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1. Executive Summary 
In a September 9, 2020 Tampa Bay Times editorial, Speaker of the Florida House of Representatives, 
Chris Sprowls, and President of the Florida Senate, Wilton Simpson acknowledged the great risks facing 
the Tampa Bay Area because of sea level rise and related extreme weather impacts.1 In fact, they noted, 
the Tampa Bay region is one of the most environmentally vulnerable areas in the country, experiencing 
frequent storm events and persistent flooding, and it is one of the most sea level rise vulnerable large 
metropolitan areas in Florida.2  

The Tampa Bay Regional Planning Council has called attention to this issue since at least 1991, and most 
recently, with The Cost of Doing Nothing (2017). Since that report was released, the Council’s 
jurisdiction has expanded from Hillsborough, Manatee, Pasco and Pinellas Counties to include Citrus 
and Hernando Counties. Moreover, the Climate Science Advisory Panel, a voluntary association of 
Tampa Bay area scientists, has issued revised sea level rise projections through 2100. Those projections 
have raised the upper range impact case scenario of nearly three feet of sea level rise by 2060—the 
horizon year of the Council’s economic model—to three and a half feet. 

Even as sea level rise projections change, there is a need to understand how its driving force—increasing 
temperatures—impacts the economy in terms of its impacts on farms, mortality, labor productivity and 
energy costs. With support from the US Environmental Protection Agency, Gulf of Mexico Program, this 
report serves two purposes—first, to provide a primer on the best available science on climate change 
in the Tampa Bay Region if no significant climate policy action is taken and carbonization of the economy 
increases, and second, to assess the potential economic impacts faced by the Tampa Bay Region from 
increasing temperatures on farm productivity, mortality, labor productivity, and energy costs.  

Table 1.1 Annual Climate Driven Economic Impacts Summary 

Millions (2018 $) 2030 2040 2050 2060 
Impact Type 2030 $ 2030 (%) 2040 $ 2040 (%) 2050 $ 2050 (%) 2060 $ 2060 (%) 
Farm -$9.3 0.0% -$25.8 0.0% -$42.1 0.0% -$64.0 0.0% 
Mortality -47.8 0.0% -88.6 0.0% -169.1 0.0% -294.4 -0.1% 
Labor 
Productivity 

-$351 -0.1% -$707 -0.2% -$1,235 -0.4% -$1,915 -0.5% 

Energy Costs -$189.6 -0.1% -$431.9 -0.1% -$570.5 -0.2% -$412.7 -0.1% 
Direct Annual 
GRP* 

-$596.9 -0.2% -$1,251.9 -0.4% -$2,016.0 -0.6% -$2,682.6 -0.6% 

Personal 
Income -$613.2 -0.2% -$1,336.2 -0.4% -$2,345.6 -0.6% -$3,512.4 -0.7% 

Total Job-Years -3347 -0.2% -6007 -0.3% -8187 -0.3% -8779 -0.4% 
Local Sales Tax -$2.4 -0.3% -$4.1 -0.6% -$5.6 -0.8% -$6.6 -0.9% 

* Rounding and economic model interaction effects may affect summed values.  

Summarized in Table 1.1, TBRPC’s forecast suggest that over time, the economic impacts of climate 
driven heat will gradually increase, reaching less than one percent of all personal income in the Tampa 
Bay Area, each year. While this estimate implies that the annual impacts of climate driven economic 
losses are small, the actual effects of climate change are likely to range over many more issues than are 

 

1 www.tampabay.com/opinion/2020/09/10/republican-leaders-say-florida-must-prepare-for-sea-level-rise-column/ 
2 Carter, L. M., J. W. Jones, L. Berry, V. Burkett, J. F. Murley, J. Obeysekera, P. J. Schramm, and D. Wear, 2014: Ch. 17: 
Southeast and the Caribbean. Climate Change Impacts in the United States: The Third National Climate Assessment, J. 
M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change Research Program, 396-417 
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covered in this report and may be more volatile and more impactful than an economic model that 
anticipates a continuing pattern of adjustment to adverse conditions can anticipate.  

However, Taking Stock’s results are broadly consistent with a recent study by the Congressional 
Budget Office on the effects of climate change on the US economy, which forecasted an impact of 
1 percent of Gross Domestic Product by 2050.3 While CBO’s projections show larger impacts to the 
US economy than this study shows for the Tampa Bay region, there are likely to be some 
methodological differences between the models used and how robust the economy is likely to be.  
Once other factors, such as sea level rise are considered, economic impacts to the regional 
economy are likely to be significantly higher than these heat-related impacts. 

There are several key findings in this study, these are: 

 Combined effects of drops in labor productivity and energy sector impacts may accumulate to 
an annual loss of about 0.6 percent of Gross Regional Product by 2060, negatively impacting 
the region’s competitiveness in a global economy;  

 Job losses across the region accumulate to nearly nine thousand each year by 2060 (0.4 
percent of all jobs); 

 The likelihood of higher costs for energy underscore the importance of energy efficiency in 
business activity, energy inefficiency may undermine Florida’s long term competitiveness; 

 Local sales tax revenues may be depressed about 1 percent below trend every year by 2060 
across the region; but  

 This report considers many, but not all, potential economic impacts of climate change by 2060; 
peak economic impacts are not likely to occur until later in the 21st century. 

  

 

3 Hernstadt, Evan, and Dinan, Terry. 2019. “CBO’s Projection of the Effect of Climate Change on U.S. Economic 
Output.” https://www.cbo.gov/system/files/2020-09/56505-Climate-Change.pdf. Working Paper 2020-06 
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1.1      About the Tampa Bay Regional Planning Council 
 
 

 

 

 

Established as Florida’s first regional planning council in 1962, the Tampa Bay Regional Planning 
Council (TBRPC) provides a forum to foster communication, coordination and collaboration among 
its member governments. Serving six counties (Citrus, Hernando, Hillsborough County, Manatee, 
Pasco and Pinellas) and twenty-one municipalities therein, the Council provides a wide range of 
services, including: 

 Economic Modeling and Analysis 
 Economic Development District 
 Visualization and 3D Design 
 Community Visioning and Planning 
 Spatial Growth Modeling 
 Hurricane and Hazard Preparedness Planning 
 The Official Disaster Planning Guide 
 GIS Mapping Services 
 LEPC: Hazardous Materials 
 Technical Assistance to Local Governments 
 Agency on Bay Management 
 Bay Soundings Quarterly Environmental Journal 

As one of the first Regional Economic Models (REMI) users in Florida, TBRPC has been providing 
economic analysis services to government agencies, non-profits and the private sector. Since 1999, 
TBRPC has conducted over 400 economic impact studies, covering topics such as transportation, 
environmental and natural resources management, land use decisions, business investment 
incentives, taxation, sports and other events and festivals. Many of these reports are available from 
the TBRPC website, http://www.tbrpc.org/eap/ 
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1.2 About Taking Stock 

In a September 9, 2020 Tampa Bay Times editorial, then incoming Speaker of the Florida House of 
Representatives, Chris Sprowls, and then incoming President of the Florida Senate, Wilton Simpson, 
acknowledged the great risks facing the Tampa Bay Area because of sea level rise and related 
extreme weather impacts.4 In fact, they noted, the Tampa Bay region is one of the most 
environmentally vulnerable areas in the country, experiencing frequent storm events and 
persistent flooding, and it is one of the most sea level rise vulnerable large metropolitan areas in 
Florida.5  

The Tampa Bay Regional Planning Council has called attention to this issue since at least 1993,with 
a study on sea level rise in Sarasota Bay, and most recently, with The Cost of Doing Nothing (2017), 
a report on the potential inundation impacts stemming from sea level rise in Hillsborough, 
Manatee, Pasco and Pinellas Counties.  

With support from the US Environmental Protection Agency’s Gulf of Mexico Program, this study is 
focused on the economic and broad fiscal implications of climate driven increased temperatures 
on jobs, personal income and Gross Regional Product, a measure of the overall size of the region’s 
economy. 

As such, Taking Stock: Climate Driven Heat Impacts on the Tampa Bay Region Under a High 
Emissions Scenario considers the implications of a high greenhouse gas emissions climate 
scenario—dubbed the High Emissions scenario, on critical points of the regional economy—
agriculture, mortality rates, labor productivity and energy demand. In brief, this report delineates 
the magnitude of key potential impacts to the region’s economic and fiscal baseline and some of 
the indirect and interaction effects between climate change and policy. It will be up to future efforts 
to explore how adaptation and mitigation measures will change the region and the state’s course. 

 

4 “Republican leaders say Florida must prepare for sea level rise” 
www.tampabay.com/opinion/2020/09/10/republican-leaders-say-florida-must-prepare-for-sea-level-rise-column/ 
5 Carter, L. M., J. W. Jones, L. Berry, V. Burkett, J. F. Murley, J. Obeysekera, P. J. Schramm, and D. Wear, 2014: Ch. 17: 
Southeast and the Caribbean. Climate Change Impacts in the United States: The Third National Climate Assessment, J. 
M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change Research Program, 396-417 
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2.    The High Emissions Scenario  
Global climate change is occurring and its anticipated impacts of increasing temperatures will affect 
how we live through the end of the century. Increasing temperatures are shifting growing seasons 
and where crops can be grown, temperatures affect our health and energy costs. Sea level rise 
affects coastal properties and how we use and maintain natural resources. 

For the Tampa Bay Area, sea level rise places billions of dollars of coastal real estate at risk of 
inundation, and in some counties, devaluation of residential property that is not at immediate risk 
of inundation.  Throughout the region, important roads, Tampa Bay Water’s desalination plant at 
Apollo Beach, various electrical energy generation plants around the region, MacDill Airforce Base, 
and other critical facilities are at risk of sea level rise impacts. However, this report is focused on 
increasing temperatures and how those increasing temperatures will shape the region’s economy 
with higher energy costs, lower labor productivity and higher mortality rates.  

In this section, the Tampa Bay Regional Planning Council (TBRPC) summarizes the scientific 
consensus view of how the climate science community views about climate change, bringing 
together a wide range of direct and indirect consequences of climate change. That scientific 
consensus, however, recognizes that future impacts will vary based on how much more 
greenhouse gasses are introduced into the atmosphere. Scientists have classified the range of 
potential outcomes to the environment based on the impacts of climate change, including a high 
impact scenario among a group of potential climate outcomes. Those outcomes, or scenarios, are 
called Representative Concentration Pathways. 

