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BOX  1

Climate change, extreme weather, and health
Human-caused climate change is driving an increase in 
stronger, more rapidly intensifying, slower moving, and 
wetter hurricanes. Tropical storms have higher storm 
surges and more flooding, and the areas vulnerable 
to these weather events have been shifting.3–9 Climate 
change is also increasing the frequency, length, and 
intensity of extreme heat days, leading to compound 
hurricane-heat events.10,11 A research methodology 
called “detection and attribution” allows researchers 
to determine how much of an influence climate 
change had on the severity of an extreme weather 
event.12,13 While it is too early to determine to what 
extent climate change contributed to Hurricane Laura, 
climate change has been shown to intensify other 
hurricane events through detection and attribution 
studies.14,15 These intense storms and compound 
weather events impact health in numerous ways, 
including physical injury and death, loss of essential 
services such as electricity and shelter, acute and long-
term mental health impacts, destruction of social and 
healthcare services, financial hardship, displacement, 
exacerbation of chronic diseases, and more.16,17 

Hurricane Laura deeply affected Black and low-income 
communities that were already struggling with health and 
economic devastation resulting from decades of targeted 
industrial development and from the more recent impacts 
of the COVID-19 pandemic.1,18 The hurricane hindered 
the pandemic response and exacerbated environmental 
pollution. This event highlights how the crises of climate 
change, COVID-19, and environmental injustice intersect 
to disproportionately impact communities of color and 
low-income communities, compounding health risks and 
deepening existing health inequities.

A legacy of environmental racism and pollution 
in Louisiana
Hurricane Laura’s impacts were centered in southwest 
Louisiana, around the City of Lake Charles in Calcasieu Parish, 
a region affected by high levels of racial residential segregation, 
poverty, and unemployment (see Table 1).19–21 The region has 
some of the highest levels of toxic industrial emissions in 
the country,22 stemming from the hundreds of oil, gas, and 
chemical facilities situated along the Louisiana coast, including 
a dozen new petrochemical facilities approved in the parish in 
recent years.23 

Data on racial and economic disparities in exposure to toxic air 
and water pollution show Lake Charles is among the worst cities 
in the U.S. for multiple Environmental Justice Index indicators.24 
One result of this environmental racism (see Box 2) is the 
region’s disproportionately high rates of cancer, asthma, chronic 
obstructive lung disease, premature death, low birthweight 
infants, and depression.25–27

TABLE 1.
Selected socio-demographic characteristics of Calcasieu Parish.

Race/Ethnicity
Percent of 
Parish 
Population

Percent Living 
Below Poverty 
Level

Percent 
Unemployed 

Non-Hispanic 
White 70.2% 12.1% 4.2%

Black 24.9% 29.2% 9.9%

Two or  
more races 2.3% 24% 9%

Hispanic or 
Latino 3.4% 20.5% 6.9%

Source: 2018 American Community Survey 5-year Estimates (Tables S1701, S2301, DP05)

CASE STUDY

Compounding Crises of Our Time During Hurricane Laura
Climate Change, COVID-19, and Environmental Injustice 

On August 27, 2020, Hurricane Laura hit the coast of Louisiana, one of the strongest hurricanes to ever affect the state. 
The storm caused at least 28 deaths in Louisiana1 and at least $12 billion in economic damage.2 Climate change is 
intensifying hurricanes and other extreme weather events (see Box 1).3,4
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BOX  2

Environmental racism
Environmental racism is racial discrimination in 
environmental policymaking and the enforcement 
of regulations and laws that deliberately target 
communities of color for toxic waste disposal and 
polluting industries, sanction the life-threatening 
presence of poisons and pollutants in communities of 
color, and exclude people of color from mainstream 
environmental groups, decision-making boards, 
commissions, and regulatory bodies. 

Adapted from Benjamin F. Chavis in the Foreword to “Confronting Environmental 
Racism, Voices from the Grassroots.”

COVID-19 pandemic is deepening health risks and inequities
Mirroring national patterns, COVID-19 is disproportionately 
impacting Black communities in Calcasieu Parish (see Table 2).28 
The legacy of unequal environmental risk exposure may be 
contributing to this. Early research suggests that chronic 
exposure to hazardous air pollutants, such as those from the 
petrochemical industry, may be associated with increased 
COVID-19 morbidity and mortality rates.29,30 

TABLE 2.
COVID-19 cases and deaths for Blacks and Whites in the 
Calcasieu Parish.

