Earth Syst. Sci. Discuss.,
doi:10.5194/nhess-2017-72-AC4, 2017
© Author(s) 2017. CC-BY 3.0 License.

Interactive comment on “Measuring and
Characterizing Community Recovery to
Earthquake: the Case of 2008 Wenchuan
Earthquake, China” by Jie Liu et al.

Jie Liu et al.

liujie198643@163.com

Received and published: 12 April 2017

Dear Referee:

At first, we would like to express our great appreciation to you for your comments on our
paper entitled "Measuring and Characterizing Community Recovery to Earthquake: the
Case of 2008 Wenchuan Earthquake, China" (ID: nhess-2017-72). Those comments
are all valuable and very helpful for revising and improving the quality of our paper,
made our paper more readable and clear, as well as the important guiding significance
to our researches. We have studied comments carefully and realized the problems and
deficiency of my manuscript, so we have revised our manuscript carefully and seriously
according to your comments, which we hope meet with approval. The revised paper
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has been uploaded in the supplement file, and the added and revised sentences and
paragraphs have been marked red in the revised paper. The main corrections in the
paper and the responds to your comments are as following:

1.Comments: The authors develop a methodology for the “quantitative” measurement
of community recovery. However, the method they present is not quantitative since the
assessment or quantification of recovery is expressed through an abstract “score” and
not a tangible value such as time, monetary value, number of people etc.

Answer: As the referee said, in our paper, we have presented a framework for defining
community recovery and using the indicator of recovery score which can be expressed
by the value of recovery speed to assess it. So in the revised paper, we have replaced
“measure”, “measurement” or “measuring” with “assess”, “assessment” or “assessing”.
We wish this term can provide a clearer interpretation of the quantitative measurement
we have proposed in this paper.

2.Comments: The authors do not demonstrate the usefulness and potential application
of this method. Who are the potential end users and how can they make use of the
method or the results?

Answer: According to the referee’s comments, we have added the purpose of our
paper section 1 introduction (page 4, line 236-271). We have illustrated that “After
2008 Wenchuan Earthquake, Chinese Central Government have provided disaster as-
sistance and developed many recovery programs for the impacted communities. The
total investment of these recovery programs is 1 trillion yuan. The local government
officials take the most important role in the post-disaster recovery. So when these
emergency response activities and programs carried out, challenges must be faced
and key decisions made included of Chinese Central Government is to assess the
recovery capacity and performance.” “Wenchuan Earthquake provides an important
opportunity to learn from the decisions made by the local governments and their con-
sequences for recovery. So the intended outcome of this paper is to propose a new,
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practical method for assessing and characterizing community recovery to earthquake
in four dimensions, and applied it to Wenchuan Community. The final products of our
research provide insights for Chinese Central Government to assess and measure the
recovery capacity and performance of local government officials of Wenchuan, in order
to maximize the overall post-disaster community recovery by prioritizing efforts, and
formulating effective, operational and valuable reconstruction strategies and policies in
the future.” So the usefulness and potential application of this method is to provide
insights for Chinese Central Government to assess and measure the recovery capac-
ity and performance of local government officials of Wenchuan. Especially we have
added the section 3.3 Core dimensions and indicators of community recovery (page
13, line 660-page 14, line 733) to provide a clearer explanation of why we use these
dimensions and indicators to assess the community recovery. That is “performing the
core dimensions and indicators of community recovery, it is necessary to answer the
question the community recovery “of what” and “to what” should be the most concerned
by Chinese Central Government. In addition, the choice of the core dimensions and
indicators of community recovery depends on the particular case (Wenchuan) for as-
sessment, as well as on availability of data”. And “according to the characteristics of
earthquake disaster, and in order to better interpret all aspects of community recovery,
a total of 15 interviews involving 20 experts were conducted to judge and choose the
core dimensions and indicators of community recovery, which can significantly reflect
local government capacity the recovery capacity and performance of local government
officials. All of these experts were organizational specialists on post-disaster recovery
and reconstruction from National Workplace Emergency Management Center which
can be the decision-makers of assessing and measuring the recovery capacity and
performance of local government officials”. Furthermore “core dimensions and indi-
cators of community recovery was defined and choose on the basis of three stages:
first, the dimensions was developed from a systematic analysis of existing recovery
assessment literature, which gathered together a set of qualitative indicators of com-
munity recovery; and second, that the expert interview collectively represented the

C3

entire dimensions and indicators for the experts to judge the most important core indi-
cators of each dimension. Last, we captured and summarized the experts judgments
of the core dimensions and indicators of community recovery. That four core indica-
tors were chose to assess the four dimensions of community recovery, which included:
(a) population recovery, assessed by the recovered quality of the interviewed affected
families; (b) economy recovery, assessed by the recovered quality of gross domestic
product (GDP); (c) building recovery, assessed by the recovered quality of damaged or
destroyed buildings, and (d) infrastructure recovery, assessed by the recovered qual-
ity of key infrastructure system (e.g. electricity, roads, telecommunications, and water
supply).”