2.1      Representative Concentration Pathways (RCPs) 
 
When and how much climate change affects the world as we know it depends upon both the 
responses of earth’s systems as well as the interventions taken by humans to abate further effects, 
such as through policy and technological innovation. Climate research and assessment often draws 
upon models to better visualize and approximate these complex, multidirectional exchanges. In 
turn, climate models are fueled by a range of conditions, bundles of various socio-economic and 
emission scenarios, to approximate past and future conditions. Those scenarios are critical to 
understanding long-term climate impacts from human contributions, socio-economic and 
environmental costs, and mitigation possibilities.6  

Following the recommendation of the Intergovernmental Panel on Climate Change (IPCC), the 
international modelling community has developed a set of four scenarios, or “Representative 
Concentration Pathways” (RCPs), that are used by climate models to describe how technological, 
socioeconomic, energy and land use changes, air pollutants, and greenhouse gas emissions may 
unfold over the coming centuries.7  Most importantly, the pathways support standardized inputs 

 

6 van Vuuren, D. P. et al. The representative concentration pathways: an overview. Clim. Change 109, 5–31 (2011). 
7 Moss, R. H. et al. The next generation of scenarios for climate change research and assessment. Nature 463, 747–
756 (2010). 
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for climate models, enabling the exploration of implications from different policies and mitigation 
approaches. In this way, the pathways integrate a variety of scientific disciplines while providing 
researchers with a common set of scenarios for year-2100 conditions, allowing for easier 
communication and comparison.8  

Each of the four RCPs correspond to radiative forcing levels of 8.5, 6, 4.5, and 2.6 watts per square 
meter (W/m2). Radiative forcing is the difference between the energy (sunlight) flowing into the 
earth’s atmosphere and the energy that is reflected back into space, which is caused by additional 
greenhouse gases.  

RCP2.6 (sometimes referred to as RCP3-PD, or a peak-and-decline scenario) represents a very low 
forcing level with a peak in radiative forcing at 3 W/m2 that then declines to 2.6 W/m2 (~490 ppm 
of CO2) by 2100.9 An increase of 8.5 watts per square meter under RCP 8.5 can result in an increase 
of 4.8 degrees Celsius or almost 9 degrees Fahrenheit by 2100, yielding sea level rise as the result 
of the thermal expansion of ocean waters as well as ice melt in the Arctic and Antarctica.10. That 
change is consistent with a sea level rise increase of 4 to 6.6 feet by 2100.11  

 

2.2     The Relevance of a High Emissions Scenario 
 

The High Emissions scenario in TBRPC’s study is consistent with RCP 8.5, the worst case scenario of 
an increase of 8.5 watts per square meter in greenhouse gas emissions by 2100.12 While RCP 8.5 
may be a clearly pessimistic scenario, that does not mean its low likelihood implications can be 
disregarded as low importance. On the contrary, when critical infrastructures—evacuation routes, 
hospitals, utilities, and other lifeline services are at stake—in other words, high impact events, 
those contingencies are relevant to public decision making.   

This High Emissions scenario can be interpreted as the wider context for the decisions facing the 
Tampa Bay region—the state of the economy and the likelihood of a fiscal squeeze for local 
governments, when considering long-term infrastructure improvements. Those decisions may also 

 

8 van Vuuren, D. P. & Carter, T. R. Climate and socio-economic scenarios for climate change research and assessment: 
reconciling the new with the old. Clim. Chang. 122, 415–429 (2014).  
9 van Vuuren, D. P., Edmonds, J. A., Kainuma, M., Riahi, K. & Weyant, J. A special issue on the RCPs. Clim. Chang. 109, 
1–4 (2011). 
10 Yin, J., 2012: Century to multi-century sea level rise projections from CMIP5 models. Geophysical Research Letters, 
39, 7, doi:10.1029/2012GL052947 
11 Rahmstorf, S., M. Perrette, and M. Vermeer, 2012: Testing the robustness of semi-empirical sea level projections. 
Climate Dynamics, 39, 861-875, doi:10.1007/s00382-011-1226-7 
12 Keywan Riahi, Shilpa Rao, Volker Krey, Cheolhung Cho, Vadim Chirkov, Guenther Fischer, Georg Kindermann, 
Nebojsa Nakicenovic, Peter Rafaj. 2011. RCP 8.5—A scenario of comparatively high greenhouse gas emissions. 
Climatic Change (2011) 109:33–57 
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be important as Florida case law regarding local governments’ responsibilities to maintain 
infrastructure in a good state of repair continues to evolve.  

 
2.3      Increased Temperatures 

Record high temperatures continue to increase across much of the United States, a trend that is 
projected to continue through the end of the 21st-century. Greenhouse gases naturally trap heat 
within the earth’s atmosphere, but the influx of greenhouse gases released by human activities has 
led to greater warming. Records from the National Climatic Data Center (NCDC) show that human-
induced warming has reached approximately 1°C (1.8°F) above pre-industrial levels, and 
temperatures over the last decade have been the highest on record.  

In a future warmer climate, the shift towards higher mean temperatures and an increase in 
variability will result in a more frequent occurrence of heatwaves and hotter temperature 
extremes.13 Models project substantial warming in temperature extremes by the end of the 21st 
century and Florida will likely experience a near tripling in the frequency, and greater than sixfold 
increase in the mean duration of heatwaves under a high emissions scenario.14 These increasing 
temperatures and heatwave events will precipitate human injuries and fatalities, in addition to 
other societal, physical, and ecological impacts.   

The last three decades have each been successively warmer than any preceding decade since 1850, 
and the last decade has been the warmest on record.15 Temperature extremes have followed a 
similar pattern with a discernable decrease in the frequency of cold waves since the early 1900s 
and an increase in the frequency of heat waves since the mid-1960s. Although there is no 
universally accepted definition of “heat wave,” they are more generally regarded as acute periods 
of extreme warmth that occur when temperatures persist above a certain threshold level for two 
or three consecutive days.16  Table 2.1 summarizes the number of projected days over 90 degrees 
Fahrenheit in the Tampa Bay Area, with a county-level tabulation provided by personal 
communication with the Union of Concerned Scientists. 

 

 

 

 

13  IPCC, 2012: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A Special 
Report of Working Groups I and II of the Intergovernmental Panel on Climate Change [Field, C.B., V. Barros, T.F. 
Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. 
Midgley (eds.)]. Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 pp.  

14 Raghavendra (2018). 
15 IPCC, 2019. 
16 Margolis, H. G. (2014). Heat waves and rising temperatures: human health impacts and the determinants of 
vulnerability. In Global Climate Change and Public Health (pp. 85-120). Humana Press, New York, NY.  
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Table 2.1 Projected Annual Days of Heat Index Over 90° F in the Tampa Bay Area 

Avg. Days over 90° F 1970-2000 Projected Mid-Century (2036-2065) Projected Late-Century (2070-2099) 
Slow action No action Slow action No action Rapid action 

Citrus 129 164 (27%) 170 (32%) 171 (33%) 190 (47%) 166 (29%) 
Hernando 139 171 (23%) 177 (27%) 178 (28%) 194 (39%) 173 (25%) 
Hillsborough 142 173 (22%) 179 (26%) 180 (27%) 195 (38%) 175 (25%) 
Manatee 141 173(23%) 179 (27%) 180 (27%) 196 (39%) 175 (24%) 
Pasco 142 173 (22%) 179 (26%) 179 (26%) 195 (37%) 175 (23%) 
Pinellas 135 167 (23%) 173 (28%) 173 (28%) 192 (42%) 168 (24%) 
Tampa Bay 138 170 (23%) 176 (28%) 177 (28%) 194 (40%) 172 (25%) 
Source: Union of Concerned Scientists, 2020, Personal Communication. 

Overall, the frequency, duration, and intensity of heat waves have been on the rise since the 1960s, 
and these extreme temperatures are projected to increase relative to average temperatures.17 
Heat waves are frequently referred to as the “silent meteorological killer,” especially in areas with 
elderly populations or underdeveloped infrastructure.18 Today, extreme heat events are 
responsible for more annual fatalities in the U.S. than any other form of extreme weather.19 In 
addition, increasing warming amplifies the exposure of low-lying coastal areas to the risks 
associated with sea level rise for many human and ecological systems, including saltwater intrusion, 
flooding and damage to infrastructure.20   

Given the high level of urbanization along the coast, urban development heat impacts also 
influence the economy. Cities tend to have much higher temperatures than their surrounding rural 
landscapes, which are often referred to as "Urban Heat Islands" (UHI). High concentrations of 
roads, buildings, and other infrastructure absorb and re-emit the sun's heat more so than natural 
land cover, causing surface and ambient temperatures to rise in these urbanized pockets, 
particularly during the summer. In the US, the UHI effect results in daytime temperatures 0.9°–
7.2°F higher in urban areas, with larger temperature differences in humid regions, such as Florida, 
and in cities with larger and denser populations.21 It is highly likely that the UHI effect 
will strengthen in the future as the structure, spatial extent, and population density of urban areas 
change and grow.  

Heat islands compromise the health of urban populations by exacerbating the impacts of heat 
waves, including heat-related illnesses and deaths. Sensitive populations, such as children, older 
adults, and those with existing health conditions, and socially vulnerable groups such as minorities 

 

17 Habeeb, D., Vargo, J., & Stone, B. (2015). Rising heat wave trends in large US cities. Natural Hazards, 76(3), 1651-
1665.  
18 Cloutier-Bisbee, S. R., Raghavendra, A., & Milrad, S. M. (2019). Heat waves in Florida: Climatology, trends, and 
related precipitation events. Journal of Applied Meteorology and Climatology, 58(3), 447-466.  
19 Habeeb (2015). 
20  IPCC -www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Summary_Volume_Low_Res.pdf  
21 Hibbard, K.A., F.M. Hoffman, D. Huntzinger, and T.O. West, 2017: Changes in land cover and terrestrial 
biogeochemistry. In: Climate Science Special Report: Fourth National Climate Assessment, Volume I Wuebbles, D.J., 
D.W. Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and T.K. Maycock (eds.)]. U.S. Global Change Research Program, 
Washington, DC, USA, pp. 277-302, doi: 10.7930/J0416V6X. 
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and low-income people are particularly at risk to elevated urban heat in the Tampa Bay Area.22 The 
effects of the UHI are compounded by human-induced climate change, growing urbanization, and 
aging populations.  

Those outcomes will yield significant changes to temperatures and to the mean sea level. Those 
factors have direct impacts on mortality, agricultural and labor productivity, and energy 
expenditures. Indirectly, sea level rise yields coastal erosion and a rising water table and may 
contribute to salt water intrusion into the Floridan aquifer. Together, heat and changes to the 
complex interplay of ocean currents and weather patterns are likely to lead to more extreme 
weather events.  

2.4      Sea Level Rise: Inundation and Coastal Erosion 

Since 1946, monthly mean water levels in the Tampa Bay region have increased 7.8 inches from 
the gauge’s first reliable records in 1946 to 2019, according to the National Oceanic and 
Atmospheric Administration (NOAA)’s tide gauge in St. Petersburg.23 NOAA estimates that over the 
next 50 years, sea levels are likely to rise anywhere from another nine inches to more than three 
feet.  

