Response to Reviewer #2°s comments on the manuscript HESS-2022-362

General comments:

Summary: the authors evaluate tradeoffs between behavioral heterogeneity in departure
time, which route they choose and where evacuation centers are location on traffic
congestion and time to evacuate the affected population using a coupled model of flood
inundation and traffic routing. The paper is very interesting and well organized.
Following are few of my comments that the authors may want to consider before
resubmitting their manuscript:

Response:

Thank you for the positive comments and excellent suggestions that have led to
significant improvements to this study. We have addressed your comments point-by-
point as follows. Note that the text in grey are the reviewers’ original comments. The
text in blue are our responses to the comments. The text in red are the new additions

included in the revised manuscript.

Comment 1:

- at places authors may want to check for language

Response to comment 1:

We have followed the suggestion and have the paper proofread by a professional
language editor from the AJE Company, which has very good reputation in English
language editing for technical and academic writing. The changes have been included

in the revised manuscript.

Comment 2:

- there is reference to sociohydrology - perhaps the authors can spend some space on
why it is sociohydrology (e.g. because of bidirectional feedbacks between agents
decisions and travel times). Also more references, placing this study in the landscape
of other sociohydrological studies would be helpful.

Response to comment 2:



Thank you for the helpful suggestion. In the revised manuscript, we have added some
text to describe why this model is a socio-hydrological model and how it is connected
with other socio-hydrological studies, which read as follows.

“Specifically, the hydrological component of the socio-hydrological modeling
framework is represented by the MIKE 21 model, which simulates flood inundation
processes across space and over time in a flood-prone area for a given storm event. The
simulation results of the MIKE 21 model can provide flood risk information and will
be used by policy makers to make flood management plans. In comparison, the social
component of the modeling framework is represented by the ABM and MATSim
models, which simulate policy makers’ flood management plans, households’ responses
to flood information and management plans, and their collective evacuation activities
in the road network. By coupling the three models, our modeling framework is capable
of simulating a wide range of components and processes in a coherent manner to
support flood management.” (Lines 138-147)

“The proposed modeling framework is motivated by and based on previous socio-
hydrological studies that called for incorporating multiple factors in coupled human-
flood systems to support holistic flood management. These factors may be associated
with a wide range of interdisciplinary domains, such as hydrogeological conditions,
flood inundation process, information dissemination platforms, risk perception and
awareness, social preparedness, public policy, and urban infrastructure development
(Barendrecht et al., 2019; Di Baldassarre et al., 2013; Fuchs et al., 2017; Pande and
Sivapalan, 2017; Troy et al., 2015; Viglione et al., 2014; Yu et al., 2022).” (Lines 646-
654)

Comment 3:

- It remains a semi-empirical study. The authors may want to discuss what next steps
should be taken to make it more realistic in terms of mapping household behavior. For
example, using household surveys on psychological factors that may influence such

behavior. Can the behavior of others influence the psychology of those who have not
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yet started to evacuate (e.g. "others are evacuating with urgency so I better hurry"). This
may be a more conscious feedback than the travel time congestion feedback due to
heterogeneity in time of departure)

Response to comment 3:

Thank you for the helpful comments. We fully agree with the reviewer that it would be
helpful to consider more psychological and social factors for the improvement of this
study. In the revised manuscript, we have added some text to discuss a number of future
research directions, which read as follows.

“It is worth noting that this study is subject to many simplifications and assumptions
due to data incompleteness and the specific research scope of the current work. Future
study could incorporate more psychological and social factors to describe agents’
decisions during evacuation processes. For example, future study can conduct surveys
and questionnaires to quantify households’ evacuation preparation times after receiving
flood evacuation orders (Lindell et al., 2020). Also, future studies could consider other
factors that may affect human flood risk perception and risk awareness, such as social
memories, social interactions and observations of neighbors’ actions (Du et al., 2017;
Girons Lopez et al., 2017). These extensions and improvements can make the model
capable of simulating more realistic decision-making processes and more complex
human-flood interactions to support emergency management during floods.” (Lines

745-755)

Comment 4:

- Table 1 is secondary not primary data. Primary data is self-measured, e.g. through
field campaigns

Response to comment 4:

Thank you for clarifying the terminology. We have followed the comment and removed

the word “primary” in the revised manuscript. (Line 383)

Comment 5:
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- How are the travel time results affected when shelter locations are designed to be
located close to denser parts of the population than when they are randomly assigned
in space? Here, perhaps simulations with more number of shelters and where they are
designed to be located are needed to conclude that marginal gains reduce as number of
shelters are increased.

