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Abstract
In this study, we investigatedwhether and how the storm surge induced byHurricaneKatrina could
change if it occurs in a futurewarmer climate, and the sensitivity of the changes to atmospheric forcing
resolution. Climatemodel simulations ofHurricane Katrina at 27 km, 4.5 km, and 3 km resolutions
were used to drive storm surge simulations in historical and future climates using the ADvanced
CIRCulation (ADCIRC)model.We found that peak surge height increased significantly in the future
with all forcing resolutions. However, the future projection is 22% greater in the 3 km forcing, typical
of regional climatemodels, compared to the 27 km forcing, typical of state-of-the-art global climate
models. Additionally, the spatial extent of the future change is highly sensitive to forcing resolution,
extendingmost broadly under the 27 km forcing. Furthermore, we found that storm surge duration
decreases in the futurewith all forcing resolutions due to increasing TC translation speed and
decreasing ocean lifetime.However, the future change in the surge duration is sensitive to the forcing
resolution, decreasing by 31% in the 27 km forcing and 6% in the 3 km forcing.

1. Introduction

One of themajor hazards of landfalling tropical cyclones (TCs) to coastal communities is storm surges. Storm
surges cause coastal inundation and flooding, which lead to loss of life and destruction of infrastructure. For
example, in 2005,Hurricane Katrina affected several coastal regions in theUS along theGulf ofMexico and
caused over 1,800 fatalities andmore than $100 billion in property damages (Knabb et al 2005, Kates et al 2006).
A significant portion of the damages caused byHurricane Katrinawere directly linked to storm surge and its
associated coastal inundation (Rappaport 2014). Storm surges are also estimated to cause almost half of fatalities
associatedwith TCs (Rappaport 2014).

Although storm surge depends on the geophysical characteristics of the impacted area, such as the
bathymetry and coastline geometry (Rego and Li 2010,Weaver and Slinn 2010,Mayo et al 2014, Akbar et al
2017), it is strongly driven by storm characteristics including intensity, size, and translation speed (Zhong et al
2010,Needham andKeim 2014, Sebastian et al 2014, Thomas et al 2019). Therefore, reliable storm surge
predictions require accurate information about storm characteristics. Climatemodel projections show that
some of these storm characteristics will change in the future (e.g., Knutson et al 2010, Bacmeister et al 2018,
Bhatia et al 2018, Patricola andWehner 2018). Specifically, there ismedium-to-high confidence that the global
average intensity of TCswill increase in the future due to global warming (Knutson et al 2020). This will likely
impact future storm surges even before considering the compound effects of sea level rise.

Hurricanewind and pressure fields are used asmeteorological forcing inputs for storm surgemodels to
estimate coastal inundation (Cardone andCox 2009,Dube et al 2009,Dietrich et al 2012). Thesefields are
usually obtained fromobserved and simulated hurricane data. For instance, Fossell et al (2017)used best track
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data asmeteorological forcing for a hydrodynamic coastal surgemodel to investigate the sensitivity of
inundation forecasts to errors in hurricane parameters by adding systematically generated perturbations to
them. Their results showed that errors in TC tracks and intensity limit the practical predictability of storm surge
inundation. Similarly, Kowaleski et al (2020) used a storm surgemodel to simulate coastal inundation using
hurricanewind and pressure fields from a regional climatemodel asmeteorological forcing. They showed that a
shorter lead time in the atmospheric forcing input provides higher confidence in inundation predictions.

To investigate how global warmingwill influence storm surge risk, hindcasted (historical) and projected
(future)TCwind and pressure fields can be used as forcing inputs to storm surgemodels. The simulated changes
in inundation can then be determined. As done inmany previous studies, a common approach to provide both
historical and future TC information is to use regional (RCM) or global climatemodel (GCM) simulations as
forcing inputs (Marsooli et al 2019,Mori et al 2019, Camelo et al 2020, Shimura et al 2022, Ayyad et al 2023,
Salarieh et al 2023). The horizontal resolutions of the forcing inputs usually differ among the various studies and
models. Forcing resolutions based on recent studies have ranged from4 kmorfiner (e.g., Camelo et al 2020) to
coarser resolutions of at least 60 km (e.g.,Mori et al 2019).

