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Hurricane Simulation Model Description
Genesis model
The number of storms to be simulated in any year is obtained by sampling from a negative binomial distribution [1, 2] with a mean value of 11.20 storms/year and a standard deviation of 5.6 storms per year based on statistical analysis of historic hurricanes records from 1944 to 2020. The genesis point of each storm is sampled from the historic hurricanes recorded in HURDAT [3] to provide starting coordinates, date and time, initial heading, and translational speed for the initial point. Using this sampling method of historic hurricanes ensures that the climatology and seasonal preferences for the genesis point of the storm are retained [1]. 
[bookmark: _Toc75866607]Track model
After the selection of the genesis point for a hurricane, the Track module estimates the new position, speed, and heading angle of the storm on 6-hour intervals using Equations (S1) and (S2):
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where,  and  are coefficients of linear regression,  and  are the latitude and longitude of hurricane centre, is the translational speed of the hurricane at time step i,  is the heading angle of the hurricane measured from north at time step i and  ,  and  are random error terms for translational speed and heading angle. The coefficients are derived for each cell from a  grid over the entire Atlantic basin by performing a linear regression analysis. In cases where there are insufficient data to calculate the coefficients for a given grid, the coefficients from the nearest neighboring grid are used.
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The central pressure of a storm on the ocean is modeled using the relative intensity (RI) technique pioneered by Darling [4] coupled with the sea surface temperature (SST), which relates the hurricane central pressure deficit, , to the greatest possible central pressure deficit allowed for  given meteorological conditions [5]. The relative intensity of the hurricane at each step is calculated for each point along the track on the ocean using Equation (S3).
	
	
	(S3)


where,  are the coefficients of linear regression, (RI)i  is the Relative Intensity value at step i,  is the environmental shear (m/s) between 850 and 200 mb pressure levels, SSTi is the sea surface temperature at current point in ̊C,  is the changes in sea surface temperature between previous point and current point (SSTi); and is a random error term. The procedure to calculate RI, has been discussed in details by Darling [4].
The environmental parameters like tropopause temperature () and wind shear  in Equation (S3) were obtained from the NCAR re-analysis database [6], providing data on a  grid. The sea surface temperature (SST) values for the years 2005 and 2020 were obtained from the Hadley Ice and Sea Surface Temperature (HadISST) database, which provides monthly mean values on a  grid recorded from 1870 to present [7]. The projected SST under different future climate change scenarios represented by RCPs is obtained from NOAA’s GFDL-CM3 climate model from the Coupled Model Intercomparison Project Phase 5 (CMIP5). The relative humidity is assumed herein as a value of 0.80 [8].
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Once a storm makes landfall, its central pressure deficit () decreases, which weakens and decays the storm. To model the changes of the central pressure due to landfall, the filling rate (decay) model by Vickery [9] is employed. For each region, the difference in central pressure for time t after landfall, , is defined as:
	
	
	(S4)


where  is the central pressure difference at the time of landfall, and  is an empirical decay constant, for location of the landfall. The empirical decay constant  can be calculated as:
	
	
	(S5)


where,  and   are the exponential filling rate constants and is the error term which obeys normal distribution error term.
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The asymmetric wind field model, first developed by Georgiou et al. [10], is used to calculate the gradient wind speed from hurricane parameters as given below:
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where f is the Coriolis parameter, r is the distance from hurricane eye to the location of interest,   is the air density and P is the central pressure difference which is a function of SST from Intensity model. RMW is the radius to the maximum wind speed which can be calculated from the hurricane parameters [11] and B is a pressure profile parameter (also known as Holland B parameter, a dimensionless parameter that controls the shape of the wind profile proposed by Holland [12]) can be calculated by using RMW, f, P and SST [13]. Since RMW and B are both a function of P (central pressure difference), their values are also function of SST. These parameters are calculated at every time interval and used to calculate the gradient wind speed for the study location. Then, the gradient wind speed is converted to wind speed at 300m () elevation using wind adjustment factors provided by Franklin et al. [14]. Using equation (S7), the mean wind speed at 300 m elevation is then converted to 10m elevation [14, 15].
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where  is the surface roughness length. Finally, the mean surface wind is converted to 3s-gust wind speed using 1.46 as conversion factor which is provided in ESDU model [16].