3.Comments: The presentation of the method is rather confusing. Inconsistency in
using some terms is contributing to this confusion. For example, in Figure 3 recovery
is represented by curve. Later on in page 10 recovery equals the tan of angle a. Why
“Area 1” equals “Area 2” in page 10, line 279? It is not clear which area is area 1 and
which is area 2 in Figure 5.

Answer: We are very sorry that we can’t provide a clear explanations of the definition
and assessment method of the community recovery. So in the revised paper, we have
rewritten the section 3 Data and Methods and redrawn the figures (Figure 4, 5, 6) so
that the readers can understand how to measure the community recovery in this paper.
The added and revised sentences and paragraphs which used to illustrate the assess-
ment method of the community recovery have been mainly in the section 3.2 Defining
and assessing the community recovery to earthquake (the page 8 to 13) of the revised
paper, and marked red. For example, 1) Page 8, line 447-Page9, line 475: We pro-
vided a clearer explanations of the four properties of resilience (4R’s) which proposed
by Bruneau et al., 2003. And the recover time which was from the term of rapidity in the
four properties was always used to define and assess the community recovery before.
2) Page 9, line 476-page 10, line 538: We illustrated the concept of resilience triangle
(Figure 4) and the calculation formula of resilience (page 10, line 531). In the concept
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of resilience triangle, the recovery time is taken to assess community recovery. 3) Page
11,line 567-page 12, line 656: We provided a clearer explanations of the assessment
method of the community recovery to earthquake. That is we extended the original
concept of resilience triangle and used the term of rapidity from four properties of re-
silience (4R’s). So the speed at which the community recovers to achieve a desired
state can be used in our paper to assess the community recovery. Figure 6 sketched
the assessment framework of the community recovery we proposed in this section.
And the recovery score (RS) is formulated as the following two-stage stochastic pro-
gram from page 12, line 628 to page 12, line 656. 4) We have illustrated the reason
why we use the parameter of recovery speed to assess the community recovery. And
the advantages of using the parameter of recovery speed, the disadvantages of using
the parameter of recovery time in ‘resilience triangle’ which is the classic parameters
to assess community recovery have been illustrated in page 10, line 539-page 11, line
562.

4.Comments: The use of some terms have been also unclear throughout the text.
According to the authors, (page 9, lines 259-267) extent of damage, robustness and
system functionality is the same thing. (“Robustness (. . .) is considered to be the
extent of damage of the community”).

Answer: We are very sorry that we can’t provide a clearer explanation of some terms
we used in this paper. So according to the referee’s comments, in the revised paper,
we have redrawn the figures (Figure 4, 5, 6) in section 3.2 Defining and assessing the
community recovery to earthquake (the page 8 to 13), and illustrated these terms in
detail. For example: 1)We have added the explanation of the four properties of re-
silience (4R’s) proposed by Bruneau et al. (2003) including robustness, redundancy,
resourcefulness, and rapidity in page 8, line 447-page 9, line 475. 2)We have added
the explanation of the definition of resilience by using “resilience triangle” in page 9,
line 476-page 10, line 538. And figure 4 have illustrated the concept of resilience trian-
gle. Some key terms have been expressed in detail, such as Q(t) has been defined for

C5

the percentage ‘functionality’ (or ‘quality’, or ‘serviceability’) of a community. And t is
time, an earthquake occurs at time t0, the community is completely repaired at time t1.
R has been the loss of community resilience. 3)We have added the explanation of the
assessing process of the community recovery in page 12, line 625-656. That the re-
covery score has been formulated as the following two-stage stochastic program. And
figure 6 has sketched the assessment framework of the community recovery. Some
key terms have been expressed in detail, such as Rcurve is the loss of resilience expe-
rienced by the community in the curve functionality recovery path; Rlinear is the loss of
resilience experienced by the community in the linear functionality recovery path; RS
is recovery score that can be expressed by the value of recovery speed; Q(t)curve is
the percentage functionality of the community in the curve functionality recovery path;
Q(t)linear is the percentage functionality of the community in the linear functionality
recovery path; Q(t0)linear is the percentage functionality of the community at the time
of earthquake occurrence in the linear functionality recovery path; t0 is the time instant
when the earthquake occurs; t1 is the length of recover time in the curve functionality
recovery path; t2 is the length of recover time in the linear functionality recovery path;is
the tangent angle of the linear functionality recovery path.