Horizontal resolutions of∼0.25° orfiner are usually considered TC-permitting in high-resolution
numericalmodels (e.g., Patricola et al 2017, Roberts et al 2020, Fu et al 2021, Li et al 2023). Similar resolutions are
sufficient for the large-scalemodeling of TC surges (Bloemendaal et al 2019). However, TC characteristics such
aswind speed and central pressure, two of themain drivers of storm surge, are highly sensitive to horizontal
resolution at TC-permitting scales (Jin et al 2014; Davis, 2018; Patricola andWehner 2018). Consequently,
simulated storm surge and its characteristicsmay be sensitive to the horizontal resolution ofmeteorological
forcing input used for storm surgemodels. Generally, finer horizontal resolutions produce stronger andmore
realistic TC intensity compared to coarser resolutions (Davis 2018, Roberts et al 2020). Based on this, it is
expected that TCwind and pressure fields based on typical convection permitting RCMresolutions (4 kmor
finer)will produce stronger storm surges than fields based onmost common and publicly available currently
high-resolutionGCMswith resolutions around 25 km. Examples of suchGCMs are those included in theHigh-
ResolutionModel Intercomparison Project (HighResMIP) (Haarsma et al 2016). However, it is unclear how
much themagnitude of storm surges produced by forcings at typical RCMresolutionswill differ from those
produced by typical GCMresolutions. This is further complicated by the response of TC intensity to climate
change.While TC intensity increases in response towarmer conditions in climatemodels, the changemay not
necessarily be equal when comparing the responses at different horizontal resolutions for the samemodel.
Additionally, other surge characteristics, such as the duration, are also influenced by the intensity of storm
surges and are thus likely sensitive to the horizontal resolution of atmospheric forcing.However, there are
currently no studies quantifying such differences.

Therefore, the goal of this study is to usemeteorological forcings of different resolutions to investigate
whether and how the storm surge caused byHurricane Katrinawill change if a similar event occurs in a future
warmer climate. The novelty andmain contribution of this study are to both project Katrina’s future storm surge
characteristics, including the peak surge height and surge duration, and to quantify their potential sensitivity to
meteorological forcing resolutions typical of RCMs and state-of-the-art GCMs.Wemade storm surge hindcasts
ofHurricaneKatrina usingmeteorological forcings of different horizontal resolutions as inputs to the ADvanced
CIRCulation (ADCIRC)model (Luettich et al 1992).We then used the pseudo-global warming approach to
investigate whether and howHurricane Katrina’s surge, including peak surge height and duration, would
change if it occurred in a future warmer climate.

2.Materials andmethods

2.1. Storyline hurricane simulations
Sea level pressure (SLP) andwind fields forHurricane Katrina in historical and future climates were used as
meteorological forcing inputs to the ADCIRCmodel. These fields were produced fromWeather Research and
Forecasting (WRF)model simulations (Patricola andWehner 2018). TheNational Centers for Environmental
Prediction (NCEP)Climate Forecast System (CFS)Reanalysis (Saha et al 2010) provided initial and lateral
boundary conditions for the historicalWRFmodel hindcasts ofHurricane Katrina, which covered the period
from27 to 31August 2005 at 00UTC. After verifying that the hindcast was realistic by comparing the simulated
TC tracks and intensity to those of observations, the historical boundary conditionswere then perturbed by
adding an anthropogenic climate change signal to perform experiments representingHurricane Katrina if it
were to occur at the end of the 21st century, using the pseudo-global warming (Schär et al 1996) or ‘storyline’
approach. The climate change perturbation for the end of the 21st centurywas based on simulations from the
Community Climate SystemModel (CCSM4) under the Representative Concentration Pathway (RCP) 8.5
scenario of theCoupledModel Intercomparison Project Phase 5 (CMIP5).
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In both the historical and future climates, simulationswere performed using three horizontal resolutions
(i.e., 27 km, 4.5 km, and 3 km). Thismakes the simulations suitable for investigating the sensitivity of simulated
storm surges to the horizontal resolution ofmeteorological forcing at TC-permitting scales. In the 27 km
simulations, convectionwas parameterized, while the 3 km and 4.5 km simulationswere convection-
permitting. Ten ensemblemembers were produced in both the historical and future simulations. In addition,
the simulatedfields were output at three-hourly time steps. The simulated TC coordinates were determined
using the location of theminimumSLP. Further details about the simulations, including the evaluation of the
historical hindcast, are presented in Patricola andWehner (2018).

