Responses to Referees comments on Manuscriptess2020242

An efficient modelling approach for probabilistic assessments of prdagrand
future fluvial flooding

We appreciate and thank both Referees for their dedicated review and constarotivents

on the manuscript (MS). We have addressed all comments and revised the MS accordingly.
For each comment and/or suggestion, we have provided the corresponding response below
Both our responses and the newly added text in the manuscript are shadue i

Thank you very much once again.

On behalf of the authors,

Hieu Ngo

Summary of responses

The twoReviewers of this manuscript have raised several key issues that we have responded
to following each of those referee comments. However, we thigknitportant to clarify
some of the main issues that were raised by the reviewers in summary form:

Comparison with previous studies Apel et al. (2016):

The reviewers point out that the study of flood hazard/risk in Can Tho city has been done
before. Thg recommended we compare the results with those studies. We have done this in
the current version of the manuscript. Of particular interest to this is the publication by Apel

et al. (2016). A key difference between that and the current study is thatrtter tlid not

consider the drainage network of the city. In the case of Can Tho city, the drainage network is
connected to the river via many outlets through the river reaches and the major canals. These
work as an effective hydraulic connection betweenriver level and the water in the city,
causing, for example, back flow during the high river levels. Therefore, flooding in the city
happens long before the water level in the river reaches the bank height. Further, it is very
likely that modelling floals without considering the drainage connections can (significantly)
underestimate the flood levels (and the extent).
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Figure 1: Urban flood water in Can Tho can be hydraulically connected to the river by two
means: (A) Numerous drainage pipe outlets, (Bjurface (overbank).

Apel et al. (2016) were unable to consider this as they have not modelled the drainage
network. We believe this was the reason why the flooding results were underestimated in
their initial results. To address this, they artificiddyered the DEM level (ZG), until a
satisfactory agreement between the observed flood level (extent) and the modelled. However,
this did not address the underlying reason for the underestimation of flooding, which is the
hydraulic connections created bytlirainage network (A) in addition to surface hydraulic
connections (B).

Therefore we do not expect the current results to match those published by Apel et al. (2016).
To the best of our knowledge, there are no previous flood hazard/risk studies on Can Tho
considering drainage connections with a 1D/2D coupled model.

Period of observational data used:

Another important point raised is the fact that a short period of time was considered in
generating upstream boundary conditions. We are aware that the Mekong river flow data is
available for a much longer period (starting from 1924). However, statiatiajsis of these
data (annual maxima, extreme values) shows that these data shows a stistagjoaarity.

The climate scenario impact modelling approach we used in this study was to model the

i mpact under the Opr esenttheresutd(Aoppodeditoae 6 f or c
continuous simulation from 6presentd to the
i mportant that the baseline (O6presento6é) inde
Using data over a long period of time da®t result in an accurate representation of the

present state as the signals show a strong trenes(atianarity). This was the main reason to

use a short period of time with statistical generation of synthetic flow(Fi@ta20 in the

MS).



Referee #1
General comments

Comment R1_1:

The proposed method is neither new nor innovative. The combination of 1D for large scale
flow dynamics with 2D detailed inundation dynamics has been used in many other studies
worldwide, e.g. Falter et #2016);Metin et al. (2018); Vorogushyn et al. (2010), the cited
Davidsen et al2017) and many more, but also in the MKD: Apel et al. (2016).

The simplification of the 1D model to gain faster simulation times is not sufficient to claim a
new modelling concefs the title suggests. This simplification has also some drawbacks like
the very likely insufficient performance for the many smaller channels and the floodplains in
the MKD. This has not been shown here, but the neglect of these features in the simplified
model will inevitably cause this. The simplified model is thus a model that is tailored for this
particularly purpose only, i.e. the simulation of water levels along the main channels of the
MKD. This has not been mentioned in the MS, but should be.

Respmse R1_1:

We agree that the combination of the 1D model for lscpde flow dynamics with a 2D

detailed inundation model has been used in many other studies. The flood hazard assessments
in the previous studies are limited to either analysing dependerarggamultiple drivers

(e.g. riverflow, sea level, storm surge), or determining bivariate joint probability and/or joint
return periods, and did not provide information about the likelihood and intensity of floods

that take into account the combination afltiple drivers (Ganguli and Merz, 2019), which

may stem from the large computational cost.

This study presents a modelling approach to develop probabilistic fluvial flood hazard maps
for the urban centre of Can Tho city (Ninh Kieu district) for presiegptand future under
different scenariggaking into account the impact of climate cha(fgeureriver flow, sea

level rise, storm surge). The use of the simplified 1D model for the entire MekondhBrdta
provides rapid and accurate estimatd# waterlevel at Can Tho. With the assumption that the
flood inundation inCan Tho city is significantly affected only by the water level in the river,
we propose an approach tisabstantiallyjcuts down the computational effort to develop
probabilistic flood map$or the study area.

Due to its speed,ur modelling approach igeal for obtainingprobabilistic fluvial flood
hazard and risk maps falocationof interesttaking into accountlimate change driven
variations inupstream river flows and downstreagadevels



The development of the 1D simplified model for the entire Mekong Delta used here was
presented in detail in Ngo et al. (2018) and is also summarized in this manuscript. The
limitations of the 1D simplified model have also been mentioned cleaNgo et al. (2018).
Following the suggestion of the reviewer, these limitations are now briefly reiterated in the
current MS for completeness (Liness1891), as follows

AThe simplification of t hleadstoadegradtidnofthet he ent
precision and accuracy of its resullsjt far away from Can Thspecifically at Chau Doc

and Tan Chau (Ngo et al., 2018)oreover,the simplified model is a 1D mogdelhich

cannot accurately simulate flood propagation, especiallyhefloodplains, even though the
floodplains have been included in cressctions and assignegbpropriateroughness

coefficients. Therefore, the simplified 1D model is us@das a surrogate model for

simulating water levels along the main rivelbgaring in nmd that it may not proviceliable
informationon water levels and inundation dynamics in aréaat are far away from Can

Tho and are locateddi st ance to the main rivers on the

Comment R1_2:

The authors fall short in properly citing adigcussing the available literature. Apel et al.
(2016) performed an almost identical study in the MKD, for the same city, even the very
same district of the city, with a similar model setup (combination of a 1D model for the
whole delta and a 2D model ftire city), and using in parts even the same data (DEM). The
study was even published in the same journal as this discussion paper.

Under this circumstances neglecting this study is a serious breach of proper scientific conduct
and cannot be accepted. Tdghors need to address the previous study and highlight the
scientific advances made by their study, or provide a comparison of the results, or address
any weaknesses in the previous study, if they see any. Comparing both studies and
considering comment, 1 suggest that the authors focus on the estimation of the changes in
flood hazard by climate change, sea level rise and land subsidence, which is not performed in
Apel et al. (2016).

Response R1_2:

Il n the revised MS, we Hawe ssplsisti othtbe sewr r eemt
separate sections including Results and Discussion. In the Discussion section, we have

included a discussion related to Apel et al.”s study and some other issue$46i4889).

We have also now highlighted that fleeus of our study is on assessing future flood hazards

and damage due to climate change (LB®&S 356 and Lines 88-370). Please sealso

Respomse R1_3 and Respon22belowfor more details.



Comment R1_3:

| have serious concerns about the statistics used in the study. Firstly, the authors use an input
(Kratie) discharge time series of 7 year only. This is clearly not sufficient for a statistical
evaluation of return periods.

In this context it has to be ted that for Kratie almost 100 years of daily discharge values

(since 1924) are publicly available through the Mekong River Commission. Why did the
authors not use this valuable data source? This is not comprehensible. The authors claim that
the insufficient time series for extreme value statistics is compensated by the (stochastic?)
synthetic streamflow generator. | have serious doubts that this is the case.

Any streamflow generator has to make some assumptions on the discharge statistics in order

to provde information about extreme events not contained in the time series used. But these
statistics will be highly uncertain due to the shortness of the time series length. And if the
streamflow generator if based on resampling of 7 years of data only ttemesxevents will

surely be highly underestimated. In any case the authors have to provide more details about

the streamflow generator and the applied methods and assumptions, and provide prove or
convincing arguments that the generated synthetic timessane statistically representative

for the Areal 06 time series and discharge var
the results.