Race Cases per
100,000

Deaths per
100,000

Black 4680 138

White 2670 103

Source: Louisiana Department of Health, 10/14/2020

The economic collapse caused by the pandemic is further 
exacerbating factors that harm health and create inequity. 
Louisiana lost over 200,000 jobs — an 11% drop — in the early 
months of the pandemic, and the unemployment rate rose 
to 13% — its highest since the mid-1980s.31 Calcasieu Parish 
suffered one of the highest levels of COVID-19-related job 
losses in Louisiana, due in part to its reliance on the gambling 
and gaming industry, which predominantly employs people 
of color.32,33 The parish also has a high level of households at 

risk of eviction due to severely high rent burden and COVID-
related job losses.32 Food insecurity in the parish is expected 
to increase to nearly 20% this year as a result of the pandemic 
(see the Case Study).34

Hurricane Laura and its immediate aftermath
Heavy winds, storm surge, and inland flooding led to 
catastrophic impacts, destroying houses and infrastructure, 
disrupting water systems, necessitating a near total rebuild of 
the electric grid, and severely damaging nearly all of Calcasieu 
Parish’s school buildings.35–37 Hundreds of thousands of 
residents were left without power or access to safe drinking 
water. Three weeks after the hurricane, mandatory evacuation 
orders remained in place, half of all residents remained 
without electricity, and the majority remained under a boil 
water advisory.38,39 The lack of electricity was deadly – nine 
people in Louisiana died from carbon monoxide poisoning 
associated with generator use.40 Essential social infrastructure 
also suffered, as the parish’s public schools remained closed 
for weeks following Laura, senior living centers and low-
income housing units were unable to provide adequate 
services for residents, and many people were threatened with 
eviction as a result of storm damage to their rental housing.41 

Healthcare services, already stressed by COVID-19, were 
heavily impacted. Sixteen hospitals in the state were forced 
to evacuate, and the largest hospital in Lake Charles severely 
curtailed services for several weeks because of a lack of 
electricity and water.42 

A heatwave immediately followed the hurricane in Louisiana, 
part of a nationwide heat event, and the heat index rose to 
110°F (43°C) in some areas.43 This heatwave worsened health 
risks for many, particularly those who lost electricity and 
outdoor workers removing debris and repairing power lines. 
At least eight Louisianans died of heat-related illnesses.40

A series of cascading failures
The region has faced multiple industrial disasters during prior 
hurricanes,44 and Laura was no exception. Many industrial 
facilities in the state released millions of pounds of toxic 
emissions during shut-down procedures in the days prior to 
the storm, with more emissions following as a result of storm 
damage and power outages.45 In one notable example, the 
BioLab chemical plant just outside of Lake Charles caught fire 
due to hurricane damage, releasing chlorine gas and other 
hazardous pollutants (see Figure 1).46 Residents were told to 
shelter-in-place, close their doors and windows, and turn 
off their air conditioning units to protect themselves from 
exposure, despite the heatwave. 

Compounding Crises of Our Time During Hurricane Laura continued
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down, and only a small fraction of evacuees in shelters were 
tested for COVID-19.51

What the future holds
The full health damages of Hurricane Laura will not be known 
for some time. In addition, an understanding of how climate 
change contributed to the storm will also lag, but it is clear 
that the intensity of hurricanes is likely to increase as climate 
change worsens. Hurricane Laura came just hours after 
evacuation orders for Hurricane Marco were lifted. Hurricanes 
Sally and Delta followed, prompting new evacuation orders 
and causing further devastation in regions still early in recovery 
from Hurricane Laura. 

Protecting health and well-being in the face of the multiple 
interacting challenges of racial, environmental, and health 
inequities requires a holistic set of solutions. Prioritizing the 
voices of residents and community advocates in designing 
solutions is essential to protecting communities made most 
vulnerable by environmental racism, COVID-19, and climate 
change. Many local environmental justice organizations are 
leading such advocacy efforts across Louisiana, and these 
efforts should receive further investment. At a policy level, 
it is critical to address systemic racism by strengthening 
environmental and zoning regulations to protect health, 
ensuring equitable access to safe and quality housing and 
healthcare, and building the climate resilience of health and 
social infrastructure through investments that prioritize equity. 

Source: Associated Press, David J. Phillip (rights purchased).

The full extent of hurricane-related toxic pollution is unknown, 
in part due to inadequate environmental monitoring and 
reporting standards and infrastructure in Louisiana. Five of the 
seven regional air monitors were offline following the storm, 
further limiting the ability to understand air quality impacts. 
Climate-related industrial disasters are likely to increase over 
time unless updated construction and emergency planning 
requirements are put into place to address industrial facilities, 
the safety of the surrounding “fenceline” communities, and 
other climate change-related hazards.  

Response to Hurricane Laura hampered by COVID-19
The COVID-19 pandemic hindered the hurricane response.47 
Many of the 1.5 million people under evacuation orders were 
reluctant or unable to evacuate, likely due to a variety of 
reasons including concerns about increasing their infection 
risk and existing economic hardships. These concerns were 
even further compounded because emergency shelter 
options were already limited due to COVID-19. The pandemic 
also weakened essential disaster response infrastructure 
by, for example, interrupting critical supply chains, taxing 
healthcare workers, and straining healthcare facilities.