2.2. Storm surgemodel
Weperformed storm surge simulationswith the two-dimensional (2D) depth-integrated ADCIRCmodel
version 55. TheADCIRCmodel is a hydrodynamic circulationmodel that solves amodified formof the shallow
water equations. It uses thefinite elementmethod tomodel the equations in space. Therefore, it can be run using
highlyflexible unstructuredmeshes. Such flexibility provides computational efficiency in coastal hydrodynamic
modeling applications where finer spatial resolution is desired near the coast than in the deeper ocean. The
ADCIRCmodel can accurately represent water elevations andwind-driven currents and has undergone
extensive validation formany applications, including real-timeTC-induced surge operations in various coastal
regions across theworld (e.g., Butler et al (2012), Colle et al (2008), Deb and Ferreira (2018), Dietrich et al (2010),
Fleming et al (2008), Lin et al (2012),Westerink et al (2008)).

TheADCIRCmesh used in this study is theHurricane SurgeOn-demand Forecast System (HSOFS)mesh,
whichwas developed byAECOM,Riverside Technology, and theNationalOcean Service (NOS) (Riverside
Technology andAECOM2015). TheHSOFSmesh consists of∼2million nodes and∼3.5million triangular
elements, covering the entire Gulf ofMexico and extending into the AtlanticOcean to the approximate
longitude of 65°W (Supporting Information figure S1). Additionally, themesh extends to all overland areas of
theUS coast up to an elevation of 10mabovemean sea level (MSL), with a resolution as small as 200m in
nearshore areas, which allows themodel to resolvemany aspects of inundation such as land surface
heterogeneities. Further details can be found inRiverside Technology andAECOM (2015).

2.3. Storyline storm surge simulations
To simulate storm surge, tides in ADCIRC are generated by applying tidal forcing at the open ocean boundaries
of themesh using the eightmajor tidal constituents from theTPXO9 tidal atlas (Egbert and Erofeeva 2002). A
model time step of 2 s was used for the simulations. Before themeteorological forcing is applied, a 20-day spinup
period isfirst simulated to allow themodel state to come to equilibrium. After the spinup period, a control
simulation ismade for the period covered by theWRF simulation ofHurricaneKatrina (i.e., 27 to 31August
2005). The control simulation did not includemeteorological forcing but only tidal forcing. Thus, the control
simulation represents the simulated tides. Themaximumwater elevation for the control simulation is shown in
Supporting Information figure S2.

The hindcasted SLP and 10-mwindfields at 27 km, 4.5 km, and 3 kmhorizontal resolutionwere then used to
force the ADCIRCmodel to simulate the historical surge caused byHurricane Katrina. To verify the accuracy of
the storm surge hindcasts, we compared the simulated total water elevation time series to observations from two
NationalOceanic andAtmospheric Administration tide gauges. The comparison reveals that the ADCIRC
simulation reasonably reproduces the observed total water levels (figure S3).We thenmade simulationswith the
ADCIRCmodel to represent the storm surge caused byHurricaneKatrina if it occurred at the end of the century
inwarmer conditions using the SLP and 10-mwindfields based on the RCP8.5 scenario. Ten-member
ensembles were performed for each forcing horizontal resolution in the ADCIRC simulations. Outputs from the
ADCIRCmodel simulationswere saved at 30-minute intervals.