Moreover, | urge the authors to use the full length of time series of Kratie. Using this will
enhance thetatistical soundness of the analysis, and enables an estimation of the
representativeness of the generated #¥ time series based on shorter time series, and if
this approach would be comparable or even superior to the bivariate extreme valigsstatist
by (Dung et al., 2015) used in Apel et al. (2016).

Another aspect concerning statistics is the poor fit of the Gumbel function to the synthetic
water level time series at Can Tho shown in Figure 6. There is a large mismatch between the
empirical quarites and the distribution quantiles. If such a long synthetic time series is used,
the distribution function should model the time series almost perfectly. Otherwise the
empirical quantiles should be used. The use of the Gumbel distribution function for
edimating quantiles is in this case a loss of information. See also my comment in the
annotated manuscript. To sum all these comments up, | have serious doubts that the
probabilities associated to the discharges (Kratie) and water levels Can Tho) are robust

Response R1_3:

We thank the reviewer for this thoughtful response.

The rationale for not using long discharge data series in this studypWaeendescribedn
the revised MYLines348-373), as follows



n Fi r @& the synthetic hydrologig derived from the length of discharge data (2000
2006) that was freely available to the authors at the start of this study. Only recently, the
longer discharge data become available at the Mekong River Commission website with 66
years of data (1924 t09%0 and 2000 to 2018).

Secondly, the purpose of this study which is to quantify climate change driven variations in
the flood hazard between the present period and future time periods. Therefore, it is
important to ensure that the selected baseline pdaad baseline simulations), are in fact
representative of the presetdy period. This is important because, not only has the climate
change signal emerged in several climate variables over the last 50 years or so (i.e. signal is
clearly discernible fronthe interannual variability) (King et al., 2015), but also human
activities (e.g. reservoirs) have led to noticeable changes in the natural regimes that may
have existed earlier in the 2@entury 6eeRanasinghe et al., 20¥6r examples in China

Bothof these phenomena may change the probability distribution of climate variables over
time (Chadwick et al., 2019).

To investigate the stationarity of the upstream river discharge in the Mekong River, the
discharge time series at Kratie was analysed, basetthe 66 years of data (1924 to 1970

and 2000 to 2018). The analysis showed that the peak discharge at Kratie has indeed

noticeably decreased over time, and particularly after 2000 (Figs. 18, 19), likely due to

irrigation expansion and upstream dam caustion in recent years (MRC, 2010; Piman et
al., 2013).
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Figure 18: Maximum annual discharge at Kratie from 1924 to 1970 and 2000 to 2018
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Figure 19: Gumbel distribution of discharge peaks at Kratie corresponding to three periods {1924
1950), (19511970) and (20002018)

The use of the full discharge time series at Kratie to develop flood frequency curves is
therefore inappropriate in the present study which aims to quantify climate change driven
variations in the flood hazard, and further, risklative to presentlay conditions, in order

to inform the development of climate resilient flood risk reduction measures for the urban

centre of Can Tho city. The use of the full observed discharge data at Kratie, including pre

2000 flow with large flood peaksan lead to an overestimation of flood hazard and risk.
Therefore, for the purposes of this study, only the $2800 discharge data were used to
represent baseline conditions. o

Regarding the informatioon thesynthetic streamflow generatdinjs hashasbeen added in
the revised MS (Lines 13139), as follovs:

AThis synthetic st r e aparniemiomethc toesamptelows us e s
from the recorded data, which combines the methods of Kirsch et al. (2013) and Nowak et al.
(2010), whereirKi r schdés met hod is used to generate
Nowakds method is used to disaggregate these

proportionally scaling daily flows from a randomly selected historical mornf7 days
(Quinnetal.,20T) . 0

Additionally, in the revised MS, we have added the results of using synthetic streamflow
generator to generate the 1000 synthetic river flow bas#ueseven yea ofdischarge data
at Kratie to assess the validity of the metfloides 382391), asfollows:

f



AFigure 20 shows several representations of
based ortheseven years of observed discharge deted hereand their corresponding
statisticsand extreme values.

Statistics Extreme values
2.0

10°
® obs

—— synl
— syn2
— syn3
— syn4
— syn5
—— syné
—— syn7

syn 8

154

1.04

104
051

Flow (m?js)
—Inl—In[P(X =x)1]

0.0

«  syn-all

1
Obs synl syn2 syn3 synd4 syn5 syn6 syn7 syn8 syn-all 40000 50000 60000 70000 80000 90000
Samples Flow (m?/s)

Observed Synthetic

80000 80000
@ 60000 7 60000

40000 4

Flow (|
]
(=]
(=}
S
Flow (m?

20000 20000

0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (days) Time (days)

Figure 20: Representations a$ynthetic flow time seriethat are generated basesh theseven years
of observed discharge data, adrresponding statistisand extreme values.

In all, 1000 synthetic flow time series were createltich were then combined with 36 sea
level time serieto have 36000 different water level time series at Can Tho. This helps to
capture the statistical variation of water level at Can Tho better, which is important in flood
hazard modelling. Usinthese36000water level time serieseries does not add any
information that was originally not present in the observed data. Howastre sedevel

and river flow time series are independent of each othese combinations of statistical
realizations of streamflow with observed de@el improve the joirprobability

manifestation in the resulting longer time seriéshould be noted thahe synthetic

generator is not the only approach to achieve this. For example, a similar statistical
robustness might be achieved by tishéfting one set of series agaitsh e ot her . 0

Concerning using Gumbel distribution in this study, while it is true that the empirical
distribution might have resulted in less information loss, it will also include all the random
artifacts in the observed (and generated) data. Therefopeefer to have a probability
distribution fitted to the trend rather than using the empirical distribution. However, we do
admit that the lodog-linearity of the Gumbel distribution might introduce a bias to the very
extreme values (e.g. the real data nfay example, have adtter tail than that is fitted by

Gumbel distribution.). However, such an analysis needs a long series of data that are largely
devoid of norstationarities (or therbeingcarefully removed). The flow database used here,
which was limited in length due to the climate change impact focus of the study (see
Response R1_3 above) does not provide the necessary data quality or quantity to do such an
analysis.Therefore, using the Gumbel distributibareis more reasonabla ourview.



Additionally, the difference in water levels corresponding to large return periods between the
empirical and distribution quantiles is small. Furthermore, Gumbel distribution was well
fitted in scenario RCP 8.5 with higher water levels.

Comment R1 4

The authors try to validate of by two water depths in manholes only. | am missing a
validation or at least a plausibility check of the spatial inundation simulation. The
performance of the spatial inundation simulation is crucial for the hazard angdysisome
analysis or at least arguments should be provided. As mentioned above, there are more (and
mostly more specific) comments are provided in the annotated manuscript.

Response 4

Thank you for the comment. In the revised MS, we have add@unation on thelD/2D
coupled model validatio(Lines 28-287), as follows

AThe validation results for the 1D/ 2D coupl e
shown in Fig. 8. Simulated flood extent and inundation depths at many differentistreets

Ninh Kieu districtare presented ithe descriptiorof theflooding situation and observed

inundation depthat the same placeas the report of Can Tho Water Supply and Drainage
Construction Compansegardingthis event. The comparison shows a goocagrent

between the simulated flood extent and inundation depths and observations.
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Figure 8: Flood inundation map (flood extent and the maximum simulated inundation depth) and
the measured inundation depttfilled circles) at streets in Ninh Kieu distdt during the Oct2016
flood eventd



Specific comment in the MS

Comment 1 in the MS page 2

Non-stationary flood risk assessment (FRA) is still quite a challenge. But even for a proper
stationary FRA, more than just two hazard maps with definedabilities are required. Even
for this a less time consuming hydraulic approach would be very beneficial.

Response 1

No action needed

Comment 2 in the MS page 3

But also frequency, because inundation is likely to occur more often even without agg chan
in water levels due to lower river banks.

Response 2

Thankyou for thecomment. We have revised the MS according to this comaseiailow
(Lines &-69):

Al ncreases 1 n popuswateridemand,iwhiehvsiofteadatisieddyncr eas e
excessive pundwater extraction, which, more often than not, leads to land subsidence,

further exacerbating the flood hazard due to increased inundation levels and frequency.

Lowering of the inundated areas as well as the river banks due teslésgidence can

conti bute to this increase. 0

Comment 3 in the MS page 3

True

Response 3

No response required

Comment 4 in the MS page 4

In the Mekong Delta these are rather distributaries
Response 4

Thank you for the correction. We have updated this in the revised MS.

Comment 5 in the MS page 4



More detailed information about the streamflow generator are required in order to assess the
validity of the method. See also the general comment Nr. 3.