At the same time, the hurricane increased the risk of 
COVID-19 transmission in both evacuation and destination 
communities as people sheltered in other people’s homes or 
at emergency shelters.48–50 Laura also interrupted Louisiana’s 
COVID-19 response; all testing facilities were temporarily shut 

FIGURE 1.
BioLab chemical plant fire outside of Lake Charles in Louisiana due to damage from Hurricane Laura.



5T H E L A N C E T  C O U N T D O W N O N H E A LT H A N D C L IM AT E  C H A N G E

Source: NASA Goddard Space Flight Center, with permission.

FIGURE 2.
Before-and-after images of catastrophic flooding in Nebraska.  
Left image taken March 20, 2018. Right image taken March 16, 2019.

The Missouri River and North Central Flood resulted in over 
$10.9 billion of economic loss in the region, making it the 
costliest inland flood event in U.S. history.52 Yet, this is just the 
beginning, as climate change continues to accelerate extreme 
precipitation, increasing the likelihood of severe events 
previously thought of as “once in 100 year floods.”53,54

This 2019 disaster exhibited the same health harms and 
healthcare system disruptions seen in previous flooding 
events, and vulnerable populations – notably tribal and 
Indigenous communities – were once again disproportionately 
impacted. Thus, there is an enormous need for policy 
interventions to minimize health harms, improve health 
equity, and ensure community resilience as the frequency of 
these weather events increases.

The role of climate change, widespread devastation, and 
compounding inequities
The Missouri River and North Central Flood were the result of 
a powerful storm that occurred near the end of the wettest 
12-month period on record in the U.S. (May 2018 - May 2019).55,56 
The storm struck numerous states, specifically Nebraska  
(see Figure 2), Iowa, Missouri, South Dakota, North Dakota, 
Minnesota, Wisconsin, and Michigan. Two additional severe 
flooding events occurred in 2019 in states further south, 
involving the Mississippi and Arkansas Rivers.

This flood event exhibits two key phenomena that have 
been observed over the last 50 years as a result of climate 
change: annual rainfall rates and extreme precipitation have 
increased across the country.57 The greatest increases have 
been seen in the Midwest and Northeast, and these trends 
are expected to continue over the next century. Future 
climate projections also indicate that winter precipitation will 
increase over this region,57 further increasing the likelihood 
of more frequent and more severe floods. For example, by 
mid-century the intensity of extreme precipitation events 
could increase by 40% across southern Wisconsin.58 While it is 
too early to have detection and attribution studies for these 
floods, climate change has been linked to previous extreme 
precipitation and flood events.59,60 

Hundreds of people were displaced from their homes and 
millions of acres of agricultural land were inundated with 
floodwaters, killing thousands of livestock and preventing 
crop planting.52,61,62 Federal Emergency Management Agency 
(FEMA) disaster declarations were made throughout the 
region, allowing individuals to apply for financial and housing 
assistance, though remaining at the same housing site 
continues to place them at risk of future flood events. 

In Nebraska alone, 104 cities, 81 counties and 5 tribal nations 
received state or federal disaster declarations. FEMA approved 
over 3,000 individual assistance applications in Nebraska, 
with more than $27 million approved in FEMA Individual and 
Household Program dollars. In addition to personal property, 
infrastructure was heavily affected, with multiple bridges, dams, 
levees, and roads sustaining major damage (see Figure 3).52 

CASE STUDY

The 2019 Floods in the Central U.S.
Lessons for Improving Health, Health Equity, and Resiliency 

In spring 2019, the Midwest region endured historic flooding that caused widespread damage to millions of acres of 
farmland, killing livestock, inundating cities, and destroying infrastructure.52
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As with other climate-related disasters, the 2019 floods had 
devastating effects on already vulnerable communities as 
numerous tribes and Indigenous peoples were impacted,° 
adding to centuries of historical trauma.64,65 Accounts of 
flooding on the Pine Ridge Reservation in South Dakota 
demonstrate the challenges that resource-limited 
communities face in coping with extreme weather events.64 
Delayed response by outside emergency services left tribal 
volunteers struggling to help residents stranded across 
large distances without access to supplies, drinking water, or 
medical care.66 Lack of equipment and limited transportation 
hampered evacuations.67 

Health harms and healthcare disruptions
There were three recorded deaths from drowning, but 
hidden health impacts were widespread and extended well 
beyond the immediate risks and injuries from floodwaters. 
In the aftermath, individuals in flooded areas were exposed 
to hazards like chemicals, electrical shocks, and debris.68 
Water, an essential foundation for health, was contaminated 
as towns’ wells and other drinking water sources were 
compromised. This put people, especially children, at 
increased risk for health harms like gastrointestinal illnesses.69 
Stranded residents relied on shipments of water from 
emergency services and volunteer organizations and the 
kindness of strangers (see Box 3).