Twometrics are used in our analysis of storm surge inundation risk. ADCIRCproduces a globalmaximum
water elevation file for each simulation. Thisfile contains the peakwater elevations at each node during the
simulation period. Thus, themaximum storm surge is determined by subtracting themaximumwater elevation
at each node in the control simulation from the historical and future simulations.We then investigated the
duration of storm surge at each node. First, surge (S) is computed as:

S E Tt n t n t n, , ,= -

Where E andT are the simulated total water elevation and predicted high tide respectively, at time step t and
node n. To estimate the duration, only S 1m is considered. This approximately corresponds to the current
operational warning threshold of theNationalHurricane Center (3 ft.) for coastalflooding. Surge duration is
then defined simply as the length of timewith at least 1m surge at each node expressed in days.
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3. Results

3.1. Peak storm surge
As expected, the simulated storm surge is sensitive to the horizontal resolution of atmospheric forcing (figure 1).
While the spatial distribution of peak surge heights (henceforth Speak) is similar across all resolutions in the
historical period (figures 1(a)–(c)), themagnitude of Speak is lowest with the 27 km forcing and highest in the 3
km. The Speak increases for all resolutions in the future (figures 1(d)–(f)). Thus, the horizontal resolution of
atmospheric forcingwill not change the sign of projected storm surge. Themagnitude of Speak in the future
remains lowest in the 27 km forcing and highest in the 3 km forcing.

To quantify the differences in themagnitude of simulated storm surge based on the three resolutions, we
further investigated the Speak over the subregion denoted by the black box infigures 1(a)–(f), given that it is where
the highest surge values occur. It should be noted that this subregion has both offshore and onshore nodes,
althoughmuch of the surgewithin it is offshore andwould not necessarily contribute to the inundation in the
coastal areas. However, the largest values of Speak occur over typically dry areas onshore. Therefore, we compared
the 95th percentile of Speak values within the selected subregion. In the historical period, the 95

th percentiles of
Speak are 4.4, 4.8, and 5.4m for the 27, 4.5, and 3 km forcings, respectively. These values represent the least peak
surge in 5%of all nodes within the subregion.However, this is not necessarily equivalent to 5%of the total area
of the subregion, as the node lengthsmay vary. In the future climate, the 95th percentile increases by 9.1%,
10.4%, and 11.1% relative to the historical period for the 27, 4.5, and 3 km forcings, respectively. This represents
a future projection that is 22%higher in the 3 km forcing compared to the 27 km forcing. In each case, the
increase from the historical to future periodwas statistically significant (p< 0.05).Moreover, we found that the
difference in peak surge height between the 3 km and 27 km forcings within the selected subregion is statistically
significant (p< 0.05), whether in the historical or future climates.

The change between the future and historical climates shows an increase in Speak to the east of the TC track
and a decrease to thewest across all three resolutions (figures 1(g)–(i)). This is attributed to the counterclockwise
motion of TCwinds, which forces water toward the coastline on the eastern side of the TC track and away from
thewestern side. Furthermore, the change is larger and covers a broader spatial extent in the 27 km forcing. The

Figure 1.Ensemblemean peak surge heights (m) for the (a)–(c) historical and (d)–(f) future surge simulations forHurricaneKatrina,
and (g)–(i) the change between the two periods (futureminus historical) for the 27 km, 4.5 km and 3 km forcings. The black lines
represent the simulated TC track. Peak surge is further computedwithin the subregion denoted by the black box. The * on the second-
row subplots indicates a statistically significant (p< 0.01) change from the historical to the future climatewithin the black box.
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results presented infigure 1 indicate that themagnitude of both the simulated storm surge and its future changes
are sensitive to the horizontal resolution of the drivingmeteorological forcing.

The lowermagnitude of Speak produced by the 27 km forcing in the historical simulation can be largely linked
to the intensity of the simulated TC, defined here as the peak 10-mwind speed during the TC lifetime.
Figure 2(a) shows the peak 10-mwind speed during the TC lifetime over all ten ensembles. In the historical
period, the peakTC intensity is lowest in the 27 km resolution, with an ensemblemean (yellow triangle) of
101 kts, 142 kts, and 149 kts for the 27 km, 4.5 km, and 3 km forcings, respectively. For all three resolutions, the
TCbecomesmore intense in the future climate, with the ensemblemeanwind speeds increasing by 10.8%,
9.7%, and 9.2% for the 27 km, 4.5 km, and 3 km forcings, respectively. It is interesting to note that the percentage
increase in the TC intensity is similar to the percentage increase in Speak. Since storm surge is driven by the TC
winds on the ocean, we further compared themaximum sustainedwind speeds at all time steps of the TC’s
lifetime on the ocean across all ten ensembles and found a similar result (figure 2(c)).