Response 5

Thank you for the suggestion. In the revised MS, we have addeslinformation about the
synthetic streamflow generator (Lin€31-139 and Lines376-383), please see in Response
R1 3 above.

Comment 6 in the MS page 5

This link does not work

Response 6

Currently, this link still works. However, when clicking theKidirectly in the MS, it is

somehow combined with row number 135 (row contains the link in the MS) and parentheses,
which results in not being able to access the link. Please use the same link here
(https://github.com/julianneg/KirseNowak Streamflow_Generaaio download the

Streamflow Generator.

Comment 7 in the MS page 6

Which is already a simplified model. For any hydraulic model of the MKD the floodplain
inundation $ important for the overall flood propagation and water levels. How is this
considered in the ISIS and then the SWMM model?

Or to put this comment in a different frame: it needs to be mentioned that the SWMM is a
surrogate model for water levels along thain rivers and is not fit for providing reliable
information about water levels and inundation dynamics in the areas at some distance to the
main river channels and on the floodplains.

Response 7

Thank you for the comment and suggestion. Both the h&i&el and the SWMM model
(detailed SWMM model) for the entire Mekong DeltalasReferee mentioned in the MS are
not simplified models yet. The simplified SWMM modeled herés a model obtained after
systematically reducing nodes and links in the deds8WMM model.

ThelSIS model for the entire Mekong Delta is a 1D hydrodynamic model, which was
developed by HRWallingford and Halcrow (UK). In this model, floodplains were modelled
by extending the crossection to both sides of the mainstream. Likel818 model for the
entire Mekong Delta, floodplains in the 1D simplified SWMM moale alscconsidered as
partof thecrosssection, andheyare assignedppropriateoughness coefficients. Although
the 1D model cannot accurately simulate flood propaga@specially in floodplains, the


https://github.com/julianneq/Kirsch-Nowak_Streamflow_Generator

simulated flood propagation time from Kratie to Can Tho of the 1D simplified model is
realistic ataround 4 days, which is consistent observed time difference in peak floods at
Kratie and Can Tho.

Regarding the limitatins of the simplified modethese arenentioned in detail in Ngo et al.,
(2018). However, following the suggestion of the reviewer, these limitations are briefly
reiterated in the current MS for completeness (Li#5191). Also, please séa Response
R1 1 above.

Comment 8 in the MS page 6

Daily discharge data at Kratie are available since 1924!! Why don't you use the full data set?
This would provide a much robust estimation of extreme events and probabilities than just
using 7 years of discharge, evé errors in the measurements are considered.

The streamflow generator surely makes some assumptions/estimations of the (extreme value)
the statistics and distribution of discharges. If this is based on 7 years only, the generated time
series is associated with high uncertainty. This aspect is cfocthae whole work and needs

more attention/discussion.

Response 8

Thank you for the comment and suggestion. We agree that using the long discharge data
would provide a robust estimation of extreme events and probabilittsdiesfocusing on
developng flood hazard maps for the preseal without considering climate change driven
variations in the flood hazard. Howey#re main focus of this study is in fact climate change
driven variations in flooding.|Pase see Response R1_3 aldoveur justification for not

using thefull discharge time series data in this study, also for our detailed response
regarding the use of thke synthetic streamflow generator.

Comment 9 in the MS page 7

To get this right: only the synthetic event where the histly highest water level is

exceeded was used for determining the flood hydrographs? Why this high threshold? Even
below this threshold floods do occur in Can Thbe river bank elevation seems a much
better threshold for in my opinion. You needustify your selection.

Response 9

Thank you for the comment. We agree that flooding can occur in Can Tho when the water
level is below this threshold of 2.15m and even when the water level is lower than the
riverbank elevation, as explainedaar resporse to specific comment 22 below. While

preparing the manuscript, we also compared the water levels of 36,000 water level time series



corresponding to each scenario with 3 flood water level alarms in Can Tho (1.7 m, 1.8 m and
1.9m). The results are shownTable 1.

Table 1: Water level alarms in Can Tho and number of time series that have at least one peak of
water level higher than flood water level alarms and water level value of 2.15m corresponding to
each scenario RCP 4.5 and RCP 8.5.

Number of time series that have at least one peak value of water

Alarm — Water level in level higher than compared water levels

level Can Tho (m)

RCP4.5 RCP8.5
1 1.70 36000 36000
2 1.80 36000 36000
3 1.90 17859 21844
4 2.15 41 162

As here we focus on extreme floods, rather than nuisance or moderatevilea#dected a
water level threshold of 2.15 m, one of the highest historical flood water levels (occurred in
Can Tho in 2011). Thikelpsto select water level time series wihlvater level peak value
higher than a historical extreme water letheitis entirely possible in the future due to the
effects of climate chang&hich is the focus of this study

Comment 10 in the M$ page 8

This is too short. High water levels that cause inundation in Can Tho are usually caused by
the interplay of high river water levels and high tidal level. The high tidal levels, which are
particularly pronounced during spring tides, typically last forugptmof days. See e.g.

Apel, H., Martinez Trepat, O., Hung, N. N., Chinh, D. T., Merz, B., and Dung, N. V.:
Combined fluvial and pluvial urban flood hazard analysis: concept development and
application to Can Tho city, Mekong Delta, Vietham, Nat. HazBatth Syst. Sci., 16, 941
961, 10.5194/nhesk5-941-2016, 2016.

or

Triet, N. V. K., Dung, N. V., Fujii, H., Kummu, M., Merz, B., and Apel, H.: Has dyke
development in the Vietnamese Mekong Delta shifted flood hazard downstream?, Hydrol.
Earth Syst. Sci21, 39914010, 10.5194/hes?1-39912017, 2017.

During this period the city is typically repeatedly inundated periodically during high tides (or
completely if the river water level is constantly above bank level). This has an impact on the
damage caused blye inundation (higher water levels, larger area flooded and longer
duration of ponding water). You need to justify this short simulation time.

Comment 11 in the M$ page 8



In this lowland low relief environment the duration of inundation might, or Mesly also
plays an important role for flood damage. This should be mentioned/discussed. See e.g.

Dung, N. V., Merz, B., Bardossy, A., and Apel, H.: Handling uncertainty in bivariate quantile
estimationi An application to flood hazard analysis in the Meg Delta, Journal of
Hydrology, 527, 704717, http://dx.doi.org/10.1016/j.jhydrol.2015.05.033, 2015.

Response 10 and 11

Thank you for the comment and suggestion. We agree that flood duration is also an important
factor affecting flood hazard and damaghisTis also mentioned in the current MS, which
has been updated in the revised Bes 2%-243), as follows

fSeveral different flood parameters can be used to quantify the flood hazard, including
inundation level, flow velocity, frequency of floodinggdlood duration, etc. (Ramsbottom et
al., 2006; Ward et al., 2011; Moel et al., 2015). Of these, inundation level (water depth) and
flow velocity are considered the most important parameters (Pefomgell et al., 1994;

Wind et al., 1999; Merz et aR007; Kreibich et al., 2009). However, due to the relatively flat
terrain combined with small inundation depths in Can Tho, the effect of the flow velocity is
expected to be small compared to that of the flood inundation depth (Dinh et al.,\2®il2).

in agricultural contexts as well as indirect damages (e.g. loss of livelihoods, nuisance), the
flood duration may play an important role in the context of urban property damage (e.g.
buildings, furniture, road), inundation depth is much more important thamtration.

Hence, this study considers inundation levels as the main indicator of the flood hazard in the
study area 0

Additionally, in agricultural contexts as well as indirect damages (e.g. loss of livelihoods,
nuisance), the flood duration mplay an important role in the context of urban property
damage (e.g. buildings, furniture, road), inundation depth is much more important than the
duration.

