Interactive comment on “Multi-scenario urban flood risk
assessment by integrating future land use change models and

hydrodynamic models” by Qinke Sun et al.

The authors would like to thank Anonymous Referee #2 for reviewing the paper and
providing these thought-provoking perspectives. We really appreciate the comments and
suggestions and have given them careful consideration. Below are our point-by-point
responses to the comments. In addition, we really thank the referee's efforts in the in-depth
analysis in the attached document, as well as his/her helpful indications, which certainly
improved the quality of our manuscript. The Referee can find our corrections in the attached

file entitled Replies to specific comments.

R1: The paper tackles an important subject in future management perspectives of coastal
urban regions. Nevertheless, there are some major constraints/critisism to the current
version of the paper. The land cover data set seems to be outdated (2014) and has
only a coarse spatial resolution (100 m). Based on this, to model the year 2015 with
land cover data from 2014 is not so difficult and shows a high coincidence as
expected. Why not using a higher spatial resolution from Sentinel-2 (10 m) from the
year 20207 Six years after the acquired land use data set from 2014 this would show
whether the performance of the land use model is good enough or not...,

Al: Thanks for your comments. First, the FLUS model predicts future land use/land
cover determined by the amount of future land use type demand and the driving
factors affecting land change. Here we use a Markov chain model to predict the
amount of future land use demand. The model requires at least two periods of
historical land use data to predict the amount of land use for the same time interval
in the next period. In predicting the future land use changes we used two steps to do
so, one is the model testing and the other is the model prediction. We used two steps
to predict future land use changes, one is model validation and the other is model

prediction.



1. Model validation. We predict the land use change in 2015 based on the land
use data in 2010. In this process, the quantity of land demand in 2015 was first
predicted by Markov chain model based on the land use data in 2005 and 2010, and
then it was input into the FLUS model to simulate the type of land use in 2015. Finally,
we compared the simulated results and the actual land use in 2015 pixel by pixel to
test the reliable performance of the model.

2. Model prediction. After the model and impact factor selection were evaluated by
reliability accuracy, we predicted the future land demand quantity in 2020, 2030,
through Markov chain model based on the land use data in 2010 and 2015. Then we
combine the impact factor data and the land demand quantity to predict the future

land use results.

In addition, we have attempted to use high-resolution land use data (e.g.,
GlobeLand30) for prediction. The images for land cover classification of
development and update of GlobeLand30 are mainly 30-meter multispectral images,
including TMS5 ETM+, and OLI multispectral images of Landsat (USA) and HJ-1
(China Environment and Disaster Reduction Satellite), the 16-meter resolution GF-
I(China High Resolution Satellite) multispectral image are also used for

GlobeLand30 2020. (http://www.globeland30.org/home.html?type=data). We

selected the land use data of GlobeLand30 for the periods of 2000, 2010, and
2020, and simulated the prediction of the study area by Markov chain model and
FLUS model, but the results were very unsatisfactory. We compared the simulation
results for 2020 and found that kappa coefficient (kappa) was 0.64 and overall
accuracy (OA) was 76.85%, and the producer accuracy was lower for each land use
type. And we used 100 m land use data to produce an OA was 93.20% and a kappa
was 0.89.


http://www.globeland30.org/home.html?type=data
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Figure 1: Comparing the simulation results using GLC30 data with the actual
situation, (a) simulation result in 2020; (b) actual land use in 2020

Furthermore, our team also considered selecting 2020GLC data to be used with our
data set, but there are more problems between different data due to the large
differences in the production and classification standards. Meanwhile, the high
precision Sentinel-2 has more detailed descriptions for spatial details (Claverie et al.,
2019), but there is no long time series (10 years) and annual integrated land use
classification product (Nurfadila et al., 2019). Related studies have demonstrated that
medium-resolution (100 m) is more adequate to detect most human-—nature
interactions, while medium-high resolution sensors (Landsat 8/OLI and Sentinel-
2/MSI) are more suitable for detailed studies of plant phenology (Chaves et al.,2020).
Therefore, we chose this set of 100-m resolution land use data produced by the
Chinese Academy of Sciences from the perspective of data consistency and accuracy
of model simulation. In addition, we have analyzed the data for research limitations
in the discussion section of this manuscript.

