
1. Introduction
Hurricane Fiona first struck Puerto Rico on 18 September 2022. Three days later, an excessive heat advisory 
was issued by the National Weather Service for many regions on the island, including major population centers 
(Mercado,  2022). Tropical cyclones generate some of the costly disasters to society. In 2017 alone, tropical 
cyclones caused an estimated US$215B in damage (de Beurs et al., 2019). In isolation, tropical cyclones are 
major sources of vulnerability. The damages they create, however, can amplify the impacts of hazards that follow, 
like excessive heat (Cutter, 2018; Lawrence et al., 2020; Raymond et al., 2020).

Co-occurring hazards present unparalleled challenges to disaster recovery, development, and well-being 
(Aghakouchak et  al.,  2020; Zscheischler et  al.,  2018). Hurricanes Maria and Irma struck Puerto Rico in 
2017 within 2 weeks of each other. Their immediate impacts contributed to excess mortality (Santos-Burgoa 
et al., 2018) and caused power outages that persisted for up to 11 months in some areas of Puerto Rico (Gould 
et al., 2018). The lack of energy left many households unable to cool their homes, refrigerate medications, or 
use essential medical equipment, thereby increased the risk of consequences to public health (Méndez-Lázaro 
et al., 2021; Ortiz et al., 2020). The impacts went even further, affecting tourism (Martín et al., 2020), agriculture 
(Rodríguez-Cruz & Niles, 2021), and the economy in general (Acosta et al., 2020; Martín et al., 2020).

Abstract Co-occurring hazards present unparalleled challenges to development and disaster recovery. 
In this study, we investigate the relationship between anomalous heat in the aftermath of tropical cyclones 
in the eastern Caribbean between 1991 and 2020. We analyze the spatial patterns of anomalous heat index 
(HI) values for 53 tropical storms and hurricanes using a Lagrangian analysis framework. Furthermore, we 
analyze temporal patterns of 205 city-storms pairings. The spatial patterns displayed distinct and statistically 
significant areas of anomalously warm conditions regardless of the storm intensity classification. Moreover, all 
205 city-storm events had positive HI anomalies following the storms' passage with a maximum of 5°C. The 
results show that HI anomalies can be high, have a time lag of days, and be observed in locations not directly 
impacted by the storm. The results have implications for tropical cyclones preparedness, including suggesting 
that preparedness include informing the public about heat impacts.

Plain Language Summary Two or more extreme events that are coincident in time or that occur 
in close succession present unparalleled challenges to development and disaster recovery. It is well known 
that tropical cyclones cause long-lived damage from strong winds, storm surges, intense rain, and/or flooding. 
Equally, heat is a main concern for public health. However, heat in the aftermath of tropical cyclones has not 
been a focus.We analyze 53 tropical storms and hurricanes in the eastern Caribbean between 1991 and 2020 
and 205 storm-city events. The storms' heat index (HI) values are statistically significantly warmer during 
the storm than average in some regions, regardless of groupings of storms by their strength. The HI values 
before and after storms passed main cities in 14 Caribbean islands further show that in all 205 cases, warm 
HI anomalies follow the storms' passage, with values as high as 5°C (9 Fahrenheit). The results show that HI 
anomalies following tropical cyclones can be high, have maximums that occur several days after the storm's 
passage, and can be observed in locations that are not directly impacted by the storm. The results suggest 
tropical cyclone preparedness should include informing the public about heat risk.
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It is common knowledge that tropical cyclones are accompanied by damaging winds, storm surges, intense 
rain, and flooding. Elevated heat-stress also occurs frequently as a meteorological precursor to hurricanes 
(Mercantini, 2002) and to flooding more generally (Zhang & Villarini, 2020). On the other hand, the presence 
and magnitude of heat following tropical storms have been analyzed only superficially. Matthews et al. (2019) 
analyzed hurricanes equivalent to a Category 3 or greater between 1979 and 2017. They assessed heat index (HI) 
values that exceeded 40.6°C in population centers within 30 days following the storm. However, excess mortality 
has been noted at HI values much lower than this (Burkart et al., 2011). Moreover, HI values in the Caribbean 
rarely exceed 35°C and, nonetheless, there is evidence that excess mortality occurs under elevated heat conditions 
(Méndez-Lázaro et al., 2021) and that heat is a main public health concern (Méndez-Lázaro, 2015; Méndez-Lázaro, 
Muller-Karger, et al., 2018; Méndez-Lázaro, Pérez-Cardona, et al., 2018; Méndez-Lázaro et al., 2021). Addition-
ally, tropical cyclones can leave society more vulnerable to heat (Kozlov, 2021; Skarha et al., 2021), a risk that is 
increased by anthropogenic climate change (Feng et al., 2020; Gasparrini & Leone, 2014; Lin, 2019; Matthews 
et al., 2019).