[bookmark: _Toc75866614]Model Validation 
[bookmark: _Toc75866615]Hurricane simulation validation
Parameters of the simulated hurricanes that come close to the shore are compared to the parameters obtained from historical data. The parameters include central pressure, translational speed, heading angle, and frequency of occurrence. They are chosen for comparison since all the other parameters are a function of these main parameters in the hurricane simulation process. The parameters from the simulation are compared to recorded parameters at mileposts along the Atlantic shore and the Gulf coast, which are located approximately 75 km (50 miles) apart. Figure S1 shows the locations of the mileposts. 
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Figure S1. Location of mileposts and study sites for hurricane parameters comparison for the Atlantic basin
The properties of any hurricane or tropical storm that has entered a 150 km vicinity of these mileposts are stored and averaged. Figure S2 compares the mean value of the selected parameters calculated from historical data and the simulated hurricanes based on the climate scenario of the year 2020. The simulated results agree well with the recorded values. The root mean square error (RMSE) is found to be 0.042, 1.19 m/s, 10.57˚, and 6.41 mb, with Percent Bias (PBIAS) values calculated as -0.5%, 6.53%, -2.9% and -0.28% for the annual frequency, the translational speed, the heading angle, and the central pressure, respectively. The minor discrepancies between simulated results and the historical records could be related to the random error term that has been considered in each of these parameters. This error term will not be able to capture the variation for the calculated parameter entirely, and as a result, a small degree of error is expected. Moreover, accurate records of hurricane parameters, specifically consistent central pressure, are only available after the late 1950s. Meanwhile, insufficient recorded data points (specifically latitude above 42.5º) could lead to a certain level of error in the estimations of the coefficients. The calculated standard deviations for historical records and simulated results are comparable for most sites. As a result, all of the averaged simulated results are within the standard deviation range. In general, the simulated standard deviation shows a greater range due to the number of simulated hurricanes year being significantly greater than the available historic hurricane years. This fact and the random error term considered in the calculation process of these parameters lead to more variation and diversion in the simulated results, as expected.
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Figure S2. Comparison of Hurricane simulation parameters (annual frequency, translational speed, heading angle, and central pressure) with the observed mean values from HURDAT
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The specified design wind speed by ASCE 7-16 guideline corresponds to the 3-sec gust wind speed at 10-m elevation over open terrain at any given location [17]. The wind speed corresponding to specific mean return intervals (MRIs) of 300, 700, 1,700, and 3,000 years are used to design structures with Risk Categories of I through IV, respectively. To further validate the hurricane simulation method used in this study, simulated 3-sec gust wind speeds corresponding to various mean recurrence intervals (MRI) for the eight study locations are compared to values specified by ASCE 7-16 [17]. Figure S3 presents the results. Overall, the simulated results match the ASCE 7-16 values wells.  The simulation model estimates the winds with higher MRIs across the studied areas with reasonable accuracy, while minor underestimation is observed for wind speeds with small return intervals compared to ASCE 7-16 values. It is worth mentioning that the design wind speeds from the guideline include both hurricane and non-hurricane winds to derive the wind speed distribution. Since the selected study sites are located in regions where hurricane wind is dominant, and the used method corresponds to hurricane winds, a minor underestimation for wind speeds with low MRIs (frequent winds below MRI of 100 years) is expected. 
Figure S4 shows the observed HURDAT average central pressure for the chosen locations as well as the simulated average central pressure for 2005, 2020, and the four RCP scenarios. RCP 8.5 resulted in the lowest average central pressure in all locations, indicating an increase in hurricane intensity under the scenario. RCP 2.6 resulted in the highest average central pressure compared to other RCPs. Results for RCP 4.5 and 6.0 are similar because the difference in SST over a large portion of the Atlantic basin for the two scenarios is negligible. Comparing the recorded HURDAT average central pressure with the simulated 2020 results yielded a percentage error ranging from -1% to 1% in the eight locations. A similar comparison with the 2005 results showed a percentage error ranging from -1% to 0.8% in all areas. As mentioned earlier, the slight discrepancies could be related to the random error term that has been considered in each hurricane parameter in the simulation. Moreover, the derived wind MRI curves for 2020 closely follow the trend of the 2005 results because of the minor changes in SST over the past 15 years, which leads to minor variation in the average central pressure of hurricanes (Figure S4). The average global sea temperature in 2020 increased an approximate 0.3 over 15 years [18]. While this clearly shows an increasing trend in the sea surface temperature, it is considered a minor change compared to the predicted increase for the end of the century (2.6-4.8  for RCP 8.5 from IPCC [19]).
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Figure S3. Comparison of simulated (years 2005 and 2020) and ASCE 7-16 wind speeds for various Mean Recurrence Intervals (MRI)