To explain the differences among the three resolutions for the change in Speak between historical and future
climates (figures 1(g)–(i)), we examined the radius of themaximumwind (RMW) of the simulated TCs across all
ten ensembles (figure 2(b)). From the historical to the future period, the ensemblemeanRMWremains similar
in the 4.5 km forcing and decreases in the 3 km forcing, with a percentage change of 4.9% and−18.8%,
respectively. In contrast, the RMWalmost doubles (93.8%) in the 27 km forcing, likely indicating that the 27 km
resolution, while capable of representing a TCoverall, may be less suitable for representingmore localized
features such as RMW. In addition to the peak 10-mwind speed increase, the doubling of RMW in 27 km forcing
could explain the larger change in Speak between the historical and future simulations compared to the 3 kmand

Figure 2. Simulated (a) peak 10-mwind speed (knots) and (b) radius ofmaximumwind (km) during the TC lifetime and (c)maximum
sustained 10-mwind speed and (d) radius ofmaximumwind during the TC lifetime over the ocean across all ensembles for the
historical and future periods for all three horizontal resolutions. The yellow triangle represents the ensemblemean values.
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4.5 km forcings. This result is similar to comparing the radius of the three-hourlymaximum sustainedwind
speeds at all time steps of the TC’s lifetime on the ocean across all ten ensembles (figure 2(d)).

The RMWchange cannot explain the broader spatial extent of the future storm surge change in the
simulationswith 27 km forcing. This is because the peak 10-mwind speeds aremuch lower in the 27 km
compared to the 4.5 kmor 3 km, as shown infigure 2(a). Thus, to further explain this difference, we compared
the TC size, defined here as the distance from the TC center to the furthest point with awind speed of 18m s−1

within a 500 km radius (figure 3). From the historical to future periods, the TC size slightly decreases for the 3 km
(322 km to 308 km) and 4.5 km (321 km to 309 km) resolutions. In contrast, the TC size increases from the
historical (338 km) to the future period (371 km) in the 27 km forcing. Thus, the region affected by the 27 kmTC
winds is larger in thewarmer climate, which explains the broader extent of Speak change between the historical
and future periods. As shown byDavis et al (2010), who also found that coarser resolution overpredicted the
extent of winds compared tofiner resolution, the larger TC size in the 27 km simulation could be due to
anomalously strong large scale surface winds that favor a particular quadrant of the TC. They attributed this to
an extension of the 18m/s radius beyondwhatwould reasonably be considered the TC circulation. Similar
findings have been shown in other studies (e.g., Sun et al (2013)). Other TC characteristics, such as the forward
speed and angle of approach, can also influence storm surge (Pandey andRao 2019, Zhang and Li 2019),
although these were not investigated in this study. Thus, changes in such characteristics and their interaction
with TC intensity andRMWchanges can further influence future Speak changes.

3.2. Storm surge duration
The duration of storm surge can be an importantmeasure in determining the risk of extended flooding in coastal
communities. Here, we compared the surge duration estimated from the simulatedwater elevations at each
node of theADCIRCmesh and for each of themeteorological forcing resolutions (figure 4). In the historical
period, themagnitude of surge duration appears to be similar among the three resolutions (figures 4(a)–(c)),
although there are slight differences in their spatial distributions. Thus, itmay appear thatmeteorological
forcing resolution does not influence the surge duration in the historical period. In the subregion denoted by the
black rectangle, we found that the average surge duration across all ensembles is 0.13, 0.11, and 0.14 days for the
27, 4.5, and 3 km forcings respectively. Therefore, there is little sensitivity to the horizontal resolution for the
surge duration in the historical average between 3 kmand 27 km.Given that these values are based on the entire

Figure 3.Ensemblemean 10-mwind speed (m/s) relative to TC center from a radius of 500 kmaveraged over all time steps during the
entire TC life over the ocean. The red line represents the 18 m s−1 contour. The black line represents the distance from the TC center
to the furthest point with 18 m s−1 within a 500 km radius.
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region,most of which is offshore and has zero surge duration values, we further compared the 95th percentiles.
The 95th percentiles are 1.21, 0.98, and 1.17 days respectively. The differences in surge duration across the three
forcingsmay be a combination of TC track and size, landfall location, and the geophysical characteristics of the
affected area as shown in previous studies (e.g., Akbar et al (2017) andNeedham andKeim (2014)), althoughwe
did not investigate these in the current study.