In this study, we analyze the co-occurrence of tropical cyclones and heat in the Caribbean between 1991 and 2020, 
focusing on the temporal and spatial patterns of anomalous HI values. We also explore the temporal patterns of 
anomalous HI values across 14 islands that span the Lesser Antilles, excluding Trinidad and Tobago, but includ-
ing Puerto Rico (shaded in red in Figure 1 and named in Table 1), hereafter referred to as the eastern Caribbean. 
We focus the timeseries analysis on the time after the passage of the tropical cyclone when compound impacts 
are likely to occur. This analysis has implications for how nations prepare for tropical cyclones, including calling 
attention to an important heat effect.

2. Setting
The Atlantic-Basin hurricane season extends from June through November when, on average, 14 named storms 
occur each year; seven of these reach hurricane strength and three become major hurricanes (NOAA, 2022). 
Hurricanes are the most damaging climate hazard to the region, often incurring annual costs to the region in excess 
of 100s of millions of dollars (Pielke et al., 2003). In St. Lucia, St. Kitts and Nevis, and Grenada, for example, 
hurricanes often generate economic losses greater than 5% of their gross domestic products (Guido  et al., 2016). 
Low levels of gross domestic product relative to climate-adaptation costs further accentuate the vulnerability of 
Caribbean nations (Gould et al., 2018).

Our analysis spans the Eastern Caribbean, including Puerto Rico in the Greater Antilles but omitting Trinidad 
and Tobago. We exclude the large islands of Jamaican, Cuba, Hispaniola in the Greater Antilles and Trinidad 
and Tobago because their proximity to the other large islands and the landmasses of the United States and South 
America markedly influences the heat patterns in our spatial analysis.

Between 1991 and 2020, 53 tropical cyclones came within 100 km of the 14 islands used in this analysis (see 
methods; Figure 1). About 75% of these storms occurred in August and September during the peak of the seasonal 
temperature cycle.

3. Data and Methods
We obtained North Atlantic tropical cyclone track-data from the International Best Track Archive for Climate 
Stewardship (IBTrACS) data set (Knapp et al., 2010). The IBTrACS data include the best estimate of the latitude 
and longitude of the center of each storm at 3-hr intervals. We selected all storms of tropical storm strength or 
greater between 1991 and 2020 whose center of low pressure passed within 100 km of the capital city of the 14 
islands listed in Table 1. These criteria produced a data set of 53 unique cyclones that generated 205 cyclone-city 
events. We show the storm tracks of all storms in Figure 1 and a list of characteristics of each storm in the Table 
S1 in Supporting Information S1.

Heat index values were calculated using the Copernicus Climate Change Service (C3S) European Centre for 
Medium-Range Weather Forecasts Reanalysis (ERA5) hourly 0.25° latitude-longitude High Resolution (HRES) 
data (Hersbach et al., 2020). The HI was calculated using Rothfusz's (1990) simplification of Steadman (1979) 
heat-stress index. Although Rothfusz's index is calculated using only the dry-bulb temperature and relative 
humidity, the index can be interpreted as a complex expression of how heat is experienced physiologically 
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(Rothfusz,  1990). The ERA5 2-m temperature data were used as the dry-bulb temperature (T) in Rothfusz's 
equation:

HI = −42.379 + 2.04901523 × � + 10.14333127 × RH − 0.22475541 × � × RH

−6.83783 × 10−3 × � 2 − 5.481717 × 10−2 × RH2 + 1.22874 × 10−3 × � 2 × RH

+8.5282 × 10−4 × � × RH2 − 1.99 × 106 × � 2 × RH2 (1)

The 2-m relative humidity, RH, was calculated from the ERA5 dry-bulb and dew-point temperatures (T and Td, 
respectively, and both in °C) using:

RH = 100 x exp(17.625Td ∕ 243.04 + Td) ∕ exp(17.625T ∕ 243.04 + T) (2)

RH is accurate to within 0.4% for realistic temperatures in the Caribbean (M. G. Lawrence, 2005).