Coastal areas, including the Tampa Bay region, are expected to experience shoreline inundation 
and coastal erosion resulting from sea level rise and storm surge events. Large magnitude storms 
can reshape the coast within a short time frame, whereas the impacts attributed to sea level rise 
are slow and cumulative.24 The immediate effects include submergence, increased flooding, and 
saltwater intrusion into surface water, while long-term effects will increase shoreline erosion and 
induce saltwater intrusion into groundwater as the coast adjusts. The severity and frequency of 
inundation events is projected to worsen as coastal cities grow and sea levels rise.25  

Inundation risks are a product of physical factors, such as the risk of storm surge and local 
topography, in addition to socio-economic factors, such as the level of development and the 
capacity of a community to adapt. Since coastal zones are the most heavily developed land zones 
in the world, negative impacts of climate change on sea level, wave conditions, storm surge, and 
river flow will affect the coastal zone in many ways, including profound socio-economic impacts.   

Shoreline inundation occurs when the high water line migrates landward in proportion to the slope 
of the coastal area.26 In some areas the slope is very gradual, and the impact from sea level rise can 
be severe. For example, for low-lying regions such as salt marshes, an increase in the rate of sea 

 

22 Bruce Coffyn Mitchell & Jayajit Chakraborty (2014) Urban Heat and Climate Justice: A Landscape of Thermal 
Inequity in Pinellas County, Florida, Geographical Review, 104:4, 459-480, DOI: 10.1111/j.1931-0846.2014.12039.x 
23 CSAP, 2019. 
24 Passeri, D. L., Hagen, S. C., Medeiros, S. C., Bilskie, M. V., Alizad, K., & Wang, D. (2015). The dynamic effects of sea 
level rise on low-gradient coastal landscapes: A review. Earth's Future, 3(6), 159-181.  
25 Harman, B. P., Heyenga, S., Taylor, B. M., & Fletcher, C. S. (2015). Global lessons for adapting coastal communities 
to protect against storm surge inundation. Journal of Coastal Research, 31(4), 790-801.  
26 Zhang, K., Douglas, B. C., & Leatherman, S. P. (2004). Global warming and coastal erosion. Climatic change, 64(1-2), 
41.  
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level rise much beyond a few millimeters per year can result in marsh destruction because the 
plants there cannot respond rapidly enough to the increasing water level and will drown.  

The erosion of beaches is a different physical process involving the redistribution of sand from the 
beach face to offshore. A significant rise in sea level is expected to accelerate beach erosion in areas 
already eroding and begin the start of erosion in areas not previously subject to erosion. This is due 
to several factors, including high water levels allowing waves and existing erosion processes to act 
farther up on the beach profile; higher sea levels allowing waves to get closer to the shore before 
breaking; deeper water decreasing wave refraction while increasing the capacity for alongshore 
transport of sand; and higher sea level potentially changing the source of sediments, for example, 
by decreasing river transport to the sea as the mouth is flooded.27   

Sea level rise is also likely to impact the region’s water supplies. Upward migration of coastal 
wetlands may inhibit natural improvement of the quality of stormwater runoff.  Saltwater intrusion 
reduces water quality in aquifers that supply urban, agricultural, and industrial water users. Aging 
municipal sewer systems can experience infiltration that reduces the quality of reclaimed water 
currently used to offset fresh water demands.28  

2.5      Sea Level Rise: Saltwater Intrusion and Subsidence 

Across the United States, more than 40 percent of the population live in coastline counties and 
utilize local aquifers for their water supply.29 Both the intensification of coastal development and 
rising sea levels have aggravated saltwater intrusion. Saltwater intrusion is the landward movement 
of marine salts via surface or ground water connections, which leads to an upward displacement of 
the freshwater–saltwater interface in coastal aquifers and increased saltwater penetration in 
estuaries.30 Saltwater intrusion in coastal aquifers is common in coastal areas and is often due to 
supply wells being over-pumped to meet the demands of growing development and population 
densities.31   

Since its modern settlement in the early 1900s, Florida has experienced various forms of saltwater 
intrusion. Under natural conditions, coastal aquifers are recharged by rainfall events, and the 
recharged water flowing towards the ocean would prevent saltwater from encroaching into the 

 

27 Sorensen, R. M., Weisman, R. N., & Lennon, G. P. (1984). Control of erosion, inundation, and salinity intrusion 
caused by sea level rise. Barth MC, Titus JG (eds) Greenhouse effect and sea level rise. A challenge for this generation. 
Van Nostran Reinhold Company Inc, New York. Pp179, 214. 
28 swfwmd.state.fl.us/sites/default/files/2020_RWSP_TampaBay_PR_Final_Draft_November_2020_Web.pdf.  
29 https://coast.noaa.gov/states/fast-facts/economics-and-demographics.html  
30 Bhattachan, A., Emanuel, R. E., Ardon, M., Bernhardt, E. S., Anderson, S. M., Stillwagon, M. G., ... & Olden, J. D. 
(2018). Evaluating the effects of land-use change and future climate change on vulnerability of coastal landscapes to 
saltwater intrusion. Elementa: Science of the Anthropocene, 6  

31 Díaz, P., Morley, K. M., & Yeh, D. H. (2017). Resilient urban water supply: preparing for the slow-moving 
consequences of climate change. Water Practice and Technology, 12(1), 123-138.  
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freshwater region. Therefore, the point at which the seawater and freshwater meet, or the 
freshwater/saltwater interface, is maintained offshore.  

However, over exploitation of coastal aquifers and other causes reduce groundwater levels and 
natural flow, leading to saltwater intrusion with varying degrees of severity and complexity.32 As 
the groundwater levels decline, the freshwater/saltwater interface moves toward the land, and 
ultimately onshore, in an attempt to reach a new stable balance. This freshwater/saltwater 
interface is already located onshore in much of the Tampa Bay region.33 The problem of saltwater 
intrusion is exacerbated where a highly permeable aquifer, such as the Upper Floridan Aquifer, an 
important source of water in the Tampa Bay region, extends offshore beneath the sea floor.   

The drivers of saltwater intrusion can be natural, such as storm surges, climatic fluctuations, sea 
level rise, and subsidence, or anthropogenic, such as land drainage, pumping of freshwater 
aquifers, water withdrawals or other water diversions, and other land-use changes within the 
watershed.34 Although sea level rise is a natural driver of saltwater intrusion, human activity driven 
climate change exacerbates the effects of sea level rise and will also likely shape the timing and 
magnitude of climatic cycles and extreme events.35 

Any variation in rainfall, evaporation, groundwater recharge, or runoff due to climate variability 
and change would affect both the demand and availability of freshwater. In a hotter, drier climate, 
residential water demand would increase due to more irrigation and other outdoor water uses. As 
a result, water resources would diminish due to less rainfall and more evaporation of fresh water, 
as well as salt water intrusion into aquifers in Florida’s coastal areas.36 Saltwater intrusion is 
expected to increase with Florida’s rapidly growing population and accompanying increased 
demand on water resources.37   

According to the Southwest Florida Water Management District, local and sub-regional saltwater 
intrusion has been observed throughout the Tampa Bay Region.38 To reduce its vulnerability and 
meet future demand, Tampa Bay Water, which supplies water to more than 2.5 million people 
across six counties and municipalities, diversified its water sources by building a desalination plant 
in 2008, as well as implemented different supply management initiatives. The utility now delivers a 
blend of surface (river) water, desalinated seawater, and groundwater.39 Groundwater pumped 

 

32 Chang, S. W., Clement, T. P., Simpson, M. J., & Lee, K. K. (2011). Does sea-level rise have an impact on saltwater 
intrusion?. Advances in water resources, 34(10), 1283-1291.  
33 swfwmd.state.fl.us/sites/default/files/medias/documents/2015_RWSP_TBPR_GB_APPROVED_121415.pdf  
34 White, E., & Kaplan, D. (2017). Restore or retreat? Saltwater intrusion and water management in coastal 
wetlands. Ecosystem Health and Sustainability, 3(1), e01258. 
35 White, E., & Kaplan, D. (2017). 
36 Borisova, T., Rawls, C., & Adams, D. (2009). Balancing Urban Water Demand and Supply in Florida: Overview of 
Tools Available to Water Managers. University of Florida 
37 Ryder, P. D., & Mahon, G. L. (1982). Potential for saltwater intrusion into the Upper Floridan aquifer, Hernando 
County, Florida. US Geological Survey Water-supply Paper, 97.  

38 swfwmd.state.fl.us/sites/default/files/medias/documents/2015_RWSP_NPR_GB_APPROVED_121415.pdf 
39 tampabaywater.org/tampa-bay-regional-drinking-water-sources  
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from the Floridan Aquifer remains a significant source of its supply at an annual average of 120 
million gallons per day.40   

2.6      Extreme Weather 
 

Weather and climate disasters pose an increasing risk to life, society, and ecosystems around the 
world. There is strong evidence of an increasing trend over the last several decades in the 
frequency, intensity, and duration of certain extreme weather events in response to a changing 
climate.41 The character and severity of impacts from extreme weather and climate events are the 
product of both the extremes themselves as well as the exposure and vulnerability of 
communities.   

An extreme weather event refers to changing weather patterns that occur in less than a day up to 
a few weeks, whereas an extreme climate event occurs over longer time scales through an 
accumulation of weather events that may or may not be extreme when considered alone. 
Regardless, weather or climate events result from a combination of different natural and human-
caused factors such as large-scale circulation, soil moisture, anthropogenic climate change and 
aerosol effects that enable the specific conditions of an event.42  

The state of Florida, and the Tampa Bay region, are at risk to various types of weather extremes, 
including storms and hurricanes, flooding, droughts, and high/low temperatures.43 In terms of 
impact potential, hurricanes are the most dangerous threat to Florida.  

Although a major hurricane has not made direct landfall in Tampa Bay since 1921, almost every 
year the region suffers effects from tropical storms and weak hurricanes passing by.44 Hurricanes 
can be the source for numerous hazards, such as damaging winds, precipitation, tornadoes, or 
storm surges, all of which can have impacts on habitats, emergency services, bridges and other 
infrastructure such as the power grid, and water facilities. A growing number of studies reveal an 
increase in the intensity of tropical cyclones around the world in recent decades and continuing 
into the future.45   

Moreover, flooding in Florida occurs in several different ways that include localized rainfall 
flooding, river flooding, and coastal flooding. Flooding in coastal areas is often due to a combination 

 

40 In areas where minimum aquifer levels have been set, aquifer storage and recovery are used to establish a 
freshwater “wedge” to stop saltwater intrusion. 
41  National Academies of Sciences, Engineering, and Medicine. 2016. Attribution of Extreme Weather Events in the 
Context of Climate Change. Washington, DC: The National Academies Press. doi: 10.17226/21852.   
42 National Academies of Sciences, Engineering, and Medicine. 2016. 
43 Collins, Jennifer; Paxton, Charles M.; Wahl, Thomas; and Emrich, Christopher T (2017) Climate and Weather 
Extremes, in E. P. Chassignet, J. W. Jones, V. Misra & J. Obeysekera (Eds.), Florida's Climate: Changes, Variations, & 
Impacts, CreateSpace Independent Publishing Platform, p. 579-615 doi.org/10.17125/fci2017.ch20  
44 Paxton, C. H. (2019). Overview of Potential Hurricane Death and Damage in the Tampa Bay Region. In Hurricane 
Risk (pp. 89-121). Springer, Cham.  
45 Elsner, J. B., Kossin, J. P., & Jagger, T. H. (2008). The increasing intensity of the strongest tropical 
cyclones. Nature, 455(7209), 92-95.  
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of storm surge and rain, as surge covers drain pipes and rainfall runoff inundates the streets. Every 
county in Florida faces flood hazards because of the state’s low elevation above sea level.  