In the future period, there is amarked difference in surge duration, with the highest values for the 3 km
forcing. It should also be noted that there is a reduction in the storm surge duration from the historical to future
periods across all three forcings (figures 4(d)–(f)), although less obvious for the 3 km resolution. The 95th

percentile (average) of the surge duration across all ensembles within the subregion denoted by the black
rectangle is 0.83 (0.1), 0.85 (0.1), and 1.1 (0.13) days for the 27, 4.5, and 3 km resolution forcings, respectively.
These results demonstrate that the resolution ofmeteorological forcing can also influence both the duration of
simulated storm surge and its future changes.

Given the increase in Speak from the historical to future period, the decrease in the surge durationmay appear
somewhat counterintuitive. To understand this, we investigated the translation speed of the TCover the entire
domain shown infigure 3. In the historical period, we found that the TC translation speed is slowest in the 3 km
and fastest in the 27 km (figure 5(a)). Thismay be due to the different representations of dynamic processes
influencing TC activity at various resolutions, although no studies currently provide evidence of hurricane
translation speed dependence on horizontal resolution. For all horizontal resolution forcings, the translation
speed increases in the futurewarmer climate. ThemeanTC translation speed increases by 5%, 5.5%, and 8.7%
in the 27, 4.5, and 3 km resolution forcings, respectively. The increase in translation speed contrasts with recent
trend studies that have shown that global TC translation speeds have slowed down in response to global warming
(Kossin 2018), althoughwe only consider one TC event here, while the trend study analysis was based on
multiple events, therefore, our result is not generalizable. Additionally, we only considered the part ofHurricane
Katrina’s track that passes through the domain shown infigure 4.

We further investigated the lifetime of the TCover the ocean since it is the TCwinds over the ocean that force
water from the deeper ocean to cause surges near the coast. Figure 5(b) shows the percentage of TC lifetime on
the ocean in the historical and future periods over all ten ensembles for the threemeteorological forcing
resolutions. Across all three forcings, the ensemblemean percentage of TCocean lifetime is reduced by∼5%
from the historical to the future period.Moreover, it is important to note that the ensemblemean percentage of
TC lifetime over the ocean is similar across all three forcings in either the historical or future periods (i.e.,∼65%
and 60% in the historical and future periods, respectively). This further helps to explain the decrease in surge
duration from the historical to future periods.

Figure 4. (a)–(f)Ensemblemean storm surge duration (days) for the (a)–(c) historical and (d)–(f) future surge simulations for the 27
km, 4.5 km and 3 kmmeteorological forcings. Surge duration is further computedwithin the subregion denoted by the black
rectangle. Themaps are slightly zoomed in (compared tofigure 1) to better highlight areas with substantial surge duration.
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4.Discussion and conclusions

This study investigatedwhether and how the storm surge caused byHurricane Katrina could change if a similar
event occured in a futurewarmer climate. Additionally, we investigated how these potential changes varywhen
using atmospheric forcings of different resolutions.We used regional climatemodel simulations ofHurricane
Katrina at 27, 4.5, and 3 km resolutions to drive storm surge simulationswith theADCIRCmodel in the
historical period and a hypothetical future warmer climate. For all the resolutions, we found statistically
significant increases in the peak surge height in the future.With a 3 km resolutionmeteorological forcing, which
corresponds to a typical RCMhorizontal resolution, the 95th percentile of peak surge height (Speak) over the area
of highest surge increases from5.4m in the historical to 6m in the future climate. At 27 km,which currently
corresponds to the typical highest resolution ofGCMs (e.g., theHighResMIP), the 95th percentile of Speak
increases from4.4m in the historical to 4.8m in the future climate. Themagnitude of Speak increase is 22%
greater in the 3 km forcing compared to the 27 km forcing. This is considerable given that the difference in peak
surge height between the 3 km and 27 kmwas statistically significant in both climates.