Thanks again to the Referee for the comments.
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the ASTER-DEM used has a 30 m spatial grid, but everybody knows, that the vertical
accuracy may vary up to 5 m and more. This is a major drawback in coastal lowlands,
where just small height differences may cause large discrepancies in flooded areas.
Better use LIDAR data if available,

Thank you very much for your suggestion. In flood inundation simulations, the use
of different DEM products can produce differences in inundation results. The reason
is that different open-access DEMs use different observation satellites and algorithms,
producing various vertical differences. This is another research direction of interest
for our team, which has successfully simulated inundation differences due to
differences in DEM products (Xu et al., 2021). This study compared the inundation
results produced by six different open-source DEM products (SRTM, ASTER-DEM,
AW3D, MERIT, NASADEM and CoastalDEM) under different flood return periods.
Based on the results of this study, we finally selected the ASTER-DEM product that
performs more stably under different flood scenarios. Here, we choose the open-
access DEM product due to funding and modeling power constraints. We have
added additional descriptions in the corresponding section of the manuscript. The
Referee can read the new part in the following:

ASTER-DEM has been shown to be the most stable data performer among six types

of open access DEM products (SRTM, ASTER-DEM, AW3D, MERIT, NASADEM and



R3:

A3:

CoastalDEM) for flood inundation simulations with different return periods (Xu et

al., 2021).

[1] Xu, K., Fang,J., Fang, Y., Sun, Q., Wu, C. and Liu, M.: The importance of digital
elevation models selection in flood simulation and a proposed method to reduce

DEM errors: a case study in Shanghai, Int. J. Disaster Risk Sci., 2021 (accepted).

the single forward modelling of the urban development may not concider the
polycentric development of the agglomeration,

Thanks for your comments. For most developing cities, especially fast-growing cities,
the development of cities or urban agglomerations will show expansion patterns such
as infill, edge-expansion, and outlying (Fig. 1). Numerous empirical studies by
scholars have found that diverse patterns across cities are due to geographic and
economic conditions. For example, Nanjing's urban expansion is mainly based on
infill and outlying development (Xu et al., 2007). Beijing's urban expansion is based
on concentric circles of urban outward expansion (Xie et al., 2007). While Hangzhou
and Wuhan show a typical polycentric expansion pattern (Yue et al., 2010; Liu et al.,
2011). In contrast, Shanghai's urban growth pattern is mainly based on infill and
edge-expansion (Li et al., 2014; Zhou et al., 2020). Moreover, Shanghai's urban
development is in transition to high-quality development, and it is difficult to appear

a polycentric development pattern of outlying or satellite cities in the future.
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Fig. 1. Spatial modes for three urban growth types (From Shi et al, 2012).
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In addition, the important influencing factors such as GDP, population and traffic

roads are considered in our selected drivers of urban expansion, especially the

application of FLUS model based on adaptive inertial competition mechanism has
good self-organizing ability for urban expansion. Therefore, the combination of
multiple expansion modes of future cities is also considered in our study.
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land subsidence is not equally everywhere. It depends very much on the ground
substrate. Fluvial sediments may subside more than rocky underground. And it also
depends on the anthropogenic use. Roads on sedimentary ground, where heavy trucks
are driving each day may subside much more than anywhere else... It's not enough

to analyze that statistically, one would hove to look attentive where this would
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happen. Interferometric evaluation of multitemporal microwave data would provide
a propoer estimation on that...,

Thanks for your comments. As you have analyzed, land subsidence in Shanghai is
mainly caused by tectonic subsidence and compaction of sediments due to natural
conditions and human activities. “(1) Compaction subsidence has a long history in
Shanghai. It is one of the first few cities in China to suffer from serious land
subsidence, with an average rate of 22.94 mm/year from 1921 to 2007 (Gong and
Yang 2008). According to the monitoring data, compaction subsidence of Shanghai
can be divided into three stages as: (i) rapid subsidence stage from 1921 to 1965
caused by excessive groundwater extraction; (ii) recovery stage from 1965 to 1985
with artificial recharge; (iii) slow subsidence stage from 1985 to 2007 due to large-
scale construction of high-rise buildings and underground projects. Shanghai
Geological Environmental Bulletin and land subsidence control plan estimate that
the average rate of compaction subsidence will be stabilized at 5 mm/year after
2010 (Shanghai Municipal Bureau of Planning and Land Resources 2007). (2) The
crust of Shanghai has experienced gradual subsidence since the Pliocene. Based on
the analysis of long-term monitoring data of very long baseline interferometer (VLBI)
in the Sheshan bedrock, the average rate of tectonic subsidence is estimated to
have been nearly 1 mm/year in Shanghai (Qian 1996). Since tectonic movement is
relatively stable, it is assumed the rate of tectonic subsidence in Shanghai remain

constant.” --Reference to the analytical study by Yin et al. (Yin et al., 2013).