Despite high precipitation averages, Florida is still vulnerable to droughts, particularly during the 
dry season when rainfall is fast-moving and minimal. Extended periods of insufficient rain lead to 
the ground hardening, reduced ground and surface water levels, water shortages, adverse impacts 
to agriculture, and higher risk of wildfires. These stretches of dry weather, and subsequent 
drought, will likely intensify globally in the 21st century.  

Since much of Florida is a peninsula, its weather and climate are strongly influenced by the 
surrounding bodies of water. For example, the Sea Surface Temperature (SST) around Florida in 
June, July, and August averages between 25 °C–30 °C and helps to regulate the land surface and 
lower atmospheric air temperatures.46  However, the ocean also releases water vapor into the 
lower troposphere as humidity, which can limit the human body’s ability to dissipate heat via 
evaporative cooling. This could be detrimental and even fatal in the event of a heatwave.  

All of these impacts to our existing climate will yield economic impacts. Since this report is focused 
on heat driven impacts, and not sea level rise, TBRPC analyzes the socioeconomic impacts of the 
following climate-driven events. These impacts are: 

 Decreased farm output 
 Increased mortality rates 
 Decreased labor productivity 
 Increased energy expenditures 

 

  

 

46 Raghavendra, A., Dai, A., Milrad, S. M., & Cloutier-Bisbee, S. R. (2018). Floridian heatwaves and extreme 
precipitation: future climate projections. Climate Dynamics, 52(1-2), 495-508.  
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3.    Socioeconomic Impacts of Heat 
The Tampa Bay Regional Planning Council’s approach to assessing the socioeconomic impacts of 
climate change is based on bringing together the most comprehensive analysis of socioeconomic 
impacts of climate change available with the analytical capabilities of an economic modeling 
software package to assess and compare those impacts at the regional and statewide level. In this 
section, TBRPC analyzes the economic impacts of the High Emissions (RCP 8.5) Scenario on the 
Tampa Bay region economy in particular, and the Florida economy in general. 

Combining inputs from the American Climate Prospectus (ACP) and Risky Business reports as well 
as from peer-reviewed research articles, local data derived from Geographic Information Systems 
and local experts, TBRPC used REMI PI+ to model the effects of those High Emissions inputs as 
Tampa Bay Area and statewide economic impacts of various key climate change drivers. The 
American Climate Prospectus (ACP) is a particularly important source for this study, as it provides 
forecasted climate impacts for several important climate change drivers (mortality, farm output, 
labor productivity, energy demand) at the national, state and county level scales through 2100.  

However, the results of the study in the ACP are only part of the story—ACP results tell us that 
more than 5,000 Floridians are likely to die each year from excess heat, and that labor productivity 
and farm output will decline by a certain percentage by 2100—but do not tell us how much damage 
that represents in terms of measures of the size of the economy (Gross Regional Product), in terms 
of jobs, or other economic indicators. By associating each factor with economic impact data, TBRPC 
can compare socioeconomic impacts, and evaluate their relative importance. 

Since the most important innovation of this report is to clearly state the economic and fiscal 
consequences of taking no action on climate risks for Florida communities, the ACP is not enough. 
Instead, using economic and fiscal benchmarks—such as the loss of sales and property taxes—
associated with climate change may be helpful in framing the risks of the loss of labor productivity 
or of devastating heat waves.  

Economic impact analysis contrasts a baseline forecast—the assumed background economic 
activity that represents existing or anticipated trends into the future—with some impact that 
causes some net change to the baseline. Due to the limitations of the REMI model, TBRPC’s analysis 
extends only to the model’s horizon year of 2060. Moreover, there are many dimensions of heat 
and sea level rise impacts that are not addressed in this report. For example, a disproportionate 
number of low-income Tampa Bay Area residents live in areas that are most exposed to climate 
risks. That aspect of climate risk is considered in a separate TBRPC study under the Resilience and 
Energy Assessment of Communities and Housing (REACH) project.47 Public health costs of heat 
exhaustion are also not considered. 

Throughout this report, TBRPC reports impacts, or shocks, to the baseline forecast, but does not 
focus on the baseline forecast itself. Instead, Table 3.1 provides data on each TBRPC county’s 

 

47 www.tbrpc.org/resiliency-2/ 
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“Gross Regional Product,” a statistic that represents the overall size of each county’s economy in 
the same way “Gross Domestic Product” does for the US economy. This information can be useful 
to understanding the proportional impact of all of the economic impact tables.  

Table 3.1 Baseline Decennial Gross Regional Product Forecast (2018 Millions $) 

County/ 2018 
millions $ 

2020* 2030 2040 2050 2060 

Citrus $4,550 $5,860 $6,964 $7,969 $9,218 

Hernando $4,968 $6,576 $8,129 $9,676 $11,489 

Hillsborough $96,916 $123,043 $148,053 $175,861 $208,511 

Manatee $15,842 $21,054 $25,316 $29,331 $33,980 

Pasco $14,561 $19,625 $24,383 $29,034 $34,094 

Pinellas $56,537 $70,141 $83,422 $100,311 $119,953 

Tampa Bay $193,374 $246,298 $296,267 $352,183 $417,244 

Source: TBRPC REMI PI+ v 2.4.1, 2021. *Adjusted for COVID-19 impacts. 
 
As the regional planning council for the Tampa Bay region, TBRPC is primarily concerned with the 
six counties comprising our region specifically, but events affecting the national and state 
economies yield consequences for the region. Because many of the changes associated with 
climate change impact those larger geographies, TBRPC modeled certain climate impacts at the 
national, state and county level, but reporting is focused on the county and the combined regional 
impacts. 

3.1      Decreased Farm Output 
 

Few industries are as sensitive to climate change as agriculture and its “forward” (such as packaging 
and transportation) and “backward” (livestock feed, water) linkages. Increased heat and carbon 
dioxide in the atmosphere, changes in growing seasons, the water table, and weather patterns are 
just some of the features of climate change that can influence farm output, the total value of 
agricultural production. 

Florida’s mild climate makes it viable for growing a variety of crops, including oranges, grapefruit, 
snap peas, cucumbers, bell peppers, squash, sweet corn, tomatoes, watermelons, sugar cane, 
tangerines, and strawberries. Some of these crops are grown within specific regions in Florida, 
while others are grown throughout the state with different seasons and market windows.48 In 
recent decades, Florida’s agricultural land under production has been declining, primarily 

 

48 Her, Younggu, Kenneth Boote, Kati W. Migliaccio, Clyde Fraisse. 2017. “Climate Change Impacts and Adaptation in Florida's 
Agriculture. Florida's Climate: Changes, Variations, and Impacts” (pp.235 - 267)., Editors: Eric P. Chassignet, James W. Jones, 
Vasubandhu Misra, Jayantha Obeysekera 
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attributed to land development pressures, economic drivers such as foreign competition, and 
disease, such as citrus greening and climatic changes.  

Crop growth and productivity, including the prevalence of pests and diseases, are affected by 
climactic factors, such as temperature, rainfall, and atmospheric carbon dioxide concentration. 
Climate scenarios project increased intensity of extreme events, including heavy storms, flooding, 
and drought as a result of rising temperatures and subsequent increase in moisture-holding 
capacity of air. Climate variability has already impacted Florida’s citrus production, and will 
continue influencing the state’s agricultural productivity in the coming decades.49 

Rising temperatures impacts include shortened crop life cycles, reduced yields, reduced chill hours, 
increased heat stress, increased water use, increased pests and diseases, and overall crop failure. 
Although crops differ in their failure point temperatures, generally rising temperatures shorten 
crop life cycles, which reduces resource capture and often leads to reduced yields. On the other 
hand, rising temperatures will enhance the growth of some forage crops but reduce their nutrient 
availability, which will have implications for Florida’s livestock.50  

Rising air temperatures may both directly and indirectly affect Florida’s livestock production 
through their food, life cycle, and production potential. Increased temperatures can lead to a 
higher prevalence of heat stress, illness, disease, and livestock death. Furthermore, at high 
temperatures, the feed intake and digestive efficiency of livestock decreases. All of these factors 
reduce the productivity of livestock. For example, dairy cows produce less milk, and meat 
production falls due to a reduction in growth rates from increased temperatures.51  Table 3.2 lists 
the key climate factors affecting crop output in Florida.  

Table 3.2 Climate Change Impacts on the Florida Growing Season 

Changes Positive Impacts Negative Impacts 

Elevated CO2 concentration Increased growth rate and water use 
efficiency 

Increased weeds, decreased 
nutritive products 

Increased temperature Less frost damage, improved winter 
growth, earlier planting 

Reduced chill hours, increased 
heat stress and water use, 
increased pests, risk of freeze if 
there is early flowering, decreased 
arable land 

Intensified rainfall and prolonged dry 
period 

 Increased runoff, erosion, 
irrigation need and chemical 
leaching 

 

 

 

49 Her, 2017.  
50 Her, 2017. 
51 Her, 2017 

Sources: Chassignet, E. P., Jones, J. W., Misra, V., & Obeysekera, J. (Eds.). (2017). Florida's climate: Changes, 
variations, & impacts. Gainesville, FL: Florida Climate Institute. Chapter 8: Climate Change Impacts and 
Adaptation in Florida’s Agriculture. 
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Using the state data from the American Climate Prospectus’ estimate of change in total farm 
output in Florida,52 TBRPC modeled economic impacts of change in farm output throughout the 
state and the economic “fall out” of farm output losses in the Tampa Bay region were estimated in 
REMI PI+. Table 3.3 is a summary of those impacts. 

Table 3.3 Annual Farm Output Impacts on the Baseline Gross Regional Product Forecast  

Millions 2018 $ 2030 2040 2050 2060 
Region 2030 $ 2030 (%) 2040 $ 2040 (%) 2050 $ 2050 (%) 2060 $ 2060 (%) 
Citrus -$0.2 0.0% -$0.6 0.0% -$1.1 0.0% -$1.6 0.0% 
Hernando -$0.3 0.0% -$0.8 0.0% -$1.3 0.0% -$2.0 0.0% 
Hillsborough -$4.6 0.0% -$12.7 0.0% -$20.9 0.0% -$31.8 0.0% 
Manatee -$2.6 0.0% -$7.1 0.0% -$11.1 0.0% -$16.4 0.0% 
Pasco -$0.7 0.0% -$2.0 0.0% -$3.3 0.0% -$5.0 0.0% 
Pinellas -$1.0 0.0% -$2.6 0.0% -$4.5 0.0% -$7.2 0.0% 
Tampa Bay -$9.3 0.0% -$25.8 0.0% -$42.1 0.0% -$64.0 0.0% 

Source: American Climate Prospectus, 2017; TBRPC, 2021. 