Figure S4. Average Central Pressure of recorded hurricanes in the vicinity (150 km) of study sites for different climate scenarios
[bookmark: _Toc75866617]Surge model comparison
[bookmark: _Hlk88675079]A selected set of hurricanes that cause a storm surge at each study site is used in the ADCRIC model to compare with the storm surge results from SLOSH. Due to the extensive computational load of the ADCIRC model, only 1,200 hurricanes are selected and modeled. These hurricanes are sampled based on the SLOSH results for each study site. Hurricanes that have caused maximum, minimum, and average surge height in SLOSH are modeled using the ADCIRC model, and the results are presented in Figure S5. Overall, good agreement is observed between the results, and the SLOSH simulation observes a slight overestimation compared to the surge height predicted by ADCIRC. This overestimation could be related to the lower wind speed values calculated by ADCIRC compared to the SLOSH wind field model. While both models used in this study are extensively used by federal and local agencies to predict the storm surge heights of hurricanes in real-time, they have been previously evaluated against historical hurricanes and the resulted storm surge, in which satisfactory performance was observed [20-25].
 
Figure S5. Comparison of the simulated storm surge height between the SLOSH and ADCIRC
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Translational Speed (m/s)



HURDAT	38.679398268819497	38.138738039123901	43.160819612680399	45.712844342990898	46.294504433060702	45.123838473077498	45.645133608413097	50.288892084358103	50.0641309078147	47.8339114357467	46.925395904836599	45.127430511228297	51.056408915233	54.722878828776203	54.231162540392397	51.218735926751499	51.102748415810701	55.415108877383197	55.489462029598997	56.855474254490503	56.4049922739203	62.020721501651401	69.034270392295397	68.370231372134199	73.869361818940504	73.382362958753603	64.211133923547706	60.674670351317999	59.149399119047203	53.619348866830002	54.039136004640199	58.230365976964798	55.420961229398401	57.114661965381302	46.487372802296598	46.336733213903003	45.091021720664301	45.897089875749302	57.356338634177597	60.693982182029302	65.223721073281695	70.081464527746803	72.673901258950707	70.2480206969731	72.916181049926394	67.549773968630404	57.107466184608697	51.790004302877797	54.787439310100297	55.600267762407398	61.378817563645597	60.696173782668303	66.362181907211394	67.467013002310495	72.936685729491899	75.899725282875096	70.103093161689102	77.536588292847895	75.401397580293903	68.445038823269101	66.879798702598507	66.575240683614297	53.711521252386397	50.218220867271199	69.336094023096294	63.178524852090902	18.513121616111398	23.064349663075902	24.645109537011699	26.313877548394601	18.8508708871443	20.752345805522399	38.679398268819497	38.138738039123901	43.160819612680399	45.712844342990898	46.294504433060702	45.123838473077498	45.645133608413097	50.288892084358103	50.0641309078147	47.8339114357467	46.925395904836599	45.127430511228297	51.056408915233	54.722878828776203	54.231162540392397	51.218735926751499	51.102748415810701	55.415108877383197	55.489462029598997	56.855474254490503	56.4049922739203	62.020721501651401	69.034270392295397	68.370231372134199	73.869361818940504	73.382362958753603	64.211133923547706	60.674670351317999	59.149399119047203	53.619348866830002	54.039136004640199	58.230365976964798	55.420961229398401	57.114661965381302	46.487372802296598	46.336733213903003	45.091021720664301	45.897089875749302	57.356338634177597	60.693982182029302	65.223721073281695	70.081464527746803	72.673901258950707	70.2480206969731	72.916181049926394	67.549773968630404	57.107466184608697	51.790004302877797	54.787439310100297	55.600267762407398	61.378817563645597	60.696173782668303	66.362181907211394	67.467013002310495	72.936685729491899	75.899725282875096	70.103093161689102	77.536588292847895	75.401397580293903	68.445038823269101	66.879798702598507	66.575240683614297	53.711521252386397	50.218220867271199	69.336094023096294	63.178524852090902	18.513121616111398	23.064349663075902	24.645109537011699	26.313877548394601	18.8508708871443	20.752345805522399	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	-52.333926187064201	-49.193991588702701	-48.740384618039201	-44.424328756926002	-40.115392027603299	-34.933822231191101	-35.859525208883198	-28.4563445041112	-24.1299102591557	-22.440032674329601	-17.1203826490902	-17.797935619272199	-10.5373993649517	-11.749254220802101	-10.544077146053001	-15.0578306669372	-6.4996232775484	-5.6839051808105703	5.7150402153270701	2.9910536333879101	3.80173916906694	-5.8157457895395197	2.7766201100014798	9.7776628701772506	7.1664747741484103	11.7947145854494	22.060599293555399	20.271381339227901	30.563561156401502	25.459620475830501	19.485123396302399	5.9679059378027901	-12.408447696928199	-22.249483358564	-24.186754291371201	