The water level in Can Tho varies following the downstream tidal fluctuation-@iemial

tide), because the urban centre of Can Tho (Ninh Kieu district) is connected with the Hau
River and Can Tho River via the open sewer channel and urban drainage system. Therefore,
for e.qg., if during the flood phase of tide, the river water level rises abovenhstlelevation

of the top of the manholes in the city, although without necessarily being higher than the crest
elevation of the river embankment, this will lead to flooding in the city centre due to
backwater flow through the urban drainage/sewer sysfEnnsis consistent with the flood
situation in Can Tho, which was described in Nguyen (2016)
(http://www.cantholib.org.vn:84/Ebook.aspx?BBF975353796 A6E64627B93B65654746
C6B65637B91B857557When the river water level drops during the ebbing phase of the

tide, the inundation level is also reduced mostly as flood water is drained through the urban


http://www.cantholib.org.vn:84/Ebook.aspx?p=27B9F975353796A6E64627B93B65654746C6B65637B91B857557
http://www.cantholib.org.vn:84/Ebook.aspx?p=27B9F975353796A6E64627B93B65654746C6B65637B91B857557

drainage/sewer systems. Representing thesmepses correctly is very important for flood
modelling in Ninh Kieu district, and our modelling approach does capture this. The-spring
neap cycle will have only secondary effect at the microtidal Can Tho r€asagi et al.,
2014) and thereforeeasonable approximation of the flood hazarthe Ninh Kieu district

can be obtained with a short simulation time of 24h.

Comment 12 in the M$ page 8

What about the calibration or performance of the 2D inundation model? You don't make any
statement atut the procedure, data, or performance measures or at least a plausibility check
of this model part. This needs to be addressed.

Response 12

Please see Response R1_4 above.

Comment 13 in the M$ page 9

Figures 6 and 7 could be merged to a single éguith 4 panels.

Response 13

Thank you for the suggestion. In the revised MS, we have merged them into one figure.

Comment 14 in the M$ page 9

What about the inefficiency and malfuntioning of the sewer system, as highlighted by Huong
and Pathirana (2013ls this considered in the model (explicitly, implicitly and not at all?).
Or did the situation change since then?

Response 14

Thank you for the comment/e agree that the inefficiency and malfunctioning of the sewer
system is a main contributor to floodi in Can Tho. Since the current approach explicitly
models the sewer system, it indeed considers this issue in the modelling system. Possible
malfunctionings of the systemasapparent during the model calibration and validation (for
example in some lodanhs pipeshadto be artificially narrowed to reflect the observed water
levels- providing strong indications of system malfunctioning like blockages.

The consideration of the drainage system in the coupled 1D/2D model for Ninh Kieu district
demonstrated that in the centre of Can Tho, there are still inundated areashenére
water level in the river is lower than the crest level of the protective embankment.

Comment 15 in the M$ page 9



This figure is not required at this position. Thaps are repeated in later figures. | suggest to
delete this figure and insert a figure showing the differences in maximum inundation depths
at present to future inundation depths at a later point in the MS.

Response 15

Thank you for the suggestion. Howemhe intention ofig. 10is to compare the flood

extent and inundation depth corresponding to two flood hydrograph patterns (Pattern 1 and 2)
leading tothe choice of Pattern 1, which has a greater effect on the flood extent and
inundation depth than Rarn 2. In addition, nonef the otherglood hazard mapmcluded in

the paper correspord water level hydrograph Pattern 2 to supportdeisision Therefore,

we believe that Fig. 10 is needed.

Comments 16, 17 in the MSpage 11
Minderhoud et al. 207 or 2020 are even better and more recent references for this.

Minderhoud, P. S. J., Erkens, G., Pham, V. H., Bui, V. T., Erban, L., Kooi, H., and
Stouthamer, E.: Impacts of 25 years of groundwater extraction on subsidence in the Mekong
delta, Vietham, Bvironmental Research Letters, 12, 064006, 2017.

Minderhoud, P. S. J., Middelkoop, H., Erkens, G., and Stouthamer, E.: Groundwater
extraction may drown meegdelta: projections of extractieinduced subsidence and elevation
of the Mekong delta for the 21s¢ntury, Environmental Research Communications, 2,
011005, 10.1088/251%620/ab5e21, 2020.

Comment 17 in the M$ page 16
Use the appropriate I1SI journal references of this work, i.e.

Minderhoud, P. S. J., Erkens, G., Pham, V. H., Bui, V. T., Erban, loi, kb, and
Stouthamer, E.: Impacts of 25 years of groundwater extraction on subsidence in the Mekong
delta, Vietham, Environmental Research Letters, 12, 064006, 2017.

and/or

Minderhoud, P. S. J., Middelkoop, H., Erkens, G., and Stouthamer, E.: Groundwater
extraction may drown meggelta: projections of extractienduced subsidence and elevation
of the Mekong delta for the 21st century, Environmental Research Communications, 2,
011005, 10.1088/2518620/ab5e21, 2020.

Responses 16 and 17.

Thanks for your suggestion. Up to now, there is no study on the land subsidence specifically
at the Can Tho city; therefore, in this study, we used an average land subsidence rate of 1.6



cm yr? for the entire Mekong Delta (Erban et al., 2014; Minderhduwal.£2015) in scenarios
considering the effect of land subsidence on the flood hazard at Ninh Kieu distréztent
studies byMinderhoud et althe average subsidence rate in the Mekong Delta was estimated
to be 1.1 cm yt(Minderhoud et al., 2013nd 1.31 cm ytcorresponding tthe B2 scenario
(no-mitigation witha steady annual increase of 4% of the 2018 volume) (Minderhoud et al.,
2020. However, according to the authors, this subsidence rate is likely to increase in the
future due to increasegtoundwater demand. Thus, we would like to keep using a subsidence
rate of 1.6 cm yt in considering the effect of land subsidence on the flood hazard in the
future.We have now added these references mentioned by the Reviewer in the manuscript.

Comnent 18 in the MS page 25

The Gumbel function is inadequate for the data. For such a large data set (36000 entries!) you
should strive for a better fitting distribution. Although the deviation in terms of water level

are small, there is big differenceprobabilities between the empirical and distribution

guantiles. E.qg. for the present state 2.0 m water level has an empirical return period of 100
years, while the Gumbel distribution estimates the probability of occurrence much higher

with a return perioaf about 30 years. Considering The large amount of data, the empirical
guantiles are more reliable than those derived from the distribution function. Using the
probabilities of the Gumbel function will bias/impair the hazard analysis!

Thus use either thempirical quantiles or use another extreme value distribution function.
The GEV might be a good option.

Response 18

Thank you for the comment and suggestPlease see the Response R1_3 above.

Comment 19 in the M$ page 28

What is actually the pattern that is finally used for creating the synthetic hydrographs?

Here you only show the group of similar patterns, but not the (mean?, maximum?, ...?)
pattern used for scaling the maximum water levels. How was this pattern then normalized? In
order to scal¢he maximum water level to a flood event, this needs to be done. Please explain
how the "characteristic" pattern 1 was derived and normalized.

Response 19

In this study, Pattern 1 is a group of similar water level hydrograph shapes (Fig 9 in the MS),
which was identified after comparing with a threshold value of 2.15m. The highbdba4

water level time seriesf all thewater level hydrograph shapesm@sponding to Pattern 1

was selected as a typical water level hydrograph shape, which was theristtaded



maximum water level with calculated water levels corresponding to each return period to
create the 24h boundary condition time series for the 1D/f0od model. This information
hasnow beenincluded in theevised MSLines 29-295) and (Lines298-300), as follows

AThe hi-lgldng water IXel time seried all thewater level hydrograph shapes
corresponding to Pattern 1 and Pattern 2 weskested as a typical water level hydrograph
shape for each pattemespectivelyThese were scalé¢d the maximum water level with
calculated water level corresponding to 3¥&ar return period to create the 2dboundary
condition time series for the 102flood model in order to examine the response of different
river water level hydrograpkhapeson f |l oodi ng. 0 and

ATherefore, in this study, the typical water
scaledto the maximum water level with calculatedter levels corresponding to each return
period for each scenario to create thel24 boundary condition ti me s

Comment 20 in the M$ page

This should read "boundary"

Response 20

Thank you for the suggestion. We have adjusted thiseimevised MS.

Comment 21 in the M$ page 29

If you have to save figures, you could present this result in a table listing the flooded areas,
mean, and max inundation depths

Response 21

Thank you for the suggestion. However, we would like to kbkegpeflood hazard maps as
they can help readers easily visualise the flood extent and inundation depth at all locations in
the study area.

Comment 22 in the M$ page 30

The inundation areas and depths appear to be much smaller compared to Apel et al. (2016).
This needs to be discussed. Is it the impact of the sewer system, which is considered in this
study, but not in Apel et al.? Or is it due to the different statistics, or the mismatching
Gumbel function (my first guess)? Or is there maybe an error in D&Mt@n? Apel et al.

(2016) detected a mismatch between the vertical datum of the river water level and of the
DEM (which is identical to the one used in this study). Or is it due to the longer simulation
period (6 days in Apel et al. vs. 1 days here)?