To identify the spatial structure and possible causes of anomalous heat associated with a tropical cyclone's 
passage, we conducted a Lagrangian analysis of the HI over a spatial domain of a 20° × 20°. This domain encap-

Figure 1. (a) Storm tracks for 53 tropical cyclones and hurricanes between 1991 and 2020. The islands used for selecting 
the storms are in the top right inset. The box in the center indicates the domain used for the Lagrangian analysis: storms 
were tracked when their center was within this box. (b) The frequency of occurrence of the 53 tropical cyclones analyzed 
(bars) along with the monthly average heat index (black lines/circles). The lighter gray shading represents the minimum and 
maximum average monthly values; the darker gray shading represents the standard deviation of the average monthly values.
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sulates the entire spatial footprint of the tropical cyclones (assessed by inspecting wind vectors). In the Lagran-
gian analysis, the reference point is always centered on the core of the storm, and the 20° × 20° grid is adjusted 
accordingly at each 3-hr interval. The HI values for each grid and for each time were converted to anomalies using 
a 30-day average of the corresponding hour of day. The 30-values included the 15 prior to the corresponding hour, 
the corresponding hour, and 14 that followed it. Over the duration of the storm, we averaged the HI anomalies 
at each grid point. We also averaged the 10-m u- and v-wind components of the ERA5 data at each grid to help 
assess possible pathways for heat advection. We restricted the cyclones duration to be when a storm's center is 
located within the central box of Figure 1. The cyclones' effects on the HI are considered only when their center is 
within the vicinity of the eastern Caribbean; HI values are calculated for the entire 20° × 20° domain surrounding 
the cyclone center.

Time series of HI anomalies were constructed for each storm affecting each island state, producing 205 series. We 
calculated the distance from the capital city of each island for each 3-hr interval using Vincenty's (1975) formula 
under the assumption of a spherical earth. The time-series covered a 30-day window centered on the date that the 
storm's center was closest to the island states' respective capital city. The HI values for each hour were converted 
to anomalies with respect to the 30-day average of the corresponding hour of day centered in time when the 
storm is closest to the city. This procedure provides an indication of the relative HI for the 360 hr (15 days prior 
to and after a storm's passage). Anomalies facilitate comparisons among the storms, simplify the identification of 
relative peaks in HI associated with the passage of a tropical cyclone, and enable the creation of country compos-
ites. Additionally, the anomalies account for differences in warmer or cooler years and for any differences in HI 
climatology during the hurricane season.

There are several caveats for the timeseries analysis. The 15-day pre-storm period of Hurricane Maria in 2017 
completely overlaps with the 15-day post-storm period of an earlier storm Hurricane Irma. The effect of the 
overlap on the anomaly in the composites is minimal and would reflect a slight dampening of pre- and post-storm 
heat signals. Second, there are differences in the average monthly HI values during the North Atlantic hurri-
cane season (Figure 1b). However, the differences between any two 30-day averages are small compared to the 
day-to-day variability. We chose to ignore the seasonal cycle for the purposes of calculating the 30-day averages. 
The effect of not accounting for the seasonal cycle is to slightly underestimate the relative magnitude of any 

Country and capital

Storms Lowest max. Avg. max. Highest max. Avg. median Avg. IQR Avg. timing maximum

# (°C) (°C) (°C) (°C) (°C) Hrs [range hrs]

Grenada, St. Georges 7 1.7 (31.49) 2.1 (32.3) 2.9 (33.7) 0.2 (30.6) −0.8 to +1.0 (29.3–31.2) 52.7 [27–87]

Barbados, Bridgetown 12 1.4 (30.6) 1.9 (32.0) 2.3 (32.9) 0.2 (30.4) −0.7 to +0.9 (29.4–31.0) 52.6 [15–120]

Saint Vincent, Kingstown 11 1.4 (30.5) 2.1 (32.3) 3.0 (33.1) 0.2 (30.7) −0.8 to +1.0 (29.4–31.2) 42.6 [15–114]

Saint Lucia, Castries 17 1.2 (32.7) 2.0 (34.4) 3.0 (36.9) −0.1 (29.6) −0.9 to +0.6 (28.0–31.5) 61.0 [9–118]

Martinique, Fort-du-France 14 0.9 (30.0) 1.9 (31.5) 2.9 (32.7) 0.1 (29.7) −0.8 to +0.8 (28.6–30.4) 50.4 [2–120]

Dominica, Roseau 13 0.7 (29.9) 1.6 (31.6) 2.7 (32.8) 0.2 (30.3) −0.8 to +0.8 (28.9–30.6) 69.8 [25–120]