Therefore, prediction for land subsidence in Shanghai was generated by combining
compaction subsidence and tectonic subsidence, resulting in a total land subsidence
by 2030 and 2050 120 mm and 240 mm, respectively. However, due to the uncertainty
of future anthropogenic activities and spatial distribution, there could be large

variations in the projection.

We have rewritten the expressions related to the land subsidence projections for 2030

and 2050 in the corresponding places in the manuscript, in order to better understand
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the basis of our projections. The Referee can read the new part in the following:
Land subsidence in Shanghai is mainly caused by tectonic subsidence and
compaction of sediments due to geological structure conditions and human activities.
With reference to the long-term tectonic subsidence monitoring data of the very long
baseline interferometer (VLBI) in the Sheshan bedrock and the land subsidence
analysis rules of Yin et al (Yin et al., 2013). therefore, the total land subsidence is
predicted to be 0.12 m and 0.24 m by 2030 and 2050, respectively. However, due to
the uncertainty of future anthropogenic activities and spatial distribution, there could
be large variations in the projection.
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the result showed a stronger inundation by the GE scenario than with the GP scenario.
Flooding per se is not bad, so one would not rank the GE scenarion worse than the
GP scenario, since it might consider clean air allies or urban green spaces. The
authors mention that in their chapter 5.2 "Recommendations", but should emphasize
that much more...

Thank you very much for your suggestion. We strongly agree with the point that
flooding is not inherently good or bad, but only makes a difference when it has an
impact on human life. We have added a discussion in section 5.2 of the manuscript.

The Referee can read the new part in the following:



Furthermore, our results show that the area of future urban flood risk varies by
scenario. Although the GE scenario performs higher than the GP scenario in terms
of flood inundation area, this does not mean that the GE scenario is worse. From the
cases of advanced flood risk management countries such as the Netherlands (Kabat
et al., 2009; Song et al, 2018), an important success lesson for future flood
protection design is to leave enough space along coasts for wetland migration and
leave space for nature. In other words, "soft strategies"” such as "working with rivers
and nature" are considered in the flood protection measures. Therefore, from this
perspective the GE scenario may be a more likely future development scenario
among these three scenarios. Future, it is necessary to learn from the practical
experience of advanced countries to strengthen the development and construction of
coastal wetlands and tidal flat ecosystems, and further reduce the residual risk

through the adaptive regulation of coastal ecosystems and other soft strategies.



Replies to specific comments.

RC: Line27, 29: Change the location of the references in chronological order.

AC: We have changed the position of the references.

RC: Line29: Delete “the”.

AC: Done.

RC: Line31: Add “the...”

AC: Done.

RC: Line31: Add “the...”

AC: Done.

RC: Line38,44, 45, 48, 57: Change the location of the references in chronological order.

AC: Done.

RC: Line49: Add “need”

AC: Done.

RC: Line59-60: Change “how can combining different urban growth scenarios with
climate change scenario analysis help inform preparedness for flood risks from
climate change in urban flood risk assessments” with “how different urban growth
scenarios combined with climate change scenario analysis may help to inform
preparedness for flood risks from climate change in urban flood risk assessments”.

AC: Done.

RC: Line61: Add “areas may”

AC: Done.



Line66: Add “to”

Done.

Line70: Change “west” with “West”. Add “(Fig. 1)”

Done.

Line71: Add “a”

Done.

Line73: Add “area”

Done.

Line78: Change “due to land subsidence and the increasing frequency and intensity
of storm surge make Shanghai will become one of the most sensitive regions to the
global climate change.” with “due to land subsidence and the increasing frequency
and intensity of storm surges, Shanghai will become one of the most sensitive regions
due to the global climate change.”.

Done.