Some observers have noted that since agriculture is one of Florida’s largest industries the overall 
economic impacts to agriculture are not as large as might be expected. This discrepancy is largely 
due to how TBRPC models the economy. Farm outputs are only a portion of the state’s agricultural 
industry, which is accounted for separately from food processing and manufacturing, as well as the 
‘cold chain’ movement of commodities from farm, to warehouse, and then to grocery shelves—all 
of which are incorporated into manufacturing, wholesale trade and retail statistics, respectively. 

 
3.2      Increased Mortality 
 

In the summer of 1995, more than 700 people died in Chicago due to complications from a five day 
heat wave. In 2003, a heat wave in Western Europe claimed 45,000 lives.53 In Chicago, most deaths 
occurred in low income areas with modest access to air conditioning and most victims were elderly. 
While there were many more deaths in Western Europe, there was much less air conditioning 
coverage on the continent in that period. In that case, there was neither a history of acclimatization 
nor was it easy to escape direct exposure to heat. While acclimatization, air conditioning and better 
building design are factors that are likely to moderate future heat mortalities, older adults, adults 
with chronic illnesses, children and particularly minorities and households with low incomes are 
more vulnerable to heat-related illnesses and or dying.54 Increasing equity in resilience requires a 

 

52Rising, James, Jina, Amir, Hsiang, Solomon, Kopp, Robert * Delgado, Michael (2017) Total Agriculture Climate Impact 
Distributions [Data set] Zenodo. //doi.org/10.5281/zenodo.581696 
53 Kopp, Buzan and Huber. June 6, 2015. “The Deadly Combination of Heat and Humidity.” New York Times. 
54 Climate Change Impacts in the United States: The Fourth National Climate Assessment, Summary Finding 6. 
nca2018.globalchange.gov 
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nuanced understanding of how extreme heat impacts will exacerbate existing socio-economic 
conditions, vulnerabilities and underlying health conditions.  

Combined with humidity, higher temperatures can become exceedingly uncomfortable as a “wet 
bulb” effect. Wet bulb effects can inhibit the ability of mammals to cool themselves by sweating. 
For humans, maintaining a stable body temperature of 98 degrees requires that skin temperature 
must be below 95 degrees.55 An hour of vigorous activity at a wet-bulb temperature of 92 degrees 
leads to core body temperatures of 104 degrees, which are associated with heat stroke and 
death.56  

Florida’s generally mild weather yielded an average of 6.9 days above 95 degrees between 1981 
and 2010. But between 2020-2039, that average could increase to expected 25.5 days and by 2060, 
rise to 52.1 days (and between 170 and 176 days over 90 degrees, per Table 2.1). By 2100, that 
could rise to 116 days.57 Combined with the state’s high humidity levels, wet bulb temperatures 
are likely to dramatically increase the number of deaths from heat stroke in the coming decades, 
especially among the very young and the elderly. Since Florida’s population is characterized by 
relatively high levels of 65+ residents (17 percent of the population versus 13 percent of the US 
population in 2010), Florida is at relatively higher risk on a per capita basis.58  As shown in Figure 
3.1, the American Climate Prospectus estimated likely annual deaths in Florida to be between 
1,737 and 5,083 deaths by 2059.59  

Figure 3.1:  Florida Deaths from Excess Heat 2020-2059 (American Climate Prospectus)  

 

Source: American Climate Prospectus, 2014. 

 

55 Rhodium Group. 2014. Page 25. 
56 Rhodium Group. 2014. Page 25.Citing Liang, 2011, Nielsen et al, 1997, and Bouchama and Knobel, 2002. 
57 Population weighted temperatures. Larsen, Kate. 2017. 
http://www.impactlab.org/map/#usmeas=absolute&usyear=1981-2010&gmeas=absolute&gyear=1986-2005 
58 http://edr.state.fl.us/Content/presentations/economic/FlEconomicFuture&theImpactofAging_3-17-14.pdf 
59 Rising, James, Jina, Amir, Hsiang, Solomon, Kopp, Robert, & Delgado, Michael (2017). All-Age Mortality Climate 
Impact Distributions [Data set] Zenodo. Doi.org/10.5281/zenodo.581699 
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Because mortality rates vary by a person’s age, TBPRC modeled the estimated loss of life in the 
population by age groups, in this case, by five-year age cohorts for each of its six counties and the 
rest of Florida. The analysis was conducted in REMI PI+ across the forecast period using the 
parameters for number of high temperature days and mortality rates identified in the Climate 
Prospectus.  

Since the underlying models that TBRPC uses are different from that of the team that produced 
the ACP the results from the Council’s analysis are somewhat different from the Prospectus’ but 
close to the medium estimate of the likely range (5,083), as shown in Table 3.4 below.  

Table 3.4 Estimated Annual Heat-Related Deaths 

Region 2020 
Population 

2030 2040 2050 2060 

Citrus 152,289 8 11 19 28 
Hernando 196,897 10 15 26 39 

Hillsborough 1,483,291 79 105 175 257 
Manatee 418,109 48 84 172 343 

Pasco 565,359 36 55 95 144 
Pinellas 995,078 61 84 152 248 

Tampa Bay 3,811,023 242 354 639 1,059 
Florida 21,917,991 1,411 2,009 3,446 5,339 

Source: TBRPC, 2021; American Climate Prospectus, 2014. 

Premature deaths impact the economy, mostly through the loss of personal consumption but also 
because of the indirect effects associated with less spending in the economy, with some jobs and 
population leaving Florida because conditions within the state may seem to deteriorate. Table 3.5 
projects the annual mortality driven losses to the economy, primarily due to premature deaths and 
out-migration. 

Table 3.5 Annual Mortality Impacts on the Baseline Gross Regional Product Forecast  

Millions 2018 $ 2030 2040 2050 2060 
Region 2030 $ 2030 (%) 2040 $ 2040 (%) 2050 $ 2050 (%) 2060 $ 2060 (%) 
Citrus -$1.3 -0.1% -$2.7 -0.2% -$4.9 -0.3% -$8.4 -0.4% 
Hernando -$1.4 -0.2% -$3.0 -0.2% -$5.7 -0.3% -$9.9 -0.5% 
Hillsborough -$20.6 -0.2% -$35.9 -0.3% -$67.2 -0.4% -$112.1 -0.5% 
Manatee -$6.5 -0.2% -$13.4 -0.3% -$26.3 -0.5% -$49.7 -0.6% 
Pasco -$4.9 -0.2% -$9.8 -0.3% -$18.8 -0.4% -$31.8 -0.5% 
Pinellas -$13.0 -0.2% -$23.7 -0.3% -$46.3 -0.4% -$82.5 -0.6% 
Tampa Bay -$47.8 0.0% -$88.6 0.0% -$169.1 0.0% -$294.4 -0.1% 

Source: American Climate Prospectus, 2017; TBRPC, 2021. 

In addition to excess deaths, increased heat stress and the economic consequences of heat 
mortality may induce people to leave the state. Under these assumptions, Florida’s population 
growth slows, as does economic migration. Table 3.6 shows the model results for loss of population 
and labor force for the Tampa Bay region and Florida due to heat mortality. 

 

 



 

20 
 

Table 3.6 Migration Change in Population and Labor Force due to Excess Mortality  

Region 2020 2030 2040 2050 2060 
Tampa Bay Baseline Population 3,838,000 4,513,000 4,993,000 5,283,000 5,491,000 
Tampa Bay Population Change 0 -2,000 -4,000 -6,000 -10,000 

Tampa Bay Labor Force Change 0 -1,000 -1,000 -2,000 -3,000 
Florida Baseline Population 22,099,000 25,513,000 27,648,000 28,445,000 28,776,000 
Florida Population Change -1,000 -11,000 -20,000 -31,000 -46,000 

Florida Labor Force Change 0 -3,000 -6,000 -10,000 -16,000 
Source: TBRPC, 2021. 
 

As REMI PI+ results in Table 3.6 imply, even though outmigration from the region by 2060 (10,000 
individuals per year) and a 46,000 individuals loss statewide, is relatively low, a slower growth 
pattern for Florida is likely to slow the overall economy as it is a construction and services focused 
business environment. 

3.3      Decreased Labor Productivity and Tourism 
 

In addition to mortality and morbidity impacts, heat stress affects labor productivity in certain 
occupations that typically expose workers to extended periods of time to outdoor conditions. Farm, 
utility and construction workers are obvious examples of this kind of exposure. But many logistics 
related jobs, such as those working in terminals or loading docks, face heightened exposure to heat 
and even many types of manufacturing will expose workers to heat stress in production. In one 
study of automobile manufacturers, Cachon (2012) found that a week with 6 days or more over 90 
degrees reduces output that week by 8 percent.60 Another study, Graff Zivin and Neidell (2013), 
found that days with temperatures above 100 degrees led to 23 percent lower labor supply than 
temperatures between 77-80 degrees.61  

Employers face several choices in adapting to climate change. One potential solution is to 
substitute automation for less productive labor. Another choice is to accommodate the increase in 
temperatures by increasing investment in long-run adaptive capital, such as air conditioning. Since 
heat stress may also effect equipment and products, increased air conditioning may be necessary 
regardless of the automatability of the business. Another factor influencing employers decisions is 
that increased heat mortality in Florida may diminish economic migration into the state, shrinking 
the available labor force. 

Labor productivity effects will also be affected by business decisions balancing output gains against 
the total cost of investment in air conditioning and other measures.62 Since this section of the study 

 

60 Cachon, G. P., Gallino, S., & Olivares, M. (2012). Severe weather and automobile assembly productivity. Research 
Paper No. 12/37. Columbia Business School. 
61 Graff-Zivin, Joshua and Matthew Neiddel. April 2013. “Environment, Health and Human Capital.” NBER Working 
Paper No. 18935 
62 Park, Jisung. 2017. “Will We Adapt? Labor Productivity and Adaptation to Climate Change.” April 3. Harvard 
Environmental Economics Program. May 2017, Discussion Paper 17-73. 
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is focused on the economic costs of climate impacts and not on policy measures, TBRPC did model 
some capital substitution (automation) for labor, using measures adjusting for factor productivity 
in the PI+ model for industries where the work force is exposed to high temperatures. 

TBRPC first classified the state’s major industry sectors by low to high risk for loss of labor 
productivity. Table 3.7 shows those assumptions. Assumptions backed by empirical evidence are 
footnoted, other industries are allocated to either category by staff’s subjective judgement. When 
there was uncertainty about which category to assign an industry, TBRPC elected to put those 
industries in the low risk category, which were not modeled. All high risk industries were modeled 
using ACP county level estimates of future labor productivity losses.63 

Table 3.7 Low Risk versus High Risk Excess Heat Exposure Industries 

 

Sources: See footnotes, if not cited, TBRPC, 2021. *Many sources refer to agriculture as Florida’s second largest 
industry, which is not the case in this table. The difference is that those sources often include food processing and 
shipment, which are classified as manufacturing and wholesale, respectively, in the REMI model. 