5.Comments: Figures 7, 9, 10, 11 should be better explained: What is the dotted red
line? What is the difference with the blue one? What are the blue dots? What do the
colors mean (light blue, pink, grey etc.)? Why in some figures time starts before 2008?

Answer: We are very sorry that we can’t provide a clear explanations of the assessment
results of Wenchuan’s recovery to earthquake. According to the referee’s comments, in
the revised paper, we have redrawn the figures (Figure 7, 8, 9, 10, 11), and rewritten the
section 4 Results to help readers to understand what we can obtain from the methods
and how to interpret it. 1)The meaning of the colors in these figures has been illustrated
in page 14, line 768-line 802. That is “according to the time phases of community
recovery proposed by Rubin(1985), National Research Council (2011) and FEMA, we
divided the recovery and reconstruction process into three interrelated phases (shown
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in Figure 7), which can be used to determine the recovery degree of four dimensions
of community recovery at different time phases: short-term (marked red), intermediate
recovery(marked yellow), and long-term recovery (marked blue)”. 2)The meaning of
the black curve, red dotted line and other lines has been illustrated in the 4 dimensions
of community recovery respectively (section 4.1-4.4). Such as the black curve plotted in
the figures have shown the actual recovered process of the 4 dimensions (population,
economy, building and infrastructure) in months following the earthquake disaster. Red
dotted line plotted in these figures have shown the approximate recovered process of
the 4 dimensions (population, economy, building and infrastructure), which is calculated
by the assessment method we proposed in 3.2. The x-axis in these figures has shown
the months following the earthquake disaster. The y-axis in these figures has shown
the recovered quality of the 4 dimensions (percent).

6.Comments: The recovery scores presented in page 10, line 289 are rather unclear.
What are the values in brackets? The tan of the angle? If this is the case how do you
say that the Rpopulation=98.46 belongs to the high recovery level?

Answer: We are very sorry that we can’t provide a clear explanations of the assess-
ment results of Wenchuan’s recovery to earthquake. So in the revised paper, we have
rewritten the section 4 Results to help readers to understand what we can obtain from
the methods and how to interpret it. For example: 1) We have provided a explanation
of the interrelated phases of the recovery and reconstruction process(page 14, line
768-802). That we have divided the recovery and reconstruction process into three
interrelated phases (shown in Figure 7), which can be used to determine the recovery
degree of four dimensions of community recovery at different time phases . 2) We have
moved the concept of 4 dimensions of community recovery respectively into 4.1-4.4.
And we have added a lot of explanation of the assessment results of each dimension of
Wenchuan’s recovery to earthquake, which has been marked red (page 15, line 814-
page 20, line 1151). And all of the Figures (figure 8-11) have been redrawn. We wish
these revision can provide a clearer interpretation of the assessment results. 3) We
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have provided a clearer explanation of the recovery levels in page 14, line 743-767.
In the revised paper, “three levels (low-recovery, medium-recovery, high-recovery) with
the recovery scores are adopted in this study to assess the degree of recovery. So the
low-recovery level belongs to the calculation of the recovery score RS as [0-0.577] and
the tangent angle α as [0◦-30◦], the medium-recovery level belongs to the calculation of
the recovery score RS as [0.577-1.732] and the tangent angle α as (30◦-60◦], the high-
recovery level belongs to the calculation of the recovery score RS as [1.732-+∞] and
the tangent angle α as (60◦-90◦]. The calculation results suggest that the economic re-
covery which can be obtained by the recovery score RSeconomy=1.15 is the minimum
value in the four dimensions, and the infrastructure recovery which can be obtained by
the recovery score RSinfrastructure=135.19 is maximum value in the four dimensions.
And the economic recovery of Wenhuan which belongs to the medium-recovery level,
the population, buildings and infrastructure recovery belong to the high-recovery level”.

7.Comments: What do you mean with maximum and minimum recovery (p.10, line
291)? Minimum recovery should be 0!

Answer: We are very sorry we can’t provide a clearer explanation of the maximum and
minimum recovery. We have provided a clearer explanation of the maximum and min-
imum recovery in page 14, line 756-763. That is “The calculation results suggest that
the economic recovery which can be obtained by the recovery score RSeconomy=1.15
is the minimum value in the four dimensions, and the infrastructure recovery which can
be obtained by the recovery score RSinfrastructure=135.19 is maximum value in the
four dimensions”.