It is surely to much to ask for a complete and detailed comparison or search for the reason,
but the mismatch needs to be addressed in order to provide some guidance for readers and
particularly flood risk managers in Can Tho to understand the results.

Theresults of Apel et al. are, by the way, available for download as an electronic supplement
to the paper.

Response 22

Thank you for the comment. In the revised MS, we have added a discussion part, in which we
haveplaced our study in the contextApel etal.”s studyLines396-459), as follow

5.3 Comparison with a previous study on flood hazard for Ninh Kieu district

Computation of presefttay flood hazard and probabilistic flood maps using 2D models for

Ninh Kieu district has also been done before by Apel et al., (2016). However, the approach
adopted irthe presenstudy differs from that adopted in previous studies laas added

value by improving the computation of flood hazard of Ninh Kieu district. Furthermore, this

study takes a step forward from previous studies, being the first study to probabilistically

compute future flood hazard in the study area under céraainge. The main value
additions of this study, compared to Apel et

Difference in using flood probabilities to develop probabilistic fluvial flood hazard maps

One of the biggest differences between the present studlgeandported by Apel et al.

(2016) is the length of the river discharge time series used for flood frequency analysis. This

di fference is, in part, due to the different
to develop flood hazard maps tbe presentiay while the focus of the present study is to

guantify climate change driven variations in the flood hazard.

Consistent with the aim of their study, and following traditional modelling practice, Apel et
al. (2016) used flood frequency cunaKratie of Dung et al. (2015), which were

constructed based on the longest possible time series of river discharge at Kratie, spanning
88 years (1924 2011). In contrast, as mentioned in Section 5.1, the purpose of this study is
to quantify climate chage driven variations in the flood hazard between the present period
and future time periods. Therefore, it is important to ensure that the selected baseline period
(and baseline simulationgy in fact representative of the presef#ty period.

Another neeworthy difference between the approaches adopted by the present study as
opposed to Apel et al.d6s (2016) study arises
hazard maps for the Ninh Kieu district presented by Apel et al. (2016) were oliigined
introducingupstream flood probabilities at Kratie into a combined lasgale inundation

model for the entire Mekong Delta developed by Dung et al., (2@bExther with a detailed

2D model for the Ninh Kieu district. Flood probabilities at Kratie véren determined



based on a bivariate flood frequency analysis using annual extreme discharge and flood
volume at Kratie (Dung et al., 2015). However, floods strongly vary over space (Nied et al.,
2017; Vorogushyn et al., 2018). This spatial variabilitylooding would influence the flood
levels at Can Tho which is about 430 km downstream of Kratie. This important aspect is not
taken into account by Apel et al. (2016). Moreover, the river water level at Can Tho and the
resulting flood extent and inundati depth in the Ninh Kieu district are affected by the
downstream sea level, especially high tides and storm surge (Huong and Pathirana, 2013).
Thus, using flood probabilities at Kratie to develop probabilistic fluvial flood hazard maps
for the Ninh Kieu strict without considering the effect of downstream sea level could lead to
someuncertainties irtheflood hazard computed at Can Tho. The present study overcomes
these shortcomings by undertaking 2D flood modelling for Ninh Kieu district based on flood
frequency analysis at Can Tho (as opposed to Kratie) and by taking into account both river
discharges and downstream sea level in computing river water levels at Can Tho

The difference in flood extent

Comparison of the results between the two studiesshobstantial differences in the flood

extent corresponding to different RPs for pressant. The inundated area corresponding to 2

yr., 5 yr, 10 yr, 20 yr, 50 yr and 100 yr RP
4.98, 5.29 km2, respectively.contrast, the inundated area for the preséay in this study

are 0.42, 0.49, 0.54, 0.60, 0.74, 0.85 km2, respectively. Apart from the two key

methodological differences between the two studies highlighted above, there are also two

other reasons thanay have led to these differences in estimated prelsgmlood extents.

While the present study explicitly accounted for the effect of the urban drainage system in
Ninh Kieu district on flooding, Apel et al (2016) considered the entire district to be
impervious. This hasignificantimplications in terms of flood hazard estimations. The river
water level in Can Tho varies following the downstream tidal fluctuation {Semmal tide),

as the urban centre of Can Tho (Ninh Kieu district) is connected hngthiau River and Can

Tho River via the open sewer channel and urban drainage system. Therefore, for e.g., if
during the flood phase of tide, the river water level rises above lowest elevation of the top of
the manholes in the city, although without necelgsbeing higher than the crest elevation of
the river embankment, this will lead to flooding in the city centre due to backwater flow
through the urban drainage/sewer systems (noteetarn valves are largely dysfunctional

in Ninh Kieu district). Thiss consistent with the flood situation in Can Tho, which was
described in Nguyen (2016)

(http://www.cantholib.org.vn:84/Ebook.aspx?p=27B95933796 A6E64627B93B65654746
C6B65637B91B8575%7When the river water level drops during the ebbing phase of the
tide, the inundation level is also reduced mostly as flood water is drained through the urban
drainage/sewer systems. Hence, incorporating ffexts of the flood drainage system, as

done in the present study is crucial for correctly estimating flooding in this study area.


http://www.cantholib.org.vn:84/Ebook.aspx?p=27B9F975353796A6E64627B93B65654746C6B65637B91B857557
http://www.cantholib.org.vn:84/Ebook.aspx?p=27B9F975353796A6E64627B93B65654746C6B65637B91B857557

Both studies used the DEM presented by Huong and Pathirana (2013) for the study area as
the input data of the 2D model. Howeeystemming from the above mentioned lack of
consideration of the effects of the urban drainage/sewage systems, Apel et al. (2016) adjusted
the elevation of the DEM data by subtracting 0.5m from the original DEM in order to

achieve an acceptablialidation of their2D model. Apel at al. (2016) justify this decision
referring to the two large fluvial flood events that occurred in 2011, with "extraordinary"

peak water levels, but "the banks as given in the DEM were not overtopped, and thus no
inundation woull occur”. However, revisiting the data of water levels at Can Tho station in
2011, used in Chapter 2 to validate the 1D simplified model for the entire Mekong Delta, the
peak water levels of these two events occurred on the 28th of September and 2ithesf Oc
with peak water levels of 2.04m and 2.15m, respectively. Both these water levels are higher
than the bank elevation extracted from the original DEM data (approximatehy2109m) at

the surveyed point in Apel et al. (2016). Thus, these two fl@dsewould, in reality, have
caused flooding in the Ninh Kieu district by both backflow through the urban drainage

system and by direct overtopping of the river embankment. The lowering of the entire DEM is
therefore the likely cause for the substantitdiger preserdday flood extents estimated by

Apel et al. (2016), relative to those comput



Referee #2

The paper presents a probabilistic modelling approach for flood hazard maps applied at the
Can Tho city in the Mekong Delta. The flood hazard was analyzed for a present scenario and
climate change scenarios. Additionally, land subsidence has been takaocdotint. The

approach is based on 1D hydraulic model for the Mekong Delta, coupled with a detailed
1D/2D Model, covering the city drainage network and overland flow, to simulate the
inundation depth and flow velocity in the area of interest (city center)

In a first step the 1D model was simplified to optimize calculation times, due to
computational restraints. This was achieved by an iterative generalization procedure while
keeping track of model performance against the observed data. For the upstnedaryp
condition, a streamflow generator is used to synthesize large amountsy&fasnmenoff

series (1000) for a present and two future scenarios (RCP4.5 and 8.5). The generated runoff
series are combined with 36 years of simulated extreme sea Is\wigastream boundary
condition, resulting in 36 000 combinations for each scenario (present, RCP4.5 and 8.5).
Climate change was accounted for in terms of projected annual changes in river runoff and
projected sea level rises for the corresponding cliedgctions.

Subsequently, the Gumbel distribution was fitted to the maximum water level for each
scenario. The fitted distribution was applied to determine the water level in the study area for
each return period (0800 years). The shape of the cop@sding flood hydrograph was
approximated by analyzing the simulated flood hydrographs above a threshold for each
scenario (present, RCP4.5 and 8.5). The coupled 1D/2D model was calibrated and finally
used to simulate the inundation for each return pemmtiscenario based on 15m resolution
digital elevation model. To account for land subsidence effects, a subsidence rate of 1.6
cm/year was applied for the future scenarios. The results indicate a strong increase of the
inundation extent for future climageenarios. The increase, however, is explained to a large
extent by the applied land subsidence.