 

63 Rising, James, Jina, Amir, Hsiang, Solomon, Kopp, Robert, & Delgado, Michael (2017). Labor Productivity Climate 
Impact Distributions [Data set] Zenodo doi.org/10.5281/zenodo.581698 
64 Cachon, G. P., Gallino, S., & Olivares, M. (2012). Severe weather and automobile assembly productivity. Research 
Paper No. 12/37. New York: Columbia Business School 
65 www.osha.gov/SLTC/heatstress/ 
66 www.cdc.gov/mmwr/preview/mmwrhtml/mm5724a1.htm 
 

Major Sector 
Sector Output as 
Percent of Florida 

GSP in 2020 

Sector Output as 
Percent of Tampa 
Bay GRP in 2020 

Low Risk (not 
modeled) 

High Risk (-1.4% to -1.8% by 
2060) to productivity 

Natural 
Resources 0.3% 0.1%  Logging, Mining, Fisheries 

Construction 5.6% 4.9%  All Sectors 

Manufacturing 8.3% 12.1% 
Electronics 

manufacturing, 
Biotechnology 

Apparel, Furniture, Motor 
vehicles64, Food Processing, 
Leather, Plastics, Fabricated 
Metals, Machinery, Chemical 

and Paper products, Concrete65 
Retail and 
Wholesale 14.1% 13.9% Retail Wholesale, warehousing 

Transportation 
and Public 

Utilities 
5.4% 4.4%  

Goods movement, passenger 
and sightseeing; Power 

generation and distribution, 
maintenance and repair 

Finance, 
Insurance & 
Real Estate 

19.6% 21.3% 
Finance, Real 

Estate, Insurance, 
Information 

 

Services 35.4% 34.6% 
Hospitals, clinics, 
professional and 
technical services 

Accommodation, landscaping, 
food and beverage 

Government 10.3% 8.6% Administration Public works and public safety 

Farm* 0.9% 0.3%  Crop production66 Support 
Activities 
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In order to model the American Climate Prospectus’ data for changes to labor productivity in 
Florida due to excess heat, TBRPC fitted the county and state level data to REMI PI+’s annual and 
relatively detailed industry input tables for the high risk industries identified in the table. Changes 
to the size of the labor force due to excess heat under the mortality section were included in the 
labor productivity analysis, if there were impacts to average wages or total Gross Region Product. 

Moreover, increases in daily temperatures, especially during summer, are likely to impact visitor 
spending in the Tampa Bay region. While there are existing estimates in the peer reviewed 
literature on impacts to accommodation and food service labor force productivity, TBRPC could 
not find any work on impacts to visitor demand for regional goods and services. As such, TBRPC 
also modeled a decline in visitor spending in the Tampa Bay region at the same rate as the loss of 
labor productivity used for accommodation and food service labor as an estimate of the impact. 

The results are shown in Table 3.8. 

Table 3.8 Labor Productivity Impacts on the Baseline Gross Regional Product Forecast  

Millions 2018 $ 2030 2040 2050 2060 
Region 2030 $ 2030 (%) 2040 $ 2040 (%) 2050 $ 2050 (%) 2060 $ 2060 (%) 
Citrus -$6 -0.1% -$11 -0.2% -$18 -0.2% -$27 -0.3% 
Hernando -$7 -0.1% -$16 -0.2% -$27 -0.3% -$41 -0.4% 
Hillsborough -$174 -0.1% -$349 -0.2% -$610 -0.3% -$948 -0.5% 
Manatee -$30 -0.1% -$61 -0.2% -$103 -0.4% -$152 -0.4% 
Pasco -$25 -0.1% -$54 -0.2% -$94 -0.3% -$142 -0.4% 
Pinellas -$108 -0.2% -$215 -0.3% -$384 -0.4% -$605 -0.5% 
Tampa Bay -$351 -0.1% -$707 -0.2% -$1,235 -0.4% -$1,915 -0.5% 

Source: American Climate Prospectus, 2017; TBRPC, 2021. Percentages are percent change from baseline forecast. 

3.4      Increased Energy Expenditures 
 

Higher daily temperatures are likely to induce households and businesses to widen the annual 
window for air conditioning, using it for longer periods each day and for more days each year. For 
many businesses, higher daily temperatures will require increased capital investment in climate 
control systems and increased spending in other electricity based inputs, depending on the need 
to accommodate customers, labor, and equipment.  

Higher temperatures are also likely to shift behavior patterns, driving some outdoor activities 
indoors and inducing more year-round use of air-conditioning. Increased automation to replace 
less productive labor will also drive new sources of demand for electricity. For the purposes of 
understanding the unmitigated high-emissions related costs of the High Emissions scenario, TBRPC 
did not make any assumptions of a shift to renewable energy sources or significant changes to 
energy saving practices. Instead, consumer costs increase as capacity must be added. 

Shifting temperature patterns may create new challenges in for power providers in delivering 
electricity to consumers, with higher cooling demand in summer and slackened heating demand in 
winter. For some utilities, such as potable water, the cost of water treatment and desalination will 
increase, driving additional household costs due to likely increased demand for desalination in the 
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Tampa Bay region. Overall impacts could increase electricity consumption by 2.8 percent and daily 
peak demand by 3.8 percent. On the supply side, the generation of power may be adversely 
affected by the water supply and temperature for generators, especially for facilities using once-
through cooling.67 The net result of increased demand and decreased output is higher costs per 
dollar of economic output. According to the Risky Business study, over the next forty years, total 
annual energy spending will increase by $4.3 billion over baseline demand in Florida.68  

TBRPC modeled the economic impacts of increased household electricity consumption, increased 
fuel costs for industrial and commercial users by allocating $4.3 billion in demand among 
households, commercial and industrial users, proportionate to each sector’s current share of 
demand.69 As fuel is an input for commercial and industrial users, the non-household share of 
energy demand was converted into a percentage increase in the cost of fuel.  

Of course, utility providers will earn more in increased sales due to the need to build more capacity 
and, consequently, to hire more employees to staff that capacity. As such, increased utility sales 
impacts will yield some counterbalancing benefits to the costs borne by households and industry. 

TBRPC also modeled the impact of an increase in sales of electrical transmission and distribution 
equipment as utilities expand operations to meet additional demand. Because utility infrastructure 
development is capital intensive and pays high wages, the economic impacts of expanded capacity 
softened the economic blow of greater production costs for industry and higher household 
spending in aggregate. Table 3.9 combines impacts of higher costs to consumers and businesses as 
well as new investment in electric transmission and generation. 

Table 3.9 Energy Sector Impacts on the Baseline Gross Regional Product Forecast  

Millions 2018 $ 2030 2040 2050 2060 
Region 2030 $ 2030 (%) 2040 $ 2040 (%) 2050 $ 2050 (%) 2060 $ 2060 (%) 
Citrus -$11.2 -0.2% -$65.5 -0.9% -$66.2 -0.8% -$36.0 -0.4% 
Hernando -$4.4 -0.1% -$10.2 -0.1% -$14.9 -0.2% -$15.8 -0.1% 
Hillsborough -$83.1 -0.1% -$166.7 -0.1% -$216.3 -0.1% -$114.3 -0.1% 
Manatee -$27.1 -0.1% -$56.1 -0.2% -$77.0 -0.3% -$65.2 -0.2% 
Pasco -$18.5 -0.1% -$39.2 -0.2% -$54.0 -0.2% -$39.3 -0.1% 
Pinellas -$45.1 -0.1% -$94.2 -0.1% -$142.1 -0.1% -$141.9 -0.1% 
Tampa Bay -$189.6 -0.1% -$431.9 -0.1% -$570.5 -0.2% -$412.7 -0.1% 

Source: American Climate Prospectus, 2017; TBRPC, 2021. 

 

67 Fonseca, Francisco et al. (Forthcoming). “Effects of Climate Change on Capacity Expansion Decisions of an 
Electricity Generation Fleet in the Southeast U.S.” Environmental Science & Technology. DOI: 10.1021.acs.est.0c6547 
68 Kinniburgh, Fiona (2015). COME HEAT AND HIGH WATER: Climate Risk in the Southeastern U.S. and Texas 
riskybusiness.org/site/assets/uploads/2015/09/Climate-Risk-in-Southeast-and-Texas.pdf 
69 Detailed State Data (eia.gov). EIA-861. TBRPC used total customers by sector and proportioned dollars to counties 
weighted by proportionate share of residents and employees of each sector in each county. See also, Electric Sales, 
Revenue, and Average Price - Energy Information Administration (eia.gov)  Mohan, Shashank, Delgado, Michael, & 
Houser, Trevor. 2020. Climate-driven changes in electricity demand and energy expenditures [Data set] Zenodo 
//doi.org/10.5281/zenodo.3676110 
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3.5      Summary of Socioeconomic Economic Impacts 
 

TBRPC summarized all of the foregoing direct socioeconomic impacts (mortality, farm output, labor 
productivity, and the energy sector) in Table 3.12.  

Table 3.12 Direct Climate Impacts on the Baseline Gross Regional Product Forecast  

Millions 2018 $ 2030 2040 2050 2060 
Region 2030 $ 2030 (%) 2040 $ 2040 (%) 2050 $ 2050 (%) 2060 $ 2060 (%) 
Citrus -$18.4 -0.3% -$80.1 -1.2% -$90.5 -1.1% -$72.8 -0.8% 
Hernando -$13.5 -0.2% -$29.5 -0.4% -$48.8 -0.5% -$68.5 -0.6% 
Hillsborough -$282.7 -0.2% -$564.6 -0.4% -$914.0 -0.5% -$1,205.4 -0.6% 
Manatee -$66.4 -0.3% -$137.8 -0.5% -$216.8 -0.7% -$282.4 -0.8% 
Pasco -$49.4 -0.3% -$105.0 -0.4% -$170.0 -0.6% -$217.9 -0.6% 
Pinellas -$166.5 -0.2% -$335.0 -0.4% -$575.9 -0.6% -$835.8 -0.7% 
Tampa Bay -$596.9 -0.2% -$1,251.9 -0.4% -$2,016.0 -0.6% -$2,682.6 -0.6% 

Source: American Climate Prospectus, 2017; TBRPC, 2021. 
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4. The Fiscal Bottom Line  
In this section, TBRPC addresses several indirect impacts of climate change, including: 

 Estimating Local Tax Revenue Impacts 
 Impacts on Public Infrastructure 
 Infrastructure Finance 

Not all of these indirect effects are modeled in REMI Pi+.  That is because there is not enough data 
for some costs, such as stormwater and sewerage impacts, and or because there is not enough 
locally specific or data available for all counties for TBRPC to consider.  

4.1      Estimating Local Tax Revenue Impacts 
 
Local tax revenue comes from a variety of sources but in this section, TBRPC focuses on the local 
sales tax. Since sales taxes are derived from sales, TBRPC calculates the change in local sales tax 
generated by changes to personal consumption as forecasted in the REMI PI+ model and multiplied 
by the sales tax rate for local option, tourism development tax, voted and non-voted optional gas 
tax, and additional local option gas tax.70 Changes to all of these taxes are based on proportional 
changes in personal consumption, as opposed to changes to actual gasoline sales for the various 
gas taxes, which is not feasible to obtain for the model. 