BOX  3

“We just remember the trust and commitment to  
each other”

Linda Emanuel, a registered nurse and farmer living in 
the hard-hit rural area of North Bend in Nebraska, helped 
organize flood recovery efforts. She recalled wondering, 
“How are we going to handle this? How do we inform 
the people of all the hazards without scaring them?” 
In addition to her educational role, she administered a 
limited supply of tetanus shots, obtained and distributed 
hard-to-find water testing kits, and coordinated PPE 
usage. In the first days of the flooding, she hosted some 
25 stranded individuals in her home. Reminiscing about 
how community members came together amidst the 
devastation, Emanuel remarked, “We just remember the 
trust and the commitment to each other and to our town. 
We are definitely a resilient city.”70 

Standing water remained in many small town for months, and 
a four-year old child at the Yankton Sioux reservation in South 
Dakota likely contracted Methicillin-resistant Staphylococcus 
aureus (MRSA) after playing in a pond.71 The mold and allergens 
that developed in the aftermath of the floods exacerbated 

° Oglala Sioux Tribe, Cheyenne 
River Sioux Tribe of the 
Cheyenne River Reservation, 
Standing Rock Sioux Tribe 
(North Dakota and South 
Dakota), Yankton Sioux Tribe 
of South Dakota, Lower Brule 
Sioux Tribe of the Lower 
Brule Reservation, Crow 
Creek Sioux Tribe of Crow 
Creek Reservation, Sisseton-
Wahpeton Oyate of the Lake 
Traverse Reservation, Rosebud 
Sioux Tribe of the Rosebud 
Sioux Indian Reservation, 
Santee Sioux Nation, Omaha 
Tribe of Nebraska, Winnebago 
Tribe of Nebraska, Ponca 
Tribe of Nebraska, Sac & Fox 
Nation of Missouri (Kansas 
and Nebraska), Iowa Tribe of 
Kansas and Nebraska, and Sac 
& Fox Tribe of the Mississippi 
in Iowa.

Source: Nebraska Department of Natural Resources, with permission.

FIGURE 3.
Destruction of Spencer Dam during Missouri River and North Central Floods.63
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respiratory illness.72 Flooding also backed up sewer systems 
into basements; clean up required personal protective 
equipment (PPE) to prevent the potential spread of infectious 
diseases. The significant financial burdens, notably the loss of 
property in the absence of adequate insurance, can contribute 
to serious mental and emotional distress in flood victims.73,74

Infrastructure disruptions, like flooded roads, meant that 
many individuals in rural areas were unable to access essential 
services including healthcare. In an interview with the New York 
Times, Ella Red Cloud-Yellow Horse, 59, from Pine Ridge Indian 
Reservation, recounts her own struggle to get to the hospital 
for a chemotherapy appointment.64 After being stranded by 
flooding for days, she had contracted pneumonia, but she 
couldn’t be reached by an ambulance or tractor because her 
driveway was blocked by huge amounts of mud. She was 
forced to trudge through muddy flood waters for over an hour 
to get to the highway. 

She told the Times, “I couldn’t breathe, but I knew I needed 
to get to the hospital.” Her story is an increasingly common 
occurrence as critical infrastructure is damaged by climate 
change-intensified extreme events. These infrastructure 
challenges are also often superimposed on top of the 
challenges of poverty and disproportionate rates of chronic 
diseases (see the Case Study). Multiple hospitals sustained 
damage and several long-term care facilities were forced to 
evacuate, with some closing permanently, as a result of the 
rising floodwaters,75 likely exacerbating existing diseases. 

A path towards a healthier, equitable, and more  
resilient future
As human-caused climate change increases the likelihood of 
precipitation events that can cause severe flooding disasters, 
public health systems must serve as a first line of defense 
against the resulting health harms. As such, the broader 
public health system needs to develop the capacity and 
capability to understand and address the health hazards 
associated with climate-related disasters. Often funds 
and resources for these efforts are focused on coastal 
communities; however, inland states face many climate-
related hazards that are regularly overlooked. Building on or 
expanding programs similar to CDC’s Climate-Ready States 
and Cities Initiative will help communities in inland states 
prepare for future climate threats.76 

Additionally, public health officials, health systems, and 
climate scientists should collaborate to create robust early 
warning systems to help individuals and communities 
prepare for flood events. Education regarding the health 
impacts of flooding should not be limited to the communities 
affected, but it should also include policymakers and other 
stakeholders who can implement systemic changes to 
decrease and mitigate the effects of floods. Local knowledge 
offered by community members regarding water systems, 
weather patterns, and infrastructure will be essential for 
effective and context-specific adaptation. By implementing 
these changes and executing more inclusive flood emergency 
plans, communities will be better situated to face the flood 
events that are projected to increase in the years to come.
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These challenges are not borne equally. Rates of food 
insecurity were nearly three times higher for low-income and 
single mother-headed households and nearly twice as high 
for Black and Latino households than for White households.