The simulated Speak in the future could even be higherwhen the impact of sea level rise (SLR) is considered,
although this was not considered in the present study. Based on an ensemble ofmodels andwarming scenarios,
the global SLR is projected to be in the range of 0.25 to 2mby the end of the century (Rahmstorf 2010,Hall et al
2016, Sweet et al 2017, Oppenheimer et al 2022), although SLR itself and its impact on storm surge is not
regionally constant. For instance, as shown by previous studies (e.g., Smith et al 2010, Bilskie et al 2014, Irish et al
2014), many areas with shallowwater, fringingmarshes, or irregular shoreline geometries are likely to
experience storm surge increases that are almost double the effects of SLR by itself, whereas locations in the
deeper ocean or open coastlinewill experience only small nonlinear effects of SLR.

Our results also showed differences between the resolutions for the spatial extent of the changes in peak
storm surge. The change in the simulated peak surge height between the historical and future periods is
considerablymore spatially extensive under the 27 km forcing. This was primarily linked to an increase in the TC
sizewithin the 27 km forcing.We also found that the 95th percentile of surge duration decreases from1.2 days in
the historical to 1.1 days in the future climate when using the 3 km forcing. Similarly, it decreases from1.2 to
0.8 days from the historical to the future periodwhen using the 27 km forcing.We linked this to increasing TC
translation speed, as well as a decrease in time the TC spends over the ocean in the future.While the surge
duration decreased across all the forcings, themagnitudewas sensitive to the resolution, decreasing by 31%at
27 km to 6% at 3 km.

The increase in peak surge heights alignswith the findings of Irish et al (2014), which demonstrated that the
flooding caused by the actual Katrina event was significantly greater than it would have been if it had occurred
under the climatic conditions of 1900.Our results, therefore, indicate that a similar Katrina event in future could
be evenmore devastating. However, it is important to note that thismay not be the case for all tropical cyclone
(TC) events, as demonstrated byCamelo et al (2020), who found that someTC events could result in negative

Figure 5.Comparison of (a)TC translation speed across all ensembles and (b) ensemblemean percentage of TC ocean lifetime
between the historical and future periods for all three forcings. The yellow triangle represents the ensemblemean values. The error
bars represent the ensemble spread.
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changes inflooding volume under futurewarmer conditions. This discrepancy could potentially be attributed to
shifts in TC tracks under future climates as shown in their work. Even slight track alterations could lead to
landfall in areas with significantly different coastline geometries. Away to investigate the potential changes while
eliminating the influence of track shifts could be forcing the surgemodel with best track data, while perturbing
the intensity tomimic those inwarmer climates. In our case, shifts in TC tracks could be further complicated by
the different horizontal resolutions, and highlights the need for further investigation.

While our work shows thatHurricane Katrina’s surgewill increase in the future regardless of the
atmospheric forcing resolution, there are some limitations that should be considered in future studies. First, our
results on future increasing Speak and decreasing surge durations cannot be generalized, as our simulations are
based on a single TC event.Moreover, the future climate perturbations for the TC event are estimated from a
single climatemodel (i.e., CCSM4) and theRCP8.5 scenario. Thus, using other climatemodels and scenarios
may lead to different changes. Similarly, different climatemodels have different physics configurations andmay
not necessarily produce similar surges as those in theWRFmodel simulations used for this study. Therefore, it
may be necessary to explore future surge changes based on different climatemodels and future scenarios in
future studies. Nevertheless, we have shown that simulated storm surge is sensitive to the horizontal resolution
of the drivingmeteorological forcing, whether in the historical or future period.While TC-permitting resolution
forcings can project the sign of future changes in peak surge height and surge duration, our results show that
there are significant differences in themagnitude of projectionswhen comparedwith convection-permitting
resolutions. Thus, convection-permitting resolution forcings are preferred, especially for future storm surge
projections, as TC-permitting resolutionsmay not be sufficient to capture themagnitude of peak surge height
projections.
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