-25.2249470649604	-21.474886782368198	-25.4583751186086	-13.8189427253263	-10.408948905712901	1.34399271914475	8.8377069287623495	8.5172777782659992	10.361203318098401	10.3394234024176	15.746872826372201	14.740380689953801	17.6340385340098	18.128046092630001	21.435109281299699	25.952076758864301	27.500445231203599	27.747055361392601	21.1366278320153	17.209351518644802	17.8757245838082	23.338665266391999	15.400181557217399	15.008946207435001	25.316659025121702	19.8378515468969	19.631098814175299	23.7268067535184	16.671856588420901	8.8223232083495393	14.1129124507698	40.892493611017002	43.086580829002301	42.849590603996802	44.7275546674731	38.229721149679698	46.001727310215003	Simulated-2005	35.358019071288403	36.762964825530602	33.744894599699101	33.689850973870897	37.020554639482199	39.859157273032302	45.2579855918353	41.182343725610501	43.805425537517699	44.633379159996998	46.724181552368002	47.615046720921598	46.935951761513998	49.406300544334002	50.425994918087198	49.223095253367099	46.403474064941399	45.224053277725602	43.2788126006757	44.521429123698397	42.913534641518297	42.426445943308003	41.915392745305503	42.262942333174202	39.8502896649345	39.968217057712401	40.964150853772701	49.251614813151797	45.695792427051401	49.805975492934898	52.971527103923698	62.677573836822603	62.694701024659103	63.428575295280197	59.665041808524201	60.627838755361999	58.0637751283505	56.314175153689199	53.2817639252048	52.9962699933157	54.343344105416001	54.222986901475501	57.586405797503403	52.474671910279802	51.272954105375099	50.496236334703497	51.995163359547703	52.864053542391197	53.2598251365945	58.745795647897602	55.916868710387902	60.701976772625599	59.451437353419102	62.191452971409703	65.969072356264803	63.7097695462896	61.751614294524799	58.6233665404718	59.723411557514801	56.618212266109097	43.319051782275899	48.758369816152999	40.608145831268502	35.408864718742898	37.315772201584203	44.170122225824798	40.616755305873497	41.869705732835797	36.599373578194701	31.807498861501202	27.4848319059072	24.675002962550298	35.358019071288403	36.762964825530602	33.744894599699101	33.689850973870897	37.020554639482199	39.859157273032302	45.2579855918353	41.182343725610501	43.805425537517699	44.633379159996998	46.724181552368002	47.615046720921598	46.935951761513998	49.406300544334002	50.425994918087198	49.223095253367099	46.403474064941399	45.224053277725602	43.2788126006757	44.521429123698397	42.913534641518297	42.426445943308003	41.915392745305503	42.262942333174202	39.8502896649345	39.968217057712401	40.964150853772701	49.251614813151797	45.695792427051401	49.805975492934898	52.971527103923698	62.677573836822603	62.694701024659103	63.428575295280197	59.665041808524201	60.627838755361999	58.0637751283505	56.314175153689199	53.2817639252048	52.9962699933157	54.343344105416001	54.222986901475501	57.586405797503403	52.474671910279802	51.272954105375099	50.496236334703497	51.995163359547703	52.864053542391197	53.2598251365945	58.745795647897602	55.916868710387902	60.701976772625599	59.451437353419102	62.191452971409703	65.969072356264803	63.7097695462896	61.751614294524799	58.6233665404718	59.723411557514801	56.618212266109097	43.319051782275899	48.758369816152999	40.608145831268502	35.408864718742898	37.315772201584203	44.170122225824798	40.616755305873497	41.869705732835797	36.599373578194701	31.807498861501202	27.4848319059072	24.675002962550298	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	-59.977008820925697	-57.788727360044703	-54.009657736490098	-52.4955792160847	-43.2976306754354	-37.127126117749498	-32.417218997359399	-24.081814353027301	-20.152188823810899	-18.2211410776675	-13.11490226832	-16.444798968740699	-10.7440038183545	-9.0815521344247401	-7.7261574882682504	-9.0600757240115097	-6.1268701426454104	-5.0685558877048003	-3.7155318428362398	-2.9613499327291102	5.6411070861461097	11.234158098025899	13.604891019900499	19.506575034906	27.3036227565918	30.764632419761998	36.186871479454297	35.843131578185201	38.007916728656703	32.186388936109701	25.8479930548603	4.2068923549447401	-17.895621796971898	-17.3881090974429	-31.4806850001649	-27.277045547847202	-25.6600504256985	-31.250547161442597	-17.669782296132503	-20.346290714291101	-8.2618931683602028	-1.0064419956704995	-1.8489750657402979	-3.8338612876169975	0.13362377194069808	4.6433353456032016	3.3687283507149992	10.083288277681699	13.5871403126561	14.9229946807136	21.54710961435983	18.56158136298777	18.3424024776211	13.004821964893001	5.7796881209212003	-5.7408830176802965	-0.28156465185610102	-1.9122143131885991	1.2947116802680014	9.0442426284927997	12.97991242887176	-9.1778361153501002	3.4554859261997599	3.9249161749491601	8.7161431177974702	7.16647849029874	21.901286943966809	25.926469053133854	29.558727281167322	36.540350045082135	30.537925891755599	37.193813603531396	
Heading Angle (Degree)
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Wind speed (m/s)