Early research has found a doubling of the average food 
insecurity rate across the U.S. linked to the COVID-19 
pandemic, with even greater increases among vulnerable 
populations.78–81 Disruptive events, whether climate-related 
disasters or the COVID-19 pandemic, can exacerbate existing 
barriers to securing healthy food for vulnerable populations 
and further widen food and health disparities.82 

Food insecurity has clear health implications. Adults who are 
food-insecure may be at an increased risk of health problems, 
including obesity, heart disease, diabetes, depression, and 
increased susceptibility to COVID-19.83–85 Food insecurity also 
puts children at a higher risk of asthma, anemia, and obesity, as 
well as behavioral, developmental, and emotional problems.83,86

Climate-intensified extreme events are compounding 
existing food insecurity
Climate change is anticipated to worsen existing food insecurity 
as climate-related disasters, such as drought and flooding, 
become more frequent and severe and as agricultural pests 
become more persistent.72,87 In 2019, there were fourteen 
climate-related disasters within the U.S. that each caused over 
a billion dollars in damages.52 

Historic floods in the Midwest destroyed millions of acres  
of agriculture and caused widespread infrastructure damage 
(see Case Study). In addition, an above-normal Atlantic 
hurricane season inundated coastlines with unprecedented 
rainfall, high winds, and storm surge; and wildfires in 
California and Alaska caused widespread energy disruptions, 
compromising the health and well-being of residents.52

The mechanisms of food system disruption
Disasters such as these threaten all aspects of food 
production, distribution, and accessibility, with subsequent 
impacts for affordability that can further exacerbate food 
insecurity for vulnerable populations. When food is not 
consumed where it is produced, it must be processed, stored, 
transported, and then sold or donated. These processes 
involve complex interdependent, and at times, international 
systems. Roads, bridges, warehouses, airports, energy grids, 
and other transportation or telecommunication infrastructure 
are at risk of direct damage from climate change, severely 
disrupting the food system as a whole.88,89 

For example, following the 2019 floods in the Central states, 
the flood waters caused more than forty state and federal 
highways to close, hydroelectric dams to be breached, and 
threatened nuclear power stations (see Case Study).90,91  
These disturbances limited the movement and storage of 
goods throughout the region and prevented consumers from 
accessing food sources.91,92 In the midst of an extreme fire 
season in California that same year, utility providers turned 
off power to millions of homes and businesses, plunging low-
income households into hunger and financial crisis as their 
food spoiled.93

Recent climate disasters decreased food security
Climate disasters can lead to acute food insecurity in the 
short-term and exacerbate chronic food insecurity in the long-
term (see Table 3). Populations already struggling from chronic 
insecurity, or those who are only marginally food secure, 
are particularly vulnerable to the socioeconomic impacts of 
disasters, such as loss of livelihood, rising food prices, forced 
migration, loss of social support, and health-related impacts. 
Data from the aftermath of 2019 disasters is still scarce, but 
the impacts from previous disasters that are similar in nature 
are well documented.

For example, nearly five years after Hurricane Katrina, many 
of the households heavily impacted by the hurricane in 
Louisiana and Mississippi remained food insecure. This was 
especially true for women, Black households, and those 
living with chronic illness, mental health issues, or low social 

CASE STUDY

Promoting Food Security, Resilience and Equity during Climate-related Disasters

The U.S. is often viewed as a nation of abundance, yet paradoxically, one in ten households were “food insecure” in 2019, 
meaning that they struggle to get the proper nutrition to keep their family healthy.77
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support.94 Similar impacts were demonstrated in New York 
City following Hurricane Sandy, where one-third of surveyed 
households in the heavily impacted Rockaway Peninsula 
reported difficulty obtaining food due to economic hardship, 
disruption of public transportation, and long-term closure of 
grocery stores months after the storm.95

A path towards equitable food security

Learning from Baltimore

In the era of complex disasters, community-level resilience 
is essential, as federal relief is often too slow and under-
equipped to meet the immediate needs of individuals and 
households. A growing number of U.S. cities are working to 
protect and improve food security in the aftermath of climate-
related disasters and help build climate-resilient local and 
regional food systems. 

For example, officials from Baltimore, Maryland worked with 
researchers at the Johns Hopkins University in 2017 to assess 
the resilience of the city’s food supply to climate-related 
disruptions and to identify ways to support communities at 
risk of experiencing food insecurity both before and after 
disasters.96 This is a wonderful example of the power of 
academic and public partnerships.

Baltimore also designated a food liaison to sit within the 
Office of Emergency Management during crises. This city 
received funding from FEMA to coordinate a collaborative 
regional food and water resilience plan with surrounding 
jurisdictions. When COVID-19 spread to Baltimore in early 
2020 — closing schools and many businesses — the city 
quickly put its food resilience planning into action and 
convened a group of food assistance stakeholders to better 
coordinate responses supporting food access for residents. 

TABLE 3.
Individual, household and community level risk factors to food insecurity following climate-related disasters.