The study addresses an important topic. Today, flood hazard maps are still mostly based on
single scenario calculations without the consideration of a widgeraf possible alternative
scenarios. The manuscript fits well within the scope of the journal. However, | see a number
of shortcomings which need to be addressed in the presented manuscript.

General Comments:

Comment R2_1:



A major concern is the geragion of long time series of streamflow data based on 7 years of
observed data. As researchers, we often face the challenge of limited input data and the
stochastic methods can help to overcome these limitations. However, to fit these models,
sufficient cata are needed to fit the underlying distribution functions. In my opinion, 7 years

of input data seems a rather short time period to derive meaningful distributions for the upper
tails in which the authors are interested. Furthermore, the method totgetahadata is

based on a neparametric resampling procedure (Nowak et al. 2010), which is only able to
scale the given data. This means that only observed daily patterns of the series will be present
in the generated data, and no additional variabgitptroduced. Also, it is unclear if daily or

hourly time series were generated?

Furthermore, | could not find information regarding the validation of the generated data. Are
the statistics of the observed data well captured? | also wonder if theTesamelonger time
series (2002006) available nowadays? One possibility to overcome the limitation of lacking
stream flow data (maybe not feasible as a short time solution), would be to generate data
based on meteorological data (if available for lorigee spans) including a rainfailinoff
simulation (see e.g. Falter et al. 2014; Winter et al. 2019).

Response R2_1.:

Thank you for the comment and suggestion. The most obvious reason to use synthetic
hydrology is if there is little or no data for the 'rm (Lamontagne, 2015). There are two
approaches to generate synthetic hydrology: indirect and direct. Generating discharge data
based on meteorological data, including a raisfatioff simulation ashe Referee

mentioned, is the indirect approach. Howetkis approach is not always effective because
this also depends on the recorded meteorological data, and it may not describe hydrologic
shifts at a resolution or precision that is useful.

In this study, we used the direct approach to generate syntiyeitiology based on seven
years of discharge data at Kratie by using the synthetic streamflow generatois This
explained in the MS (Lines 59197), as follows

fAs seven years of data is not sufficient to derive probabilistic results, here a synthetic
streamflow generator developed by Giuliani et al. (2017) was used to generate 1000 synthetic
flow time seriegeach one year long) for each scenario in Table 2 (current and fature)

The rationale fousing thisshort data series to generate long dat#es in this study haww
been addetb the revised M§Lines350-373), as follows

A Fi r @& the synthetic hydrologig derived from the length of discharge data (2000
2006) that was freely available to the authors at the start of this Siudy.recently, the

longer discharge data become available at the Mekong River Commission website with 66
years of data (1924 to 1970 and 2000 to 2018).



Secondly, the purpose of this study which is to quantify climate change driven variations in
the floodhazard between the present period and future time periods. Therefore, it is
important to ensure that the selected baseline period (and baseline simulations), are in fact
representative of the presetddy period. This is important because, not only haslinsate

change signal emerged in several climate variables over the last 50 years or so (i.e. signal is
clearly discernible from the inteannual variability) (King et al., 2015), but also human
activities (e.g. reservoirs) have led to noticeable changése natural regimes that may

have existed earlier in the 2@entury (see Ranasinghe et al., 2019 for example in China).
Both of these phenomena may change the probability distribution of climate variables over
time (Chadwick et al., 2019).

To investigte the stationarity of the upstream river discharge in the Mekong River, the
discharge time series at Kratie was analysed, based on the 66 years of data (1924 to 1970
and 2000 to 2018). The analysis showed that the peak discharge at Kratie has indeed
noticeably decreased over time, and particularly after 2000 (Figs. 18, 19), likely due to
irrigation expansion and upstream dam construction in recent years (MRC, 2010; Piman et
al., 2013).
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Figure 18: Maximum annual discharge at Kratie from 1924 to 1970 a2@00 to 2018
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Figure 19: Gumbel distribution of discharge peaks at Kratie corresponding to three periods ¢1924

1950), (19511970) and (200€2018)

The use of the full discharge time series at Kratie to develop flood frequency curves is
therefore inappropriate in the present study which aims to quantify climate change driven
variations in the flood hazard, and further, risk, relative to preskayt canditions, in order

to inform the development of climate resilient flood risk reduction measures for the urban

centre of Can Tho city. The use of the full observed discharge data at Kratie, including pre

2000 flow with large flood peaks, can lead to an esémation of flood hazard and risk.
Therefore, for the purposes of this study, only the $2800 discharge data were used to

represent basel]

In the revised MS, we also have added the results of using synthetic streamflow generator to

ne condi

tions. o

generate the 1000 synthetic river flow based on seven year discharge data at Kratie to assess
the validity of the method (Lines’8-383), specifically as follow:

AFi gure 20 shows

sever al

representations

basel on the seven years of observed discharge data used here, and their corresponding

statistics and extreme values.
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Figure 20: Representations of synthetic flow time seribat are generated based dhe seven years

of observed discharge data, aedrresponding statistic and extreme values.

In all, 1000 synthetic flow time series were creatgkich were then combined with 36 sea

level time series to have 36000 different water level time series at Can Tho. This helps to
capture the statistical vartaon of water level at Can Tho better, which is important in flood
hazard modelling. Usinthese36000water level timeseries does not add any information
that was originally not present in the observed data. Howesthe sedevel and river flow
timeseries are independent of each other, these combinations of statistical realizations of
streamflow with observed séavel improve the joirprobability manifestation in the
resulting longer time serieft. should be noted thathe synthetic generator mot the only

approach to achieve this. For example, a similar statistical robustness might be achieved by

times hi fti

Comment R2_2:

ng one

set

of

ser i

es against

t he

The headline of Chapter 4 is named Results and Discussion, however | think yt mainl
contains the description of the results with little to no critical review and reflection about

assumptions and limitations of the presented methodology and results. The uncertainties and

limitations need to be discussed in detail. Furthermore, if aliledsults or parts of it

should be compared to existing studies. In my opinion a sound discussion chapter is missing.

Responsdr2 2:

Thank you for the comment and suggestion. In the revised MS, we have split this section into

two separate sections inding Results, and Discussidn.theDiscussion section, we have
added detailed discussions regarding issues such as the rationale ftneigipgar data
series, comparison with results of previous studies, etc (B4@459). Since the rationale

ot

h



for using 7#year data series was presented in Response, R8relwe onlyrovide the
remainingadditionalinformation in thenewDiscussion:

fi5.2 Limitation of probabilistic distribution function

Aln this study, Gumbel di tabutionobthetmaxmmwates used
levels otthewater level time series to select design water levels corresponding to each return
period. However, there is a difference in probabilities between the empirical and distribution
guantiles corresponding to theggent and RCP 4.5 scenarios. Using theltmglinearity of

the Gumbel distribution might introduce a bias to the very extreme values. In contrast, using
the empirical distribution might result in less information loss. However, it will include all

the rardom artifacts in the observed (and generated) data. Additionally, such an analysis
needs a long series of data that are largely devoid ofstationarities (or thenbeing

carefully removed). The flow database used here, which was limited in lengthtdee to

climate change impact focus of the study does not provide the necessary data quality or
guantity to do such an analysis. Therefore, using the Gumbel distrithérers more

reasonablen our view Additionally, the difference in water levels corresgimg to large

return periods between the empirical and distribution quantiles is small. Furtherthere,
Gumbel distribution was wefitted in scenario RCP 8.5 with higher water levels.

5.3 Comparison with a previous study on flood hazard for Ninh Kieistrict

Computation of presefttay flood hazard and probabilistic flood maps using 2D models for

Ninh Kieu district has also been done before by Apel et al., (2016). However, the approach
adopted irthe presenstudy differs from that adopted in previaiadies and has added

value by improving the computation of flood hazard of Ninh Kieu district. Furthermore, this

study takes a step forward from previous studies, being the first study to probabilistically

compute future flood hazard in the study aredarrclimate change. The main value
additions of this study, compared to Apel et

Difference in using flood probabilities to develop probabilistic fluvial flood hazard maps

One of the biggest differences between the prasedy and that reported by Apel et al.

(2016) is the length of the river discharge time series used for flood frequency analysis. This

di fference is, in part, due to the different
to develop flood hazdrmaps for the preseniay while the focus of the present study is to

guantify climate change driven variations in the flood hazard.