Guadeloupe, Les Abymes 16 0.9 (30.0) 2.0 (32.1) 3.1 (33.4) −0.1 (29.0) −1.1 to +0.7 (27.9–30.0) 60.1 [1–110]

Montserrat, Brades 18 0.3 (28.4) 1.7 (32.0) 2.5 (33.6) −0.1 (30.4) −1.0 to +0.6 (29.2–31.0) 43.4 [2–88]

Antigua, St. John 14 0.3 (28.6) 1.8 (32.2) 3.0 (34.3) 0.0 (30.7) −0.9 to +0.7 (29.5–31.1) 40.9 [3–101]

Saint Kitts, Basseterre 17 0.8 (30.5) 1.9 (32.2) 3.4 (33.4) −0.2 (30.3) −1.0 to +0.6 (29.2–30.9) 52.1 [1–120]

Saint Martin, Margot 15 0.8 (28.2) 2.0 (32.2) 4.0 (35.7) −0.1 (30.2) −1.0 to +0.6 (29.2–30.9) 47.3 [7–119]

Anguilla, Sandy Point 17 0.8 (28.2) 2.0 (32.1) 4.1 (35.7) −0.1 (30.1) −1.0 to +0.7 (29.1–30.8) 42.8 [3–119]

Puerto Rico, San Juan 15 1.1 (31.1) 2.8 (36.3) 5.2 (39.5) −0.2 (29.4) −1.5 to +0.7 (27.3–31.7) 60.3 [21–120]

British Virgin Is., Road Town 19 0.9 (28.3) 1.9 (32.6) 3.5 (35.2) 0.1 (31.1) −0.9 to +0.9 (29.6–31.5) 43.2 [2–114]

Grand Avg [Total] [205] 0.9 (29.9) 2.0 (32.6) 3.2 (34.5) 0.0 (30.2) −0.9 to +0.7 (28.9–31.0) 51.0

Note. The final column refers to the number of hours after the storm's passage in which each cyclone's maximum heat index anomaly occurred. IQR: interquartile range.

Table 1 
Descriptive Statistics Aggregated by Country for Anomalies and Values (in Parentheses) for the 5-Day Period After the Cyclones' Closest Position to Each Country's 
Capital City
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post-cyclone heat events. Finally, using a 30-day average inflates the daily HI anomalies in the first 15 days more 
so than the second 15 days prior to September when daily temperatures are increasing. After September, when 
daily temperatures decline, the HI anomalies for the second 15 days are elevated relative to the first 15 days. 
These final two conditions likely cause our HI anomalies to be slightly underestimated following the cyclones 
passage of the reference city.

4. Results
4.1. Spatial Heat Index Anomaly Patterns

Figure 2a shows averaged anomalous HI values for the 53 storms when the center of low pressure is within the 
central box indicated in Figure 1. The averaged wind direction also show that the anomalous heat is within the 
storms' circulation. The HI anomalies are first averaged over time for each storm at the specified magnitude in 
the groupings, and then averaged across all storms so that each storm is given equal weight. Separate results are 
shown for storm strength groupings. In this way, Hurricane Maria in 2017, for example, has spatial patterns that 
are averaged in each of the four composites because it varied from tropical storm to hurricane strength category 
5 within the analyzed domain.

For all storm intensities, the main spatial features are the central core of anomalously low heat due to storm 
related cloud cover and a surrounding area of anomalously high heat in an arc extending from the south south-east 
of the storm center to the north-west. Across the groupings, the arc pattern is similar. The location of highest HI 
values is generally northwest and southeast of the storms' center. The peak values, however, are higher for more 
intense storm groupings.

Figure 2. Spatial pattern of heat index (HI) anomalies for (a) all 53 cyclones, (b) only tropical storms, (c) minor hurricanes 
of categories 1–3 and (d) major hurricanes of categories 4–5. The spatial domain is 20° × 20°. “n” refers to the number of 
unique storms contributing to the composite. The HI anomalies are first averaged over time for each storm at the specified 
strengths in panels a–d, and then averaged across all storms so that each storm has equal weight.
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The standard deviations of the average HI across the storms in most cases are 0.5–1.0°C. Based on a one-tailed, 
one-sample t-test, the average temperature anomalies are significantly larger than zero (α  =  0.05) when the 
anomaly exceeds between about 0.25 and 0. 50°C (Figure S1 in Supporting Information  S1). These p-value 
calculations are likely to be conservative because the degrees of freedom have been defined by the number of 
storms rather than by the number of time steps to be consistent with giving each storm equal weight. In all four 
composites, the areas of anomalously high heat to the north and northwest and to the southeast indicate areas of 
statistically significant heating.