That changed rate is compared to the baseline forecasts level of output for each county, deriving 
the sales tax revenue in the same way for the baseline, and presenting the differences in each 
forecast year. Table 4.6 summarizes potential sales tax losses in each county in each decade. Since 
REMI does not include a baseline forecast of sales tax revenue, each of the percentages in Table 
4.7 is the percentage change the revenue impact in dollars against the Florida Department of 
Revenue’s FY2019 data as a base year.  

 

 

 

 

 

 

 

 

 

70 The state sales tax was not modeled as allocations to local governments are based on a per capita formula. 
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Table 4.7 Local Sales Tax Revenue Impacts Relative to 2020 Baseline   

(2018 $ Thousands) 2030 2040 2050 2060 

County 2020 $ % $ % $ % $ % 

Citrus $6,200  -$12 -0.2% -$30 -0.5% -$42 -0.7% -$46 -0.7% 

Hernando $13,100  -$23 -0.2% -$42 -0.3% -$60 -0.5% -$73 -0.6% 

Hillsboro. $435,000  -$987 -0.2% -$1,666 -0.4% -$2,310 -0.5% -$2,693 -0.6% 

Manatee $60,800  -$156 -0.3% -$285 -0.5% -$413 -0.7% -$525 -0.9% 

Pasco $58,200  -$122 -0.2% -$218 -0.4% -$313 -0.5% -$382 -0.7% 

Pinellas $157,700  -$1,300 -0.8% -$2,241 -1.4% -$3,139 -2.0% -$3,719 -2.4% 

Tampa 
Bay $731,000  -$2,600 -0.4% -$4,482 -0.6% -$6,277 -0.9% -$7,439 -1.0% 

Source: Florida Department of Revenue, Local Tax Receipts, 2020. TBRPC REMI PI+ v 2.4.1, 2021. 

4.2      Impacts on Public Infrastructure 
 

Climate change is likely to influence many areas of public agency operations. Heat may adversely 
affect labor productivity in public safety, landscaping, waste and public works management. Future 
growth in average temperatures and sea level rise will also affect the costs of infrastructure.  While 
many kinds of public, and privately owned, infrastructure may be influenced by climate change, 
this section focuses on just three primary infrastructure systems: roads, sewerage, and potable 
water costs. 

Roads and Pavement 

Climate change impacts the physical integrity of roads through extreme heat, flooding and 
subsidence.  Most road infrastructure in the United States is built with a temperature range design 
suited to local climate conditions, using the Superpave Performance Grading system.  Superpave 
establishes performance criteria based on average temperatures and a mix of materials that 
support those criteria. Generally, it has long been the practice to assume that climate conditions 
are stationary and that pavement design may differ by location but not over time. Currently, design 
guides use climate data from 1964-1995 to select materials.71  

As Underwood, Guido, and Gudipudi (2017) show, a third of sampled areas around the US already 
present different climatic conditions than the prevailing design temperature range, incurring 
unnecessary costs for conditions that do not apply any more. While most of those differences 
pertain to low temperature grades, high temperature grade deviations are the most concerning. 

 

71 Underwood, B., Guido, Z., Gudipudi, P. et al. “Increased costs to US pavement infrastructure from future 
temperature rise.” Nature Climate Change 7, 704–707 (2017). 
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High temperature deviations lead pavement to degrade faster, require more maintenance and 
more frequent reconstruction.72 

Depending on the severity of future heat increases, pavements designed to last 20 years will 
require rehabilitation after 16-17 years, if the pavement grade is wrong by one 6-degree Celsius 
increment, and after 14-16 years, if by two increments. In Florida, rehabilitation costs were $840 
million in 2010, growing to $1.08 billion by 2040 and the same by 2070. Proportionately speaking, 
in terms of road mileage, for the Tampa Bay Area, that would be $139 million in 2010 and $153.4 
million in 2040 and in 2070.73  

Potable Water 

Potable water in the Tampa Bay Area is supported by surface water, groundwater and desalination, 
in addition to reservoir assets to smooth the supply of water during the dry season. Climate-driven 
intense rain and saltwater intrusion into the groundwater table, however, threaten potable water 
in the Tampa Bay Area in direct and indirect ways. For example, warmer water can also stimulate 
algal abundance which is a regulatory criterion for water quality. If water providers exceed 
regulatory thresholds more frequently as a result of higher water temperatures, the response will 
be to further reduce nutrient loads to surface waterbodies—which means more money will be 
spent on stormwater and wastewater infrastructure. 

A second impact comes from more intense rain concentrated in a shorter period. With more 
stormwater and consequently less groundwater water recharge due to excess runoff, the 
desalination plant may need to run year-round, instead of an annual average of 237 days, 
depending upon reservoir supply.74  

Desalinated water is about four times the expense to withdraw and treat over surface water and 
supplementing existing sources will increase household expenditures on water. Due to the higher 
energy demands of desalination (55.1 megajoules per cubic meter) compared to surface water 
withdrawals (5.1 MJ per cubic meter) total electricity generation in the state will increase by 0.2 
percent.75 In other words, more intense rainfall means less groundwater which means more 
desalination and therefore more energy consumption and higher costs.  

Sewer 

Both sea level rise and intense rain during storms are threats to the sewerage system. Sea level 
rise may submerge sewerage outfalls and rain may cause sanitary sewer overflows. Meyers, 

 

72 Underwood, 2017. 
73 https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/statistics/mileage-
rpts/ccmrsep2019.pdf?sfvrsn=81518481_2  
74 Morelli. May 1, 2016. 
75 Weiwei Mo, Ranran Wang, and Julie B. Zimmerman, 2014. Energy−Water Nexus Analysis of Enhanced Water Supply 
Scenarios: A Regional Comparison of Tampa Bay, Florida, and San Diego, California. Environ. Sci. Technol. 48, 
5883−5891 
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Landry, Beck and Luther (2021) found that sea level rise has already increased the frequency of 
sanitary sewer overflows in Pinellas County and that future overflow events are likely to double 
every 0.1 meter of sea level rise.76  At present, TBRPC does not have data on the costs of addressing 
these problems. However, a study in progress through under the auspices of the Tampa Bay 
Partnership will address many of these issues once their report is released in Fall 2021. 

 
4.3      Infrastructure Finance  
 

Climate change is causing shifts in decisions about public finance and insurance. Initiatives like the 
ClimateWise principles, set out accountability for climate change actions for financial reporting,  
Those reports are used in the marketplace to direct green infrastructure bond purchases. Insurance 
is also changing, as the National Flood Insurance Program faces growing challenges to solvency due 
to a sharp increase in the number and value of repeat flooded properties.  

Infrastructure Finance 

According to the Municipal Securities Rulemaking Board, about two-thirds of all infrastructure 
projects rely on municipal bond financing.77  Without the “muni market,” local governments could 
not finance capital projects. While some bond rating agencies have begun to evaluate climate risks 
and to rate agencies on their climate sustainability, municipal bonds will not become less expensive 
for local governments facing heightened and un-mitigated climate risks. Even as some bond issues 
do not have specific climate related criteria, such as Grant Anticipation Revenue Vehicles 
(GARVEEs) for federal highway funded projects, the requirement to pledge state tax revenue to 
pay off bondholders will raise questions about public liquidity. 

Moreover, it is likely that the cost of borrowing will increase just as the costs of mitigation and 
adaptation begin to sharply increase. Because “munis” fall into either General Obligation or 
Revenue categories, future risks to investors and their willingness to buy those bonds will depend 
upon their perceived ability to recoup their investment based on general revenue or enterprise 
revenues, respectively.78 It may be the case that a potential fiscal crunch between declining 
revenues and increasing maintenance and operations costs will make financing municipal debt 
more difficult. 

. 

 

 

76 Meyers, Steven, Shawn Landry , Marcus W. Beck, and Mark Luther. 2021. Using logistic regression to model the risk 
of sewer overflows triggered by compound flooding with application to sea level rise. Urban Climate, 35. January. 
doi.org/10.1016/j.uclim.2020.100752 
77 http://www.msrb.org/msrb1/pdfs/MSRB-Muni-Facts.pdf 
78 http://www.msrb.org/msrb1/pdfs/MSRB-Muni-Facts.pdf 
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4.4      The Bill for Doing Nothing 
 

In this section, all direct and indirect impacts are modeled together, summarizing all of the direct 
economic costs (farm, mortality, energy costs, labor productivity). Because each type of impact has 
interaction effects among the different variables TBRPC analyzed in this study, the results may not 
neatly sum up for previous tables. In this section, there are three tables, total loss of Gross Regional 
Product, Loss of Job-Years (a job a year), and loss of Personal Income.  

Table 4.11 Total Impacts on the Baseline Gross Regional Product Forecast  

Millions $ 2018 2030 2040 2050 2060 
Region 2030 $ 2030 (%) 2040 $ 2040 (%) 2050 $ 2050 (%) 2060 $ 2060 (%) 
Citrus -$18.4 -0.3% -$80.1 -1.2% -$90.5 -1.1% -$72.8 -0.8% 
Hernando -$13.5 -0.2% -$29.5 -0.4% -$48.8 -0.5% -$68.5 -0.6% 
Hillsborough -$282.7 -0.2% -$564.6 -0.4% -$914.0 -0.5% -$1,205.4 -0.6% 
Manatee -$66.4 -0.3% -$137.8 -0.5% -$216.8 -0.7% -$282.4 -0.8% 
Pasco -$49.4 -0.3% -$105.0 -0.4% -$170.0 -0.6% -$217.9 -0.6% 
Pinellas -$166.5 -0.2% -$335.0 -0.4% -$575.9 -0.6% -$835.8 -0.7% 
Tampa Bay -$596.9 -0.2% -$1,251.9 -0.4% -$2,016.0 -0.6% -$2,682.6 -0.6% 

Source: American Climate Prospectus, 2017; TBRPC, 2021. 

While Citrus and Manatee may see the largest percent decreases in the total value of goods and 
services produced in their counties, job losses throughout the region are nearly identical (about a 
half of a percent annual impact below baseline by 2060).  

Table 4.12 Total Impacts on Job Loss from Baseline Forecast 

Job-Years 2030 2040 2050 2060 
Region 2030  2030 (%) 2040  2040 (%) 2050  2050 (%) 2060  2060 (%) 
Citrus -89 -0.2% -311 -0.6% -313 -0.5% -207 -0.3% 
Hernando -70 -0.1% -143 -0.2% -201 -0.2% -214 -0.2% 
Hillsborough -1479 -0.2% -2531 -0.2% -3407 -0.3% -3485 -0.3% 
Manatee -363 -0.2% -651 -0.3% -875 -0.4% -977 -0.4% 
Pasco -299 -0.1% -569 -0.3% -796 -0.3% -795 -0.3% 
Pinellas -1048 -0.2% -1803 -0.3% -2595 -0.4% -3099 -0.4% 
Tampa Bay -3347 -0.2% -6007 -0.3% -8187 -0.3% -8779 -0.4% 

Source: American Climate Prospectus, 2017; TBRPC, 2021. 