Consistent with the aim of their study, and following traditional modelling practice, Apel et
al. (2016) used flood frequey curves at Kratie of Dung et al. (2015), which were
constructed based on the longest possible time series of river discharge at Kratie, spanning
88 years (1924 2011). In contrast, as mentioned in Section 5.1, the purpose of this study is
to quantify imate change driven variations in the flood hazard between the present period



and future time periods. Therefore, it is important to ensure that the selected baseline period
(and baseline simulationgy in fact representative of the preselay period.

Another noteworthy difference between the approaches adopted by the present study as
opposed to Apel et al.od6s (2016) study arises
hazard maps for the Ninh Kieu district presented by Apel et al. (2016)ob&i@ed by
introducingupstream flood probabilities at Kratie into a combined lasgale inundation

model for the entire Mekong Delta developed by Dung et al., (2011) together with a detailed
2D model for the Ninh Kieu district. Flood probabilities aale were then determined

based on a bivariate flood frequency analysis using annual extreme discharge and flood
volume at Kratie (Dung et al., 2015). However, floods strongly vary over space (Nied et al.,
2017; Vorogushyn et al., 2018). This spatial aaiiity of flooding would influence the flood
levels at Can Tho which is about 430 km downstream of Kratie. This important aspect is not
taken into account by Apel et al. (2016). Moreover, the river water level at Can Tho and the
resulting flood extent anciundation depth in the Ninh Kieu district are affected by the
downstream sea level, especially high tides and storm surge (Huong and Pathirana, 2013).
Thus, using flood probabilities at Kratie to develop probabilistic fluvial flood hazard maps

for the Nnh Kieu district without considering the effect of downstream sea level could lead to
someuncertainties irtheflood hazard computed at Can Tho. The present study overcomes
these shortcomings by undertaking 2D flood modelling for Ninh Kieu district loaskabd
frequency analysis at Can Tho (as opposed to Kratie) and by taking into account both river
discharges and downstream sea level in computing river water levels at Can Tho

The difference in flood extent

Comparison of the results between the twoistighows substantial differences in the flood

extent corresponding to different RPs for presant. The inundated area corresponding to 2

yr., 5 yr, 10 yr, 20 yr, 50 yr and 100 yr RP
4.98, 5.29 ki) respetively. In contrast, the inundated area for the prestayt in this study

are 0.42, 0.49, 0.54, 0.60, 0.74, 0.8 kraspectively. Apart from the two key

methodological differences between the two studies highlighted above, there are also two

other reasas that may have led to these differences in estimated piasefibod extents.

While the present study explicitly accounted for the effect of the urban drainage system in
Ninh Kieu district on flooding, Apel et al (2016) considered the entire distrioe t

impervious. This hasignificantimplications in terms of flood hazard estimations. The river
water level in Can Tho varies following the downstream tidal fluctuation {8emmal tide),

as the urban centre of Can Tho (Ninh Kieu district) is conmlewith the Hau River and Can

Tho River via the open sewer channel and urban drainage system. Therefore, for e.g., if
during the flood phase of tide, the river water level rises above lowest elevation of the top of
the manholes in the city, although withoetcessarily being higher than the crest elevation of



the river embankment, this will lead to flooding in the city centre due to backwater flow
through the urban drainage/sewer systems (noteetarn valves are largely dysfunctional

in Ninh Kieu distric}. This is consistent with the flood situation in Can Tho, which was
described in Nguyen (2016)

(http://www.cantholib.org.vn:84/Ebook.aspxZ¥B9F975353796 A6E64627B93B65654746
C6B65637B91B8575%7When the river water level drops during the ebbing phase of the
tide, the inundation level is also reduced mostly as flood water is drained through the urban
drainage/sewer systems. Hence, incorpoigithe effects of the flood drainage system, as
done in the present study is crucial for correctly estimating flooding in this study area.

Both studies used the DEM presented by Huong and Pathirana (2013) for the study area as
the input data of the 2D model. However, stemming from the above mentioned lack of
consideration of the effects of the urban drainage/sewage systems, Apel et ala¢podtéy

the elevation of the DEM data by subtracting 0.5m from the original DEM in order to

achieve an acceptable validatiohtheir 2D model. Apel at al. (2016) justify this decision
referring to the two large fluvial flood events that occurred in 2@iifh "extraordinary"

peak water levels, but "the banks as given in the DEM were not overtopped, and thus no
inundation would occur”. However, revisiting the data of water levels at Can Tho station in
2011, used in Chapter 2 to validate the 1D simplifreztiel for the entire Mekong Delta, the

peak water levels of these two events occurred on the 28th of September and 27th of October
with peak water levels of 2.04m and 2.15m, respectively. Both these water levels are higher
than the bank elevation extractedm the original DEM data (approximately 1-2.0 m) at

the surveyed point in Apel et al. (2016). Thus, these two flood events would, in reality, have
caused flooding in the Ninh Kieu district by both backflow through the urban drainage

system and by ict overtopping of the river embankment. The lowering of the entire DEM is
therefore the likely cause for the substantially larger presegtflood extents estimated by
Apel et al . (2016) , relative to those comput

Comment R2_3:

| think the overall results of the study are associated with very large uncertainties. Due to the
lack of critical discussion this is not clearly laid out in the presented study. Furthermore, as
stated in the manuscript, the main influencing factor fofuhee flood hazard is based on

the applied land subsidence rate. This is, however, only threated as a minor issue in the
manuscript. How is the subsidence rate considered in detail? The way | understood the
article, the rate is linear interpolation by tm per year up to 2050, however is this a valid
assumption? Is the subsidence rate homogeneous over space and time? Is the methodology
for considering the subsidence rate by simply modifying the DEM solid and common?

Response R2_3:


http://www.cantholib.org.vn:84/Ebook.aspx?p=27B9F975353796A6E64627B93B65654746C6B65637B91B857557
http://www.cantholib.org.vn:84/Ebook.aspx?p=27B9F975353796A6E64627B93B65654746C6B65637B91B857557

Thank you for theomment. In the revised MS, we have adslechediscussion related to the
uncertainties associated withsults of this study (Line€%46-459). Pleasalsosee Responses
R2_1 and R2_2 above.

Regarding land subsidence, up to now, there is no study on theulasidence specifically at

the Can Tho city; therefore, this study used an average land subsidence ratavoft.6or

the entire Mekong Delta (Erban et al., 2014; Minderhoud et al., 2015) in scenarios
considering the effect of land subsidence orflihed hazard at Ninh Kieu district, even

though land subsidence in the Mekong Delta is not uniform, with the rates ofr(lLy#)

(Erban et al., 2014; Minderhoud et al., 2013nd subsidence is here considered to be linear
at a rate of 1.6 cm.y theground level at a specific time in the future is determined by
adjusting the DEM which is indeed common practice (Tiggeloven et al., 2020; Shirzaei et al.,
2021) While we acknowledge that this treatment of land subsidence is simplistic, the lack of
spato-temporally varying land subsidence projections at the study site precludes the
consideration of more sophisticated approaches to address this issue.

Specific Comments:

Comment 1:

P4 L.114 | understand that performance is critical, but why mustatbelation time be 1
minute? Is this not a rather subjective assumption and will it not always be depending on the
individual case?

Why do you speak of hourly time steps? | thought the generator is based on daily values, or
did you produce hourly values?

Response 1:

Thank you for the comment. Among the key features ohowstationary fluvial flood

hazard modelling approach, the simplified model for the entire Mekong Delta was presented
in Ngo et al. (2018), which casomplete the simulations in the spaf a minute. In this

study, we summarised this feature with the aim to provide information to readers. The 1
minute is strictly in reference to this specific application and is not intended to be taken as
standard for applications in other river systems.

Regarding hourly time steps, this was a mistake while preparing this MS. In the revised MS,
Ahourly time stepo has beendcorrected to

Comment 2:

fida



P6. L183 Are the skill values based on the total time series? Do they alse ¢hptu
extremes well? Maybe you could add a validation plot to the manuscript. On what basis do

you judge the skill values as fAvery goodo an
Response 2:
Thank you for the comment. Il n the nMaodel red

as muchnformation as possible to readers abmut approach inleveloping a simplified

model for the entire Mekong Delta. The details of the results given in this section have been
presented in Ngo et al. (2018). Therefore, in this section, we omlynarise and emphasize

that the simplified model was calibrated and validated by comparing simulated and observed
water levels at Can Tho gauging station for 2000, 2001, 2002, and 2011. The results indicated
that the performance of the simplified modehcseptable. Even with the year 2011, which

had an extreme flood event on 27th October,
two indicators, NSE (0.77) and RMAE (0.04) f
Aexcell ent 6 r at iheglassifieatian ofgactvirdicatob by Slasidand n t
Sutcliffe (1970) and Sutherland et al. (2004 detailed classification of these indicators

was presented in detail in Ngo et al. (2018) and is therefore not repeated here.