Risk Factors Protective Factors

Individual and 
Household

 » Financial instability95

 » Insufficient housing101

 » Limited transportation and/or mobility95

 » Chronic illness102

 » Specialized dietary needs
 » Single income or female-headed household
 » Households with children/infants
 » Pre-existing food insecurity
 » Loss of livelihood103

 » Residence within a food desert104

 » Minority race77

 » mmigrant status105

 » Minority ethnicity77

 » English as a second language
 » College students106

 » Strong community cohesion and social support107

 » Good mental and emotional health108

 » Financial resources95

 » Back-up power at primary residence93

 » Emergency shelter access
 » Transportation options93

 » Sufficient, stable and safe housing103

 » Access to healthcare
 » Evacuation options

Community

 » Existence of systemic, structural racism and 
discrimination100 

 » Limited disaster resilience planning109

 » Aging, poorly constructed infrastructure92

 » Low social capital108

 » Food waste and lack of food recovery92

 » Lack of local food production104 
 » Lack of investment in equitable food 

distribution mechanisms and local 
agriculture110

 » Existence of food deserts and lack of public 
access to food stores or farmers markets104

 » Equitable and inclusive food and health 
policymaking111

 » Disaster-resilient infrastructure (e.g., buildings, roads, 
bridges, energy grids, public transportation)112

 » Resilient and nutritious local and regional  
food systems110 

 » Cross-sectoral food security planning111

 » Pre-existing disaster planning with emphasis on food 
provision111

 » School food programs113

 » Allowance for SNAP benefits to be used at farmers 
markets and Community Supported Agriculture (CSA)113

 » Involvement of healthcare sector in healthy food 
provision and elimination of food waste
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TABLE 4.
Suggested adaptive actions for communities and organizations.

ADAPTIVE ACTIONS FOR COMMUNITIES AND ORGANIZATIONS

• Identify and address the impact of systematic racism and 
discrimination in food insecurity and food distribution 
systems100,114 

• Assess and consider public access to food for people with 
limited capacity to travel94

• Promote policies and practices to enhance access to 
affordability of nutritious foods, including food diversion 
programs that reduce food waste115

• Increase flexibility and access to emergency food for 
vulnerable populations (D-SNAP, WIC, food banks, and 
school meals) 

• Screen for food insecurity in the healthcare setting

• Address food sovereignty for tribal and Indigenous 
people116

• Identify and address food deserts within communities99 

• Foster partnerships with local food producers through 
community cooperatives in order to promote food access 
and local economic resilience

• Create community collaborations for resource sharing117 

• Strengthen social support networks among vulnerable 
populations117 

• Undertake risk assessments to understand climate change 
threats and the current state of preparedness, specifically 
with regard to food supply118 

• Undertake food vulnerability mapping to understand risk 
profiles among neighborhoods119

• Promote resilient local and regional agricultural practices, 
including urban agriculture and community gardens120

• Utilize existing frameworks for addressing food insecurity 
following disasters:

 » Urban food chain supply resilience121 
 » Local food system resilience and food insecurity122

 » A food systems approach to climate change 
preparedness103 

Adaptive actions for health and equity

Local and state governments across the country can take 
similar steps to incorporate food insecurity risk analysis and 
adaptive planning into emergency management and climate 
adaptation planning (see Table 4). Local governments and 
community partners can ensure food assistance programs 
provide well-balanced meals and are targeted to reach 
vulnerable individuals and communities. 

It is critical to support federal and state assistance programs 
during non-disaster times, such as the Supplemental 
Nutritional Assistance Program (SNAP), Women, Infants and 
Children (WIC), and school lunches. As an example, SNAP and 
WIC services have been pathways to try to meet the rise in 
food insecurity during the pandemic, and many schools have 
attempted to continue to provide meals to children most 
in need.97,98 Thus, ongoing support can ensure that these 
programs are even more adaptable, optimally funded, and 
able to be rapidly mobilized during a disaster of any kind, thus 
reducing vulnerability and supporting food security in the 
short- and long-term. 

Simultaneously, addressing food insecurity in the wake of 
disasters goes hand in hand with combating the root causes 
of food insecurity and health disparities, such as poverty and 
food deserts.99 Structural racism is also deeply interconnected 
through complex pathways, including through the creation of 
disadvantaged social and economic factors that contribute to 
food insecurity.100 Yet, even when these factors are removed, 
some evidence suggests food insecurity remains for people 
of color, highlighting the need for further research.100 Finally, 
applying a food systems approach to food security after 
disasters, such as production of and access to healthy foods, 
and supporting diverse, local, and regional agriculture, is an 
important long-term strategy with clear benefits for both 
health and climate change.
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These nature-orientated areas are a key climate change 
adaptation strategy that can aid in reducing temperatures in 
“urban heat islands”, or parts of the city that get hotter than 
surrounding areas due to man-made features (i.e. the urban 
heat island effect). Green space also provides a multitude of 
other direct and indirect benefits that promote health.143,144 

These health benefits result from reducing harmful exposures 
to air pollution, heat, and noise, and by promoting physical 
activity, mental health and social engagement in both 
children and adults.144–146 Epidemiological research also 
shows exposure to green space can also decrease illness and 
death.144,145 Other benefits of adding greenness within a city 
include managing stormwater run-off, increasing plant and 
animal life, and storing carbon dioxide — thereby combating 
climate change.147–149

Greenness, however, varies across the United States due to 
weather patterns, urbanization, type of terrain, and other 
factors. Overall, cities and urban areas tend to be less green 
than suburban and rural areas due to the number and density 
of roads and buildings. 