Anomalously high HI values around the storms span about 3–8 degrees of latitude and longitude. Given this 
reach, an island can experience anomalous heat even if the storm passes 100s of km from its coast. The heat 
patterns also indicate an effect of storm tracks on the heat experienced at a location. Most of the storms move in 
a westward to north-westward direction. Therefore, anomalous heat may be experienced prior to a storm if the 
storm approaches from the south-east, and after a storm if the storm continues to track to the north-west. For 
minor and major hurricanes, a trajectory passing south of an island and moving in a north-westerly direction 
could lead to, on average, lower and less persistent anomalous heat post storm than if the storm passed to the west 
of the island. Given this sensitivity to storm track, it is of interest to consider how anomalous heat is experienced 
at specific locations.

4.2. Temporal Heat Index Anomaly Patterns in the Wake of Cyclones

During the 30-year period, the 53 tropical cyclones produced 205 city-storm events. The trajectory of the cyclone 
affects the number of islands it impacts. Hurricane Marilyn in 1995 came within 100 miles of nine countries, 
while that same year tropical storm Sebastien affected only one country. In the 5 days following a cyclone's 
passage, the average maximum HI anomaly ranged between 1.6°C and 2.1°C for all countries except for Puerto 
Rico, which had an average maximum anomaly value of 2.8°C. Table  1 presents summary statistics for the 
countries.

All countries experienced periods of anomalously high HI values in the wake of a storm. Table 1 presents descrip-
tive statistics summarized at the country level for a 5-day period following the storms. The peak in the maximum 
HI anomaly values was or exceeded 3°C for 9 of the 14 capitals. Puerto Rico had the highest maximum HI 
anomaly at more than 5.2°C. The peak in anomalous HI value occurred most often within 3 days, particularly for 
hurricanes (Figure 3b); the peak for major hurricanes was often within the first day. The number of hours after 
the storm's passage in which peak HI anomalies occurred had considerable variability that was influenced by the 
speed of the storm.

The timing and degree of any HI anomaly is affected by a storm track and distance (as implied in Figure 2) as 
well as its size, speed, and the background climate through which the storm moves. As a result, each storm has 
a unique temporal pattern. However, a grand composite of all 30-day time series illustrates a typical temporal 
heat pattern as storms approach and move away from a reference location (Figure 3). The composite time-series 
shows three defining features. First, 1–2 days prior to the passage of the storm, anomalous HI values are highest. 
Second, a large decrease in the anomalous heat is then concurrent with the storm's closest position. Finally, in 
the wake of the storm, anomalous heat peaks within 2 days of the storms' passage, albeit at a lower value than the 
peak prior to the storm's passage.

There is high variability across island time-series and from event to event at a singular location, and thus a 
post-storm heat anomaly can be suppressed in the mean and standard deviation composites shown in Figure 3a. 
Accounting for the speed of the storms using distance instead of time on the x-axis shows a similar pattern (Figure 
S2 in Supporting Information S1). Major hurricanes on average have a higher maximum anomalous HI, a greater 
interquartile range of the maximum HI anomaly, and a longer time lag in which the maximum HI anomalies occur 
after the hurricane's passage compared to tropical storms and minor hurricanes (Figures 3b and 3c).

The two highest maximum values across all islands and storms occurred in Puerto Rico during Hurricane Dorian 
(2019) and Hurricane Marilyn (1995), approximately 55 and 47 hr after the storm's closest passage to San Juan, 
respectively. In both cases, the higher values are localized to the island's landmass (Figures S3 and S4 in Support-
ing Information S1). A visual inspection of the spatial patterns around the time of peak warming for Puerto Rico 
for the six storms with maximum HI anomalies greater than 3°C also shows a similar hotspot feature over the 
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land. Smaller islands do not have as prominent of a hotspot, suggesting land-surface effects may amplify the heat. 
The lack of the hotspot over smaller islands could also relate to data resolution.