8.Comments: Figure 6 makes no sense to me. How can we put all the different dimen-
sions together starting with a system function 0? System function is not the same for
the different dimension. (By the way system infrastructure is missing from the figure)

Answer: According to the referee’s comments, we also think the figure 6 makes no
sense to this paper. So we have deleted this figure in the revised paper.
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9.Comments: More discussion about the X (extend of damage) is needed. How can
this be expressed? If it is a percentage how can we measure the percentage of func-
tionality loss of e.g. infrastructure? Is this extend of damage the same for each dimen-
sion (population, economic, building, infrastructure)? Certainly not. If this is the case
why do all Figures (7,9,10,11) start from system functionality 0? The dimensions are
not comparable also because apart from the “extend of damage” also “time” is different.
It is not possible to recover the buildings in one month, however, a successful recovery
of population the way this is defined by the authors (recovery of injured people) should
last less.

Answer: 1) We are very sorry that we can’t provide a clearer explanation of the figures
(figure 8-11) in the section 4 Results. So all of the figures (figure 8-11) have been re-
drawn. And each figure which has shown the assessment result of the four dimensions
(population, economy, building and infrastructure) of Wenchuan recovery has been il-
lustrated in detail in the section 4.1 (page 15, line 814-page 16, line 893), 4.2 (page
16, line 898-page 17, line 1002), 4.3 (page 18, line 1007-1078), 4.4 (page 19, line
1082-page 20, line 1148), and marked red in these sections. We wish these revision
can provide a clearer interpretation of the assessment results. 2) The meaning of the
x-axis has been from the “resilience triangle” proposed by Bruneau et al. (2003), which
we have clearly illustrated its definition in page 9, line 476-page 10, line 538. And fig-
ure 4 have illustrated the concept of resilience triangle. In figure 4, the x-axis has been
the quality of system, which is Q(t) that been defined for the percentage ‘functionality’
(or ‘quality’, or ‘serviceability’) of a community. And the y-axis has been the time, that
the earthquake occurs at time t0, the community is completely repaired at time t1. In
our assessment method of community recovery, we have extended the original con-
cept of resilience triangle and use the term of rapidity from four properties of resilience
(4R’s) (Bruneau et al., 2003) to assess community recovery, which refers to how fast
the community returns towards equilibrium after the earthquake. So in the analysis of
assessment results(section 4.1-4.4), the meaning of the terms used in the figures have
been illustrated, including the x-axis in these figures has shown the months following
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the earthquake disaster, the y-axis in these figures has shown the recovered quality
of the 4 dimensions (percent), RS is recovery score of the 4 dimensions that can be
expressed by the value of recovery speed, is the tangent angle of of the 4 dimensions
of the linear functionality recovery path.

10.Comments: Why do the time in Figures 9 extends to 2018? Is there some prediction
for the future in there that is not described thoroughly in the text?

Answer: We are very sorry that we can’t provide a clear explanations of the assess-
ment results of Wenchuan’s recovery to earthquake. So in the revised paper, we have
rewritten the section 4 Results to help readers to understand what we can obtain from
the methods and how to interpret it. Figures 9 (page 17, line 1004) have been re-
drawn. The reason why the time in Figure 9 extends to 2018 has been illustrated in
page 16, line 909-page 17, line 971. That “the statistical data of the gross domestic
product (GDP) which we have used to assess the economy recovery is in the period
from 2008-2016. But until 2016, statistical data shows that Wenchuan’s GDP did not
attain pre-disaster levels, which briefly recovered to 60 percent of the entire quality. So
we assumes that the GDP after 2016 increases as the average growth rate (25.2%) of
8 years after the earthquake (2008-2016), and finally it recovered to the pre-disaster
level in 2018”.

11.Comments: Why do Figures 7, 9, 10, 11 start with from 0? Do you assume that
from the time of the event the functionality fell so low?