New Orleans, LA
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Mobile, AL
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Tampa, FL
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Wind speed (m/s)



Charleston, SC
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Observed-HURDAT	Houston, TX	New Orleans, LA	Mobile, AL	Tampa, FL	Miami, FL	Charleston, SC	Norfolk, VA	New York, NY	994.17543859649095	993.70512820512795	989.84210526315803	997.69767441859995	996.60869565217399	997.481012658228	991.52777777777806	990.66666666666697	2005	Houston, TX	New Orleans, LA	Mobile, AL	Tampa, FL	Miami, FL	Charleston, SC	Norfolk, VA	New York, NY	988.19333195068305	987.02560926887702	993.90124237632699	993.02381095543296	994.53271278642796	995.71303532590105	1000.12303575105	996.93279595080298	2020	Houston, TX	New Orleans, LA	Mobile, AL	Tampa, FL	Miami, FL	Charleston, SC	Norfolk, VA	New York, NY	989.76097523925296	986.966863330857	994.98515333906596	989.68973199216896	989.31490721750504	990.16749005077497	997.54106494196901	995.70043246839703	2100 - RCP 2.6	Houston, TX	New Orleans, LA	Mobile, AL	Tampa, FL	Miami, FL	Charleston, SC	Norfolk, VA	New York, NY	984.20347246997301	984.81844228024795	988.24147121535202	979.66519189217001	979.02532901477002	983.71428111795797	995.72727272727298	993.58979540287999	2100 - RCP 4.5	Houston, TX	New Orleans, LA	Mobile, AL	Tampa, FL	Miami, FL	Charleston, SC	Norfolk, VA	New York, NY	978.03202061096795	977.83751447317604	985.58183391003502	969.32076044089399	966.79225576940598	968.92317135549899	987.49563631626904	984.37076998528698	2100 - RCP 6	Houston, TX	New Orleans, LA	Mobile, AL	Tampa, FL	Miami, FL	Charleston, SC	Norfolk, VA	New York, NY	978.16572595172295	976.56064774781896	986.18889461036702	968.31421814957105	966.59883798882697	967.09932324840804	984.60136644330601	983.60477202929405	2100 - RCP 8.5	Houston, TX	New Orleans, LA	Mobile, AL	Tampa, FL	Miami, FL	Charleston, SC	Norfolk, VA	New York, NY	966.063737877677	965.68464524115404	978.90225894353705	955.81913352869196	950.66330878618203	953.71040679789496	977.65274228884698	969.45193487619497	
Avg. Central Pressure (mbar)




0	100	0	100	SLOSH Vs. ADCIRC	
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