Studies show that access to green space in urban areas is 
not evenly distributed across different races, ethnicities, 
levels of income, and other social and economic factors – 
broadly “socioeconomic status” (SES).150,151 Often, areas with 
a population that is predominantly White with a greater 
proportion of high income individuals and other beneficial 
SES factors have more greenness compared to areas of 
lower SES.150–155 Research has also examined how the varying 
distribution of greenness along racial, ethnic, and economic 
lines may contribute to health inequities, thus suggesting that 
access to greenspace is an environmental justice issue.150–155

Given that both health and climate change benefit from the 
creation of green space, urban planners and policymakers 
can use these findings to support the equitable greening of 
cities. Action items that can take place at the community level 
include: a) planting trees and other vegetation that are native, 
less susceptible to pests, and do not produce much pollen; 
b) creating a tree and vegetation planting and maintenance 
plan for neighborhoods, businesses, or cities; c) leading 

walks in nature to help encourage neighbors to appreciate 
urban greenspace; d) creating parks and gardens in areas 
that are lacking these resources; and e) educating public 
officials about the multiple benefits of greenspace. Some 
U.S. communities have already started greening initiatives 
that focus on affordable housing, youth engagement, 
job creation, and strategies to prevent gentrification and 
displacement.156,157

Louisville, Kentucky - urban green space access and  
health inequities
Louisville was found to have one of the most rapidly 
growing urban heat islands in the U.S. in 2012.158–160 
Furthermore, the extent of the urban heat island varied 
significantly within Louisville as temperatures differed 
by up to 10°F across different parts of the city.159 
Concern about urban heat islands, combined with the 
city’s steady decrease in tree canopy,160 led Louisville to 
embark on tree planting initiatives like the Green Heart 
Project.161 Due to these efforts, the city can serve as 
a useful case study on how a focus on greenness can 
impact health and other inequities, and how best to 
further expand greening endeavors.
 
Although Louisville, overall, has a relatively high average 
greenness across the city proper and its surrounding 
metropolitan area, this resource is not equitably 
distributed. The potential health impacts of this unequal 
distribution are significant. Using epidemiologic 
exposure-response functions taken from the 
literature, we estimated that over 400 all-cause 
deaths in 2015 for those aged 55 and older could 
have been prevented with just a small increase in 
greenness. Of those, about 70 deaths (17%) occurred 
in areas of very low greenness and 45 (11%) occurred 
in predominantly Black or low-income neighborhoods. 
Thus, health can be improved — and lives saved — all 
while striving to tackle inequities and injustices. 

CASE STUDY

Urban Green Space: Health Benefits and Reduction of Inequities

Green space, or “greenness”, is an area covered by vegetation like grass and trees that provides a stark contrast to the 
common man-made surfaces like asphalt found in U.S. cities. 
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Scientific deep dive: how the distribution of greenness 
varies by race and income in Louisville

Residential segregation, or an index of the concentration 
of extremes, was used to examine greenness exposure 
inequities along economic and racial/ethnic disparities. 
Racial (RRS) and economic (ERS) residential segregation 
are measures that examine how mixed or isolated two 
populations are within a geographic area.164–166 RRS and ERS 
were calculated at the census tract level and yielded scores 
that range between -1 and +1. A value close to -1 indicates 
the population is concentrated in the deprived group (e.g., 
non-Hispanic Black and lower income), while a value closer to 
+1 connotes the population is concentrated in the privileged 
group (e.g., non-Hispanic White and higher income). Scores 
close to 0 indicate well-mixed communities.164

Louisville is an example of an urban area with inequitably 
distributed greenness. In census tracts that are majority White 
(> 50%), the average greenness was approximately 0.2 units 
higher than those that are majority Black: 0.56 compared 
to 0.38, respectively. Similarly, a difference of 0.2 units in 
average greenness was observed when looking at majority 
high income (> $100,000 per year) versus majority low income 
(< $25,000 per year): 0.59 compared to 0.38, respectively. 

As Figure 5 depicts, comparing isolated census tracts indicates 
that more privileged areas (e.g., non-Hispanic White and higher 
income) have an average greenness 0.2 units higher than the 
average greenness in less-privileged areas (e.g., non-Hispanic 
Black and lower income).