With the loss of jobs, overall personal income also drops through the forecast period. Relative to 
other counties in the Tampa Bay Region, total personal income losses are moderate, because most 
of the lost jobs are low to moderately low wage jobs. 
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Table 4.13 Total Impacts on Personal Income on Baseline Personal Income Forecast 

Millions $ 2018 2030 2040 2050 2060 
Region 2030 $ 2030 (%) 2040 $ 2040 (%) 2050 $ 2050 (%) 2060 $ 2060 (%) 
Citrus -$17.8 -0.2% -$52.5 -0.5% -$87.6 -0.7% -$120.8 -0.8% 
Hernando -$21.1 -0.2% -$50.3 -0.4% -$91.5 -0.5% -$142.2 -0.6% 
Hillsborough -$243.8 -0.2% -$505.8 -0.4% -$858.6 -0.6% -$1,226.0 -0.7% 
Manatee -$81.4 -0.3% -$187.2 -0.5% -$332.2 -0.7% -$514.9 -0.9% 
Pasco -$77.8 -0.2% -$182.5 -0.4% -$334.8 -0.6% -$511.7 -0.7% 
Pinellas -$171.2 -0.2% -$358.0 -0.4% -$641.0 -0.6% -$996.8 -0.7% 
Tampa Bay -$613.2 -0.2% -$1,336.2 -0.4% -$2,345.6 -0.6% -$3,512.4 -0.7% 

Source: American Climate Prospectus, 2017; TBRPC, 2021. 
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5. Discussion and Future Directions 
Taking Stock provides an overview of potential economic impacts to the Tampa Bay Area under a 
high emissions scenario. TBRPC’s forecast suggest that over time, the economic impacts of climate 
driven heat will grow each year, reaching less than one percent of all personal income in the Tampa Bay 
Area, each year. While this estimate implies that the annual impacts of climate driven economic losses 
are small, the actual effects of climate change are likely to range over many more issues than are 
covered in this report and may be more volatile and more impactful than an economic model that 
anticipates a continuing pattern of adjustment to adverse conditions can anticipate. 

The report’s findings of an accumulated loss of Gross Regional Product of 0.6 percent by 2060 is 
comparable to the Congressional Budget Office’s findings of an accumulated loss across the United 
States of one percent by 2050.79  However, Taking Stock has significant limitations, with a limited 
scope of potential economic drivers, and limited information about the interaction effects of the 
various factors discussed in this report.  

In Table 5.1, TBRPC compares each factor’s (farm output, mortality, labor productivity, and energy 
costs) relative impact on Gross Regional Product in terms of percentage impact of each factor on 
each county 2060 baseline. Table 5.1 shows how each factor contributed to the loss of 2060 Gross 
Regional Product. 

 Table 5.1 Total Impacts on Baseline Gross Regional Product by Factor 

 Percentage Distribution of Impacts on Baseline 
Region 2060 Losses (Mil  2018 $) Farm Mortality Labor Energy 
Citrus -$72.8 2.2% 11.5% 37.1% 49.5% 
Hernando -$68.5 2.9% 14.5% 59.9% 23.1% 
Hillsborough -$1,205.4 2.6% 9.3% 78.6% 9.5% 
Manatee -$282.4 5.8% 17.6% 53.8% 23.1% 
Pasco -$217.9 2.3% 14.6% 65.2% 18.0% 
Pinellas -$835.8 0.9% 9.9% 72.4% 17.0% 
Tampa Bay -$2,682.6 2.4% 11.0% 71.4% 15.4% 

Source: TBRPC, 2021. 

Across the Tampa Bay region as a whole, the two most impactful factors on Gross Regional Product 
are labor productivity losses for employers and increased energy costs for both industry and 
personal consumption. However, at the county level, impacts vary by their level of influence.  

Energy impacts in Hillsborough County are relatively small because those passed-on costs from 
increased demand pay for utility infrastructure investment and create jobs. In Citrus County, the 
largest impact is in energy costs, largely because the labor force is relatively small and most costs 
accrue to households who have to spend more on electricity.  

TBRPC’s conclusion is that heat driven impacts substantially effect the regional economy, even 
though the overall annual magnitude of impact is relatively small.  While sea level rise directly 

 

79 Hernstadt, Evan, and Dinan, Terry. 2019. “CBO’s Projection of the Effect of Climate Change on U.S. Economic 
Output.” www.cbo.gov/system/files/2020-09/56505-Climate-Change.pdf. Working Paper 2020-06 
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impacts property values and exerts influence on the rest of the economy though its impacts on the 
total capital stock, land uses and property markets, heat impacts the economy primarily through 
losses in labor productivity and energy costs. How all of these factors impact tourism to the region 
were not considered in the report. 

For policymakers, heat impacts are not always as amenable to public action as sea level rise 
impacts—it may not be feasible to mitigate heat impacts in the coming decades but it is still relevant 
to the public as the private sector adjusts to changes to energy costs and labor productivity, 
meaning that there will be consequences for the broader public—less reliance on labor means 
more investment must be made in retraining the workforce, rising energy costs may have 
implications for power grid planning, energy efficiency in the built environment, and the mix of 
renewables in the state energy portfolio, among many potential considerations. Florida’s long-term 
economic competitiveness may be dependent upon industry’s energy efficiency. Heat also impacts 
public decision making and the public bottom line, through impacts to public safety and public 
works personnel, to pavements, the transportation network, stormwater and other utility 
functions.  

Even with this report’s broad scope, there are many issues that are related to climate change—in 
part or in whole—that are not considered. Public health care costs, disproportionately large 
impacts of climate change on low-income people, the potential collapse of fisheries, the full 
spectrum of extreme weather impacts, global trade patterns and political trends are not considered 
in this report. While TBRPC is currently addressing many of the issues related to low-income 
housing through the REACH project, several of these issues can be addressed in the future by the 
Council and its partners throughout the state. 

One very important perspective, the benefits of infrastructure investments to curtail the impacts 
of climate change, is the subject of a forthcoming study by the Tampa Bay Partnership. Together 
with Taking Stock, the region’s public can have a clearer perspective on the costs and benefits of 
adaptation to climate change in general. 
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6. Methodology 
About REMI PI+  

REMI PI+ is an economic modeling tool that supports economic and demographic analysis of many 
different policy issues. In this case, TBRPC used REMI PI+ to simulate the economic impacts of an 
equity dividend across several areas of racial wealth inequality in the Tampa Bay area. The REMI 
model builds upon decades of research and various data sources, econometric models and an 
input-output model that tracks the flow of spending through the economy from consumer or 
producer spending to all other sectors of the economy. 

REMI PI+ Model Structure 

 Figure 1 depicts the 
interactions within the 
REMI model among five 
economic “blocks.” 

Imagine a factory (the 
Output block) that sells to 
all the sectors of final 
demand as well as to other 
industries. The Labor and 
Capital Demand block 
shows how labor and 
capital requirements 
depend both on output 
and their relative costs. 
Population and Labor 
Supply are shown as 
contributing to demand 
and to wage    
determination in the product and labor market. The feedback from this market shows that 
economic migrants respond to labor market conditions. Demand and supply interact in the Wage, 
Price and Profit block. Once prices and profits are established, they determine market shares, 
which along with components of demand, determine output. 

The REMI model brings together all of the above elements to determine the value of each of the 
variables in the model for each year in the baseline forecasts. The model includes all the inter-
industry relationships that are in an input-output model in the Output block, but goes well beyond 
the input-output model by including the relationships in all of the other blocks shown in figure 5.1.  

 

 

 
Figure 5.1 The REMI Model 
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Table 5.2 Unified American Climate Prospectus and REMI PI+ Methodology 

Climate Impact Modeling Approach 

Decreased Farm Output 

Saltwater intrusion, withered crops 

No county level data in American Climate Prospectus (ACP), TBRPC used Florida-
wide ACP estimates for overall loss in farm output. Modeled using Farm Output: 
Share: Percent. 

Increased Mortality 

Heat stress exceeds body’s ability to 
self-regulate temperature. 

Using mortality tables by age cohort in ACP to model deaths by age by year in 
PI+. Shock to Survival Rate; share of survivors for each county in each year. 

Decreased Labor Productivity 

Heat stress can slow worker activity, 
interferes with concentration. 
Potential for illness and need for 
frequent breaks. 

TBRPC grouped all industries into 23 sectors, allocating each industry to a low 
risk and high category, based on literature review and staff judgement. Since 
most heat-exposed occupations experience annual declines in labor 
productivity, they were classified as high risk. Only the high risk category was 
modeled, using the same ACP estimate for productivity losses across all high risk 
industries. 

Modeled using Labor Productivity: lagged market response: with effect on labor 
intensity. Labor intensity is appropriate when labor is expected to be less 
attractive to businesses due to their decreased productivity and not because 
they are replaced by automation.   

Increased Energy Costs 

More electricity required for cooling 
during the day over longer diurnal 
and seasonal periods. 

Risky Business forecasts $4.3 billion in additional energy costs by 2060, 
statewide. Using EIA data for Florida on sector spending, TBRPC allocated costs 
proportionately to households, commercial and industrial groups and then 
allocated cost to the entire (grouped) state. 

Demand Side: Consumer cost: electricity, for households and increase in fuel 
costs for commercial and industrial industries. Supply Side: Since some 
increased demand occurs with existing capacity, 30 % of energy expenditures 
allocated to sales: exogenous final demand: transmission and distribution. 70% 
to utility industry sales: no intermediate investment.   

Sales Tax Losses 

Modeled proportionate change in FY2019 collected revenues against Personal 
Consumption Expenditures (PCE) by County. Data derived from direct impact 
tables. 10 Year historical data regressed onto PCE is strongly correlated (adj. 
r2=.992). 

Infrastructure Costs Increase in sales and property taxes for revenue while costs are exogenous final 
demand industry sales: non-residential buildings.  
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7. Glossary 
 
Counterfactual: Contrary to fact. "what would have occurred if some observed characteristics or 
aspects of the processes under consideration were different from those prevailing at the time."80 

Employment: same as used by the U.S. Bureau of Economic Analysis, so it captures full-time, part-
time, and sole proprietors as one.  Because employment is a stock concept, the results cannot be 
aggregated over multiple years.  They should be only interpreted as the impact in the single year 
relative to base year.     

Gross Regional Product: The sum of the gross values added of all resident, institutional units 
engaged in production (plus any taxes, and minus any subsidies, on products not included in the 
value of their outputs). The term is the same as Gross Domestic Product, reduced to a regional 
context. 

Output: Gross sales. 

Personal Income: aggregate of all sources of income to households across wages, supplemental 
income, rental income, and transfer payments.   

  

 

80 Pesaran, M Hashem and Ron P Smith. 2012. “Counterfactual Analysis in Macroeconometrics: An Empirical 
Investigation into the Effects of Quantitative Easing” Bonn: Institute for the Study of Labor.  
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