Comment 3:

P6. L186 Aren’t longetime series available than 2006 nowadays? In my opinion this is a
very poor data basis for the applied usage.

Response 3:

Please see Response R2_1 to Comment R2_1 above.

Comment 4:

P7.L197 As | understand the statement,-altange is sampled out difet given range and
applied to the generated data. What about the dynamic? | think there may be more complex
changes in the system than only a percentage change and, more importantly, an annual
change does not necessarily say something about possibleegirents. These assumptions
and limitations need to be at least addressed in the discussion.

Response 4:

Thank you for the comment and suggestion. We agree that an annual change cannot say
anything about possible extreme events in the future. Accuraleiwa of extreme events

(e.g., time, magnitude) is always difficult and uncertain. In this study, we relied on Hoang et
al.'s prediction for the change in riverflows (magnitude) at Kratie due to the effects of climate



change, including extreme eventsaadetailed analysis on changes in extremes in the study
areais outside the scope of this study.

Comment 5:

P7.L215 If you produced 36.000 series, would it not also be possible to derive the boundary
conditions directly from the generated full hydrqgra? Then you would not need to make

any assumptions about the hydrograph. The shape of the hydrograph may change between

different return periods. Also, by only looking at the water level, you may miss the important

factor of flood volume for the hydraalmodelling exercise (e.g. Grimaldi et al. 2013).

Response 5:

Thank you for the comment. We agree that flood hydrograph shape may thradiifferent
return periods, evefor a single return period evethieremay bedifferent flood hydrograph
shapes. There are many hydrograph shapes of water level in 36000 water level time series
containing at least one water level corresponding to a specific return period. Therefore,
selecting an appropriate flood hydrograph foetaim period is not trivial.

In this study, we performed a detailed analysis of the flood hydrograpesand selected

the highest hydrograph shape of water level in all hydrogsiagpescorresponding to

Pattern 1 as the typical flood hydrograph shape, which was then sxt#iednaximum water
level with calculated water levels corresponding to each return period to createhthe 24
boundary condition time series for the 1D/2D flood modslsuch, in this regard, we believe
our approach could be considered as an advancement compared to previous studies.

In addition, we would also like to emphasize that hydrograph shapes of water level at Can
Tho are obtained from the combination of dowesin sea levels and upstream riverflows,
including flood peak and hydrograph shape (i.e. flood volume).

Comment 6:

P7. L220 There might be a much broader variability of possible flood hydrograph shapes.
Even if all 36k scenarios are analyzed, the interdaiability is based on 7 years of input
data. The resampling algorithms of the generator will not introduce further variability. This
needs to at least be addressed in the discussion.

Response 6:

We agree with the the Reviewer that there are limitatiorair study which we hope are
now better described in the manuscript. The decision to usesewywyears of discharge
data was due to a combination of the data that were available to the authors at the time of this



study and importantly due to the chte change focus of the study. Please see our detailed
response to R1_3 on these issues

Comment 7:

P8. L249 | think it is not necessary to explain how exactly the inundation grids are produced
by telling which ArcGIS Tools were applied.

Response 7:

Thankyou for the comment. This information was added into thefdi8wing an editorial
requestAdditionally, we also thought that providing this information would help readers
understand moreur methodology.

Comment 8:

P9. Headline AResul tdiakdtbhDieseusasieomai nly re
discussion. | would advise to add a separate discussion section.

Response 8:

Thank you for the comment and suggestion. In the revised MS, we have split it into two
separate parts including Results andcDssion.The Discussion section contains detailed
discussions regarding issues such as the rationale for ugeey tlata series, comparison
with results of previous studies, eRlease see our detailed response to R2_2

Comment 9:

P9. L268 | cannot ideify two patterns in Fig 9a). Only two cases differ in all plotted
simulations for 9a), which I would not <cal/l

Response 9:

Thank you for the comment. In the MS, we used a water level threshold of 2.15m to identify

water level time series thhtawve at least one peak water value greater than 2.15m for both

scenarios RCP 4.5 and RCP 8.5. Then 24 h long time series around each peak value (12 h

earlier to 12 h later) were extracted. For scenario RCP 4.5, although the number of water

level time sers with flood hydrograph shape of Pattern 1 is limited (two time series) (Fig.

9a), they havéhe same shape as flood hydrograph shapes of Pattern 1 in Fig. 9b
corresponding to scenario RCP 8.5. Therefore
the other flood hydrograph pattern (Pattern 2).

Comment 10:



Fig. 3 | think calibration/validation plot for the events (see comment P6. L183) would be of
more interest to the reader.

Response 10:

Thank you for the suggestion. However, there appears to be a misunderstanding here. Figure
3 in the MS was presented to show the highest observed flood water levels in Can Tho since
2000 and official flood water level alarms in Can Tho following Decision.N6 3 2I'TgQ n

issued on May 10th, 2010 to describe the flooding situation in Can Tho.

Regarding calibration/validation plot for the events related to comment P6. L183, calibration
and validation of the simplified model with the measured water levels getdre2000, 2001,
2002, and 2011 is presented in detail in Ngo et al., (2018) and not repeated here.

Comment 11:

Fig. 4 is close to identical to Fig. 1. I think it is really helpful to understand the workflow, but
it may be combined with Fig. 1

Response 11:

Thank you for the comment. We agree that there are many similarities between Fig. 1 and
Fig. 4 in the MS; however, we would like to retain them as they are because these figures
help readers understand the general methodology adopted versus speeiftudy
applications (this study).

Comment 12:

Fig. 6. The fitted distributions seem to be biased for higher return periods. This is probably
related to the short input time series.

Response 12:

Thank you for the comment. Usually, the fit@idtributions are more biased for large return
periods (at the tail of the distribution). This is because the length of recorded data is smaller
than the value corresponding to large return periods. However, in this study, to say that the
bias is relatedat short input data is not entirely correct. This is demonstrated in Figure 9c in
the MS, which shows that empirical quantiles and the distribution quantiles coguitare

well.

Comment 13:



Fig. 8 | am not an expert on drainage simulations, but | dormderatand the plot. Is the red
line the simulated line? Why is it higher at the beginning of the simulation than the observed
one? Is the plotted elapse time window appropriate?

Response 13:

Thankyou for thecomment. The red lines are the simulated waé¢gths at two manholes.

Fig. 9 shows the comparison between the simulated water depths and measured water depths
in manholes at the time of conducting the water depth survey in the sewer; however, the
starting time of the simulation is 9 hours earliemtkize time shown in this figur&his is

why simulated water depths are higher than measured water depths at the beginning of the
comparison.

Comment 14:
Fig. 9 see comment P9. L268

Response 14:

Please seeurresponse to the specific comment 9 above.

Technical Notes:

Comment 1:
P.2 L.62 Either use fhe.g.0 or fdetc. o

P.4 L.104 Either use fHe.g. 0 or detc. o
Response 1:

Thank you for the correction. We have adjusted this in the revised MS (LenedGl@).
Comment 2:

P4. L109 Possible alternative: fAnot al ways
Response 2:

Thank you for the suggestion. In the revised MS, we have updated this Q9ne 1

Comment 3:

P5. L135 The | ink doesnoét wor k



Response 3:

Currently, this link still works. However, whenaking the link directly in the MS, it is

somehow combined with row number 135 (row contains the link in the MS) and parentheses,
which results in not being able to access the link. Please use the same link here
(https://github.com/julianneg/KirseNowak_Streamflow_Generajor

Comment 4:

P5L.135Thi s coul d be mov e d-sdctondttheendofilede avail al
manuscript.

Response 4:

Thank you for the suggestiodowever, since the synthetic streamflow generator has been
developed by Matteo Giuliani, Jon Herman, and Julianne Quinn, we think it is reasonable to
mention the link of the synthetic streamflow generator at the place when it was first
introduced in the MS

Comment 5:

P10 L3001 Ainundated areao instead of infl ood

Response 5:

Thanks for your comment. We have adjusted this in the revised MS32&e
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