Response to comment S:

Thank you for the comments about the relationship between agents’ travel time and the
number of shelters. Yes, the simulation results have shown that agents’ travel time
decreases if shelters are located closer to denser residential areas, because such a shelter
location distribution method can reduce agents’ travel distances as compared with the
scenario in which shelters are randomly located. Indeed, the reviewer is correct that
marginal gains of establishing more shelters will decrease as the number of shelters
increases (shown by Figure 9). In the revised manuscript, we have followed the
comments and added some text to highlight these findings, which read as follows.
“Notably, the modeling results show that agents’ evacuation time decreases if shelters
are located closer to denser residential areas. This is because a shelter located close to
denser areas can reduce agents’ travel distances (A shorter distance is typically
associated with a shorter travel time). Furthermore, the modeling results show that the
reduction in residents’ evacuation times, due to the increase in the number of evacuation
shelters, could be significantly affected by the existing number of evacuation shelters
and, in particular, their geographical distribution. After a certain number of evacuation
shelters are established (larger than three in this case study), including more shelters in

the system has a marginal effect on reducing evacuation times.” (Lines 493-500)

Comment 6:

- Are system wide shortest routes calculated for each of households that have yet to
decide to evacuate at each time step of the simulation? This is not clear and perhaps
affects the interpretation of the results regarding the superiority of centrally planned

routes. What if households are just given live updates on congestion and then let them
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decide on their own vs a route that is centrally planned before the flood hits. Centrally
planned routes may still be better if they are repeatedly calculated at each time step of
simulation where central planners also have information on congestion on various
routes and it would be interesting to see how this fares compared to agents deciding on
their own route but with live information on congestions. Perhaps the authors may want
to provide result on this so the two cases can be fairly evaluated (self-organization for
evacuation vs centrally planned one - which one is better?)

Response to comment 6:

Thank you very much for the excellent comments that help us to clarify the two route
search methods. We would like to address the comments in turn below.

(1) Regarding the clarification of the two route search modes, mode 1 is the shortest
route search method in which an agent selects the shortest route from its original
location to evacuation destination in the road network. Thus, an agent’s choice of route
in mode 1 will not be affected by its departure time, because the agent will always
choose the shortest route regardless of the time at which it starts to evacuate. In contrast,
model 2 applies a global optimization method so that the agents’ routes are optimized
to achieve system-level evacuation efficiency. In mode 2, agents’ evacuation routes will
be affected by real-time traffic condition and the evacuation status of other agents.
Therefore, an agent’s evacuation route might be different if it starts evacuation at a
different time. We have added some text in the revised manuscript for clarification,
which read as follows.

“An agent’s choice of evacuation route in mode 1 will not be affected by its departure
time, because the agent will always choose the shortest route regardless of the time at
which it starts to evacuate.” (Lines 226-228)

“In contrast with mode 1, an agent’s evacuation routes in mode 2 will be affected by
real-time traffic condition and the evacuation status of other agents. Therefore, an
agent’s evacuation route in mode 2 might be different if it starts evacuation at a different
time.” (Lines 231-234)

(2) We thank the reviewer for proposing an alternative route search method, in which
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the agents are given real-time updates on traffic congestion and let them determine
evacuation routes (We may call this travel method “mode 3”). We agree with the
reviewer that the global optimization route search method (mode 2) would still be better
than mode 3, because mode 2 focuses on achieving system-level evacuation efficiency
while mode 3 focuses on achieving individual-level evacuation efficiency. Furthermore,
among the three route search methods, we hypothesize that the evacuation performance
of mode 3 is between that of mode 1 and mode 2, and it would be interesting to
explicitly quantify the differences among the three route search modes. Unfortunately,
the functionality of mode 3 is currently not available in the latest version of MATSim
software (the traffic simulation model used in this study). So we would like to leave it
as a research limitation to be addressed in future work. We have added some text in the
revised manuscript to discuss this research extension, which read as follows.

“Future study could improve the transportation model to consider more complex agent-
agent and agent-environment interactions during evacuation processes. For instance,
besides the two route search methods that have been analyzed in this study, future work
may consider another type of route search method, in which agents have access to the
real-time information on traffic conditions and may decide to change their evacuation
routes over time. This extension will enhance the functionality of the transportation
model and improve the simulation of agent behaviors during evacuation processes.”

(Lines 717-724)
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