Line89: Change “was” with “were”. Change “manually” with “visually”.

Done.

Line96: Add “area”

Done.

Line106: Change “validation” with “validated”.

Done.

Line110: Change the format

Done.



AC:

Linel14: Change “complexity” with “complex”.

Done.

Line116: Change “combine” with “combining”.

Done.

Line133: Change “change” with “changes”.

Done.

Line135: Change “The FLUS model is an upgraded version of cellular automata
model (Liu et al., 2017), which can solve...” with “The FLUS model is an upgraded
version of a cellular automata model (CA-model, Liu et al., 2017) which can solve...”
We have changed “The FLUS model is an upgraded version of a cellular automata

model (Liu et al., 2017) which can solve...”, because the abbreviation of CA model

has appeared in Line54

Linel39: Add “area, an”

Done.

Linel42: Change “The difference is as follows:” with “The differences are as
follows:”.

Done.

Line149: Add “the”

Done.

Line150: Change “which” with “where the”.

Done.



RC: Linel54: Add “the”

AC: Done.

RC: Linel56-157: Change “combines” with “combining”. Change “is” with “are”. Add
CGanﬁﬂ

AC: Done

RC: Linel60-161: Add “considering”.

AC: Done.

RC: Linel60-161: Change “To better validate the model before predicting future change,
we compared output to the actual land use 2015.” with “To better validate the model
before predicting for future change, we compared the output with the actual land use
2015.

AC: Done.

RC: Linel77: Change “scenario” with “scenarios”.

AC: Done.

RC: Linel78-181: Change “which” with “with”. Add “a”. Change “followed to” with
“following”.

AC: Done.

RC: Linel86: Change “that is considered” with “to be”.

AC: Done.

RC: Linel192-193: Change “Overall, the model accuracy outputs are measured shows an
acceptable or good level of prediction, therefore the model is suitable for predicting
changes in land use the Shanghai.” with “Overall, the measured model accuracy

outputs showed an acceptable or good level of prediction, therefore the model is



suitable for predicting changes in land use of the Shanghai area.”

Done.

Line205-208: Change “project, compare” with “projected, compared”.

Done.

Line211: Change “due to” with “since”.

Done.

Line216: in the text GP always comes before GE..., would avoid confusion...
Thanks to the reviewer's suggestion, we have switched the positions of GE and GP

in the figure.

Line218: Change “Simulation results of different scenarios in 2030 and 2050.” with
“Simulation results of different scenarios in 2030 (top) and 2050 (bottom).”.

Done.

Line227: Change “the submerged area increasing trends with time” with “the
submerged area is increasing with time”.

Done.

Line234: Change the format

Done.

Line237: Add “area”

Done.

Line246: Change “new growth urban area” with “new grown urban areas”.

Done.
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Line247: Add “scenarios”

Done.

Line249: Change “with the rapid expansion of the urban” with “with a rapid
expansion of the urban area”.

Done.

Line253: Change “be reached” with “reach”.

Done.

Line255: Change “due to the average altitude of Shanghai is around 4 m” with “since
the average altitude of Shanghai is only around 4 m”.

Done.

Line256-258: Change “Inundate of each land use type under different scenarios. The
inundated areas of different land use types, including cropland, woodland, grassland
and urban land, were calculated for each scenario, where a indicates new growth area
ofurban affected by flooding.” with “Inundation of each land use type under different
scenarios. The inundated areas of different land use types, including cropland,
woodland, grassland and urban land, were calculated for each scenario, where a
indicates new grown areas of the urban class affected by flooding.”.

Done.

Line266: Add “it”

Done.

Line279: Change “future flood risks in coastal areas also are not fully reflected
through using of hydrodynamic models,” with “future flood risks in coastal areas are
also not fully reflected through the use of hydrodynamic models,”.

Done.



RC: Line283: Change “not be” with “is not yet”.
AC: Done.

RC: Line285: Add “of”

AC: Done.

RC: Line291: Add “act”

AC: Done.

RC: Line300: Add “which”

AC: Done.

RC: Line303: Change “SLR” with “sea level rise”.
AC: Done.

RC: Line320: Add “the”

AC: Done.

RC: Line326: Change “potentially” with “potential”.
AC: Done.

RC: Line330: Add “global warming”
AC: Done.

RC: Line331: Delete “have”