Scientific deep dive: potential reduction in mortality and 
disparities in exposure to greenness in Louisville

To examine the potential mortality disparities in 
greenness exposure, a health impact assessment was 
conducted for this case study. This assessment used a 
greenness and mortality exposure-response function 
to estimate the potential reduction in deaths for those 
55 years of age and older in Louisville if greenness 
was increased across the entire case-study area by 0.1 
NDVI units.167,168 An estimated overall 413 deaths (95% 
confidence interval (CI): 309 – 619) could have been 
prevented in 2015 if the city were able to increase its 
greenness by 0.1 units, including 71 deaths (95% CI: 
54 – 107) in areas with very low greenness (based on 
distribution in Louisville), and 45 deaths (95% CI: 31 – 68) 
in predominantly Black or low income neighborhoods.

The science: results for the U.S. and Louisville, Kentucky
The 2020 global Lancet Countdown report includes a new 
indicator measuring access to green space in urban areas.123  
The researchers for the global indicator did additional 
analyses for Louisville, Kentucky to deepen the discussion and 
understanding of the relationships between greenspace, race, 
income, and health. 

 
Scientific deep dive: how greenness is measured for U.S. 
and Louisville, Kentucky

The Normalized Difference Vegetation Index (NDVI) is the 
most commonly used metric in epidemiologic studies to 
estimate greenness.144,145 NDVI is derived from satellite 
imagery and is calculated as a ratio of near-infrared to visible 
light. In general, it measures the photosynthetic activity 
of plants, with values ranging from -1 to +1, with negative 
values indicating water, values around zero representing bare 
soil, and values near +1 indicating high amounts of green 
vegetation.162 For this case study, NDVI measured by the 
Landsat satellite program was processed using Google Earth 
Engine to calculate average greenness per county for the 
entire U.S. and per census tract for Louisville, Kentucky.163 
 
Nationally for the contiguous U.S., the average greenness during 
the summer months, based on 2015 county-level data, was 0.57 
,with a range between 0.03 and 0.78 (see Figure 4A). Louisville, 
Kentucky (see Figure 4B) had an average greenness of 0.54 with 
a range from 0.00 to 0.75. Figure 5B shows that there tended to 
be less green around the city center compared to the outskirts, 
which include more suburban and rural land. Louisville fell only 
slightly below the national average, by 0.03 units.

FIGURE 4.
Distribution of greenness (NDVI) across A) contiguous U.S. by county and 
B) Louisville, Kentucky metropolitan statistical area by census tract

FIGURE 5.
Greenness by racial and economic residential 
segregation in Louisville, Kentucky.
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Climate Change and Vibrio

Vibrio are a type of bacteria found in coastal waters that 
can cause water- or food-borne disease. The suitability 
of coastal waters for growth of these bacteria has 
increased. In the Northeast, it has increased by as much 
as 99%* over the past five years.123 Warmer waters with 
optimum salinity in estuaries, driven by climate change-
related warming water temperatures, sea level rise, heavy 
rainfall, and nutrient changes, are associated with increased 
concentrations of Vibrio.124–127 

Models of the Chesapeake Bay predict expanded habitats 
and higher summertime concentrations of V. vulnificus 
and V. parahaemolyticus.125 One simulation suggests that 
by 2100, waters along U.S. coasts may provide a suitable 
habitat for V. cholerae, which causes cholera and is 
currently almost nonexistent domestically.128 Flooding 
fueled by climate change is also of concern; along the Gulf 
Coast, cases of non-cholera Vibrio illnesses increased after 
Hurricane Katrina.13,129,130

Implications for health

People can become infected with waterborne Vibrio bacteria 
(V. vulnificus, V. parahaemolyticus, and V. cholerae) when an 
open wound is exposed to contaminated saltwater, or by 
eating contaminated seafood.131 Vibrio can cause severe 
diarrhea, wound infections, and blood infections that can be 
life-threatening.131,132 

Reported Vibrio infections in the U.S. are increasing  
(see Figure 6)131 and expanding to new geographic 
regions.133,134 The death rate is 20% for flesh-eating skin 
infections and exceeds 50% when infection spreads 
throughout the body; infections are becoming harder to 
treat given the bacteria’s rising resistance to antibiotics.135,136 
Individuals with diabetes, liver disease, and compromised 
immune systems are at greatest risk for serious complications 
including limb amputation and organ failure.131

A path forward

To address the health harms from Vibrio, public health 
organizations and policymakers should prioritize aggressive 
climate change mitigation efforts. These efforts can reduce 
warming of water, sea level rise, and flooding, all of which 
increase suitability for Vibrio bacteria. To reduce the risk of 
Vibrio infections, public health protocols and public education 
should incorporate seasonality and updated location-specific 
hazards. The National Shellfish Sanitation Program has risk 
management plans for shellfish sold to eat,137 and Maine