5. Discussion and Conclusion
We emphasize the following results. First, the spatial patterns of HI values show distinct and statistically signif-
icant areas of anomalously warm conditions regardless of the storm intensity classification (Figure 1; Figure 
S1 in Supporting Information S1). Positive HI anomalies occur north, east, and south of the low center. These 
patterns are similar for composites of different storm strengths. Second, anomalous HI values were experienced 
after the passage of a cyclone in each of the 205 city-storm events, some as much as 5°C (Table 1). Moreover, 
the ERA5 data likely underestimate these anomalies as the median difference between temperatures measured 
at stations in the reference cities and the corresponding ERA5 grid was about 1°C (Figure S4 in Supporting 
Information S1). The peak in heat prior to the storms passage merits further inquiry; it may impact public health 
during the preparatory phase for an oncoming cyclone. Third, the intensity and timing of the peak anomalous 
heat exhibits high variability in part because of the speed and track of each storm. Finally, the spatial footprints of 
tropical cyclone-related warming are large and on average observed 100s of kilometers away from the cyclones' 
center. Thus, positive heat anomalies can occur after a lag of days and in locations that do not receive the brunt 
of a storm's impacts.

We suggest three main mechanisms to explain the spatial heat pattern in Figure 2: heat transport, subsidence of 
air around the cyclone, and solar radiation. Heat transport is influenced by the circulation of the storm and the 
meridional temperature gradient. The anomalously warm conditions on the southern side of the cyclone, and in 
particular the southeast quadrant of Figure 2, would be influenced by warmer and moist air advected in from the 
south. Likewise, the cooler conditions to the west of the storm would be influenced by cooler air transported from 

Figure 3. (a) Time-series of heat index (HI) anomalies for all 205 country-events. Shaded area is a 1 standard deviation 
range; black line is the mean HI for each hour of all 205 country-events. Hour zero denotes the storm's closest distance to 
the reference city, with negative and positive hours occurring before and after that time, respectively. (b) Scatter plot of 
post-storm peak anomalous HI by hour colored by strength. (c) Distributions of the maximum HI anomalies for all storms 
(left box plot) and for storm strength categories (3 right boxplots). Storms were classified into S/S categories based on the 
wind speed at the closest distance to the reference city. The number of values in each distribution is given on the x-axis (e.g., 
n = 127).
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the north. Moving away from the center of the cyclone, persistent areas of aior subsidence would lead to adiabatic 
warming, while also influencing cloud shading. Higher insolation would occur in areas with lower cloud cover, 
itself influenced by subsidence. The degree to which each of these mechanisms can explain the heat pattern 
requires further study.

The question arises as to whether a positive HI anomaly of several degrees C is consequential. Such a nuanced 
question requires attention to thermal comfort and socio-economic conditions at a level beyond the scope of this 
paper. We also note that our results based on gridded data may underestimate the heat observed on the ground. 
Nonetheless, research suggests that changes of several degrees are impactful on public health outcomes in several 
ways. First, several studies show increases in excess mortality per unit change in heat. In the United States, Bobb 
et al. (2014) estimated an excess of 1,907 deaths per summer per a 2.8°C (5°F) increase in average daily tempera-
tures, while Burkart et al. (2011) showed that mortality in rural and urban areas in Bangladesh increased between 
2.4% and 3.9% for a 1°C increase in HI. In the latter study, mortality began to increase at HI thresholds around 31°C, 
around the values we present in Table 1. Second, uncomfortable temperatures in the aftermath of Hurricane María 
were among the top concerns of cancer patients and health-care providers and administrators (Méndez-Lázaro 
et al., 2021). Finally, Bobb et al. (2014) showed that larger increases in central air conditioning prevalence tended to 
have slightly larger reductions in heat-related mortality risk over time. This implies that in the absence of electricity 
to power air conditioning, which would occur in the wake of damaging cyclones, excess mortality may increase.

Damaging winds and floods are the dominant impacts from tropical cyclones. Emergency management is focused 
on anticipating and addressing impacts from these forces. This research has identified a spatial pattern of anoma-
lous heat that is also associated with tropical cyclones and it generates at times large positive heat anomalies. We 
therefore call attention to a compound environmental stressor not well-appreciated: heat and hurricanes. Global 
warming only elevates the need to recognize the dual impacts from tropical cyclones and heat.

It is our hope that this analysis instigates studies that explicitly link compound heat and hurricanes condi-
tions to public health impacts. Even in absent of more research, there is evidence to alert people to prepare for 
warmer-than-average conditions after storms. We suggest that emergency managers and national weather services 
who are charged with public communication and preparedness activities consider communicating about potential 
heat impacts in the wake of potentially devastating storms.

Data Availability Statement
The IBTrACS data can be accessed at https://ibtracs.unca.edu/index.php?name=browse-year-basin. The ERA5 
hourly data can be accessed at https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels? 
tab=form.
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