Answer: 1)We are very sorry that we can’t provide a clearer explanation of the figures
(figure 8-11) in the section 4 Results. So all of the figures (figure 8-11) have been re-
drawn. And each figure which has shown the assessment result of the four dimensions
(population, economy, building and infrastructure) of Wenchuan recovery has been il-
lustrated in detail in the section 4.1 (page 15, line 814-page 16, line 893), 4.2 (page 16,
line 898-page 17, line 1002), 4.3 (page 18, line 1007-page 19, line 1078), 4.4 (page
19, line 1082-1148), and marked red in these sections. We wish these revision can
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provide a clearer interpretation of the assessment results. 2) In the revised section
4.1-4.4, the meaning of the terms used in the figures have been illustrated, including
the x-axis in these figures has shown the months following the earthquake disaster,
the y-axis in these figures has shown the recovered quality of the 4 dimensions (per-
cent), RS is recovery score of the 4 dimensions that can be expressed by the value
of recovery speed, is the tangent angle of of the 4 dimensions of the linear functional-
ity recovery path. The data of damage extent of each dimension after the Wenchuan
Earthquake were obtained from the reports on the work of the Wenchuan government
from 2008 to 2016, and gathered by combining different sources (e.g., research report,
government report, government agency and website) following the Wenchuan Earth-
quake. These data sources has been explained clearly in the section 3.1 Data Sources
(page 6, line 348-page 8, line 414). Owing to the huge destructive earthquake, four di-
mensions (population, economy, building and infrastructure) of Wenchuan has been
seriously damaged. For example, after the Wechuan Earthquake occurred, more than
80% families and population were severely injured, even homeless (page 15, line 847-
850). And after the Wechuan Earthquake occurred, the GDP of Wenchuan is only
22.53% of the pre-disaster status (page 16, line 919-921). And the status of build-
ings of Wenchuan before the earthquake disaster can be set as the initial pre-disaster
status, and more than 90 percent of these buildings were damaged even destroyed in
Wenchuan Earthquake (page 18, line 1020-1025), and so on.

12. Comments: Finally, the authors do not list their assumption and uncertainties re-
lated to their research. It would be a good idea to list all the assumptions or aspects that
although they were important they were impossible to be implemented in the present
research. They should also include some possible future developments of the present
study.

Answer: According to the referee’s comments, we have added the limitations and our
future research in the section 6 conclusion (page 23, line 1323-page 24, line 1391).
For example: 1)The limitations of our paper including “First, the approach is focused
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on one specific earthquake scenario (Wenchuan Earthquake) and one specific com-
munity (Wenchuan). Consequently, variations in effects across other potential earth-
quakes and other characteristics of communities were not discussed”. “Second, as-
sessing community recovery is focused on describing core dimensions and indicators
which can used by the decision-makers to assess and measure the recovery capacity
and performance of local government officials (for example, identifying GDP to as-
sess economy recovery), not considering other economic or social indicators, such as
personal income, poverty, and unemployment, and so on, in assessing patterns and
progress of community recovery”. “Third, the statistical data used to assess different
dimensions of community recovery are likely to be sparser and less reliable, special
surveys or arrangements with data collecting authorities may then be necessary in
the future research”. “Last, core indicators of community recovery was defined and
chose on the basis of expert interview, these experts we interviewed are all from one
organization (National Workplace Emergency Management Center), who may not al-
ways have a complete understanding of community recovery”. 2)Our future research
including “Quantitative indicators of community recovery should be used as a bench-
mark or reference for more in-depth study, which can be used systematically by local
governments and researchers to monitor complex recovery processes”. “Validation
may be possible in the future through expanded databases of the consequences of
earthquakes for comparable regions, in order to give the operator a wider and deeper
insight in the recovery patterns of different communities”. “The concept framework of
community recovery should be evaluated and revised more efficiently and effectively by
collecting and analyzing a large number of expert judgments”. “Considering long-term
recovery and reconstruction, the framework should be extended in order to perform a
dynamic assessment model of community recovery, where time-dependent indicators
reflect post-disaster recovery capacity and performance of local government officials
over time”. “Learning from the past recovery and rebuilding process, new research
is needed to fully operationalize and realize the concept of recovery, and develop ap-
propriate techniques of designing mathematical models to assess and characterize
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community recovery, which can help local government and policy makers develop the
scientific and effective disaster recovery plan for the next devastating earthquake dis-
aster.”

We have tried our best to improve the manuscript and made some changes in the
manuscript. These changes will not influence the content and framework of the paper.
And the revised manuscript has been typeset according to the format of NHESS. We
appreciate for Editors (Thomas Thaler) and referee’s warm work earnestly, and hope
that the correction will meet with approval. Once again, thanks very much for editors
(Thomas Thaler) and the referee’s comments and suggestions.

Please also note the supplement to this comment:
http://www.nat-hazards-earth-syst-sci-discuss.net/nhess-2017-72/nhess-2017-72-
AC4-supplement.pdf

Interactive comment on Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2017-72,
2017.
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