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Introduction 

A natural hazard triggered technological accident, 

which is known as a Natech(1), is a typical type of 

cascading hazard which always involves chemical 

releases and can result in economic losses, and 

environmental and human health problems(2,3). 

Tropical storms and their related natural hazards, such 

as high winds, storm surge and heavy rainfall, can 

cause Natechs(4,5). Evidence from past accidents, 

shows an increasing trend in the number of tropical 

storm related Natechs (from herein after referred to as 

TSNatech), and this increase may be caused by 

climate change.  

According to several studies, climate change 

could affect the intensity, duration, and pathways of 

tropical storms. Based on studies by Mudd et al. (6,7), 

climate change could cause more intense (maximum 

wind speed) and larger hurricanes (radius to maximum 

wind speed) in the future, possibly affecting the 

number of Natechs as facilities or industrial 

installations in a wider area could be affected by more 

intense or prolonged tropical storms due to climate 

change. This study proposes a methodology to 

estimate the probability of TSNatechs based on wind 

energy by using Representative Concentration 

Pathways (RCPs) data and the Scenario Model 

Intercomparison Project (ScenarioMIP) data. 

Fig. 1 (a) Study area (b) the distributions of TSNatech number 

and tropical storm-number in month 

Data and methodology 

The methodology of this study is shown in Fig 2, 

and includes the following steps: Data collection; 

TSNatechs retrieval; TSNatech probability 

calculation; Wind energy calculation; TSNatech 

probability estimation against wind energy; and 

Estimation of TSNatech probability based on 

simulated climate data for the future under the SSP 

and RCP scenarios. This study focuses on TSNatechs 

that occur at fixed facilities and oil drilling platforms. 

The National Response Center (NRC) database of the 

United States is used to identify the TSNatech. The 

MERRA-2 dataset was employed to determine the 

areas affected by tropical storms in the United States 

(U.S.)’s Atlantic coast and the Gulf of Mexico from 

1990 to 2017. Through a spatial intersection analysis, 

the Natech data related to hurricane, storm, lightning, 

flooding, rain, and wind were spatially retrieved as 

TSNatechs considering tropical storm pathways, 

duration and Natech accident timing. Finally, only 

those TSNatechs that occurred at fixed facilities, 

storage tanks, and oil drilling platforms were selected 

as the target data (around 9,295 events) for this study. 

Furthermore, in order to calculate the TSNatech 

probability, the U.S. Toxics Release Inventory (TRI) 

Program’s basic data and the U.S. Oil and Natural Gas 

(ONG) Platforms data were consulted to count the 

number of installations that were affected by historical 

tropical storms. 

 

Fig. 2 Methodology 

Results 

By tranforming the retreived TSNatech data into 

grids, a generated s-curve was used to fit a type of 

fragility curve to describe the relationship between 

TSNatech probability and wind energy in the selected 

months in every grid for each year (shown in Fig 3 (a) 

and (b), respectively for each study area). 

 

Fig. 3 fragility curve describing the TSNatech probability 

against wind energy; the error bars are the standard deviation 

    Based on the identified fragility curves, 



TSNatech probabilities are estimated against gridded 

wind energy for the selected months from 2021 to 

2100 in study area A and B. 

Fig 4 shows the boxplots of estimated TSNatech 

probability under various climate scenarios. The 

estimated TSNatech probability in all scenarios are 

much higher than the TSNatech probability in the 

period of 1990-2017 both in study area A and B, 

which suggests that the TSNatech probability may 

increase in the future 80 years. 

Fig. 4 simulation results for the estimation of TSNatech 

probability based on the simulated climate data in different 

climate scenarios 
Discussion 

Since climate change could affect the intensity(8), 

frequency(9), and affected area of tropical storms(10), 

the occurrence of TSNatech might also be impacted 

by climate change. In contrast to previous studies 

regarding climate change and TSNatechs(11), this study 

estimates the TSNatech probability for the past and 

future climate based on wind energy, reports of 

historical TSNatechs, and climate simulation data. 

The identified s-curves suggest that the gridded 

wind energy can be used to estimate TSNatech 

probability. Moreover, the s-curves also showed that 

tropical storms were more prone to trigger Natechs in 

study area B from 1990 to 2017. Future research 

studies could investigate if the higher probabilities in 

Area B are related to tropical storms exceeding the 

design level of affected infrastructure, an increase in 

the number of storms that are expected to affect the 

region, or other factors.  

Moreover, TSNatech probability may decrease in 

the period of 2021 to 2100. That could be explained 

by the changes of wind energy calculated from the 

climate simulation data, as wind energy might follow 

a decreasing trend in the future. A similar decreasing 

trend in wind energy in the future at the same study 

area was also reported in the study of Chen(12), in 

which he analyzed the impacts of climate change on 

wind energy in north America. Especially, the 

decreasing trend in the wind energy of study area B 

were generated also in the studies of Tobin et al.(13) 

and Carvalho et al.(14). However, it is valuable to point 

out that even if TSNatech probabilities might decrease 

in the future 80 years, it may still be much higher than 

the value in the period of 1990-2017, especially in 

study area B. 

Conclusion 

This study presents a methodology through using 

wind energy to establish the empirical estimation for 

TSNatech probability in during the months when most 

TSNatech occurred and tropical-storms formed in the 

period of 1990 to 2017. Based on this methodology, 

the TSNatech probability was also estimated for the 

period of 2021 to 2100 by using the climate 

simulation data under various RCP and SSP scenarios. 

The results show a weak decreasing trend in TSNatech 

probability in the period of 2021 to 2100. However, 

compared with the TSNatech probability in the period 

of 1990 to 2017, the TSNatech probability may 

increase a lot around the Gulf of Mexico and along the 

eastern coastal area. Moreover, in a warming climate, 

the counts of extreme TSNatech probabilities may 

increase and the clustered occurrence of TSNatech 

may also become serious. Although this study could 

conclude that the TSNatech probability might change 

by following different climate scenario pathways, it 

remains unclear exactly how the elements in those 

scenarios affect the changes in TSNatech probability. 

This could be an important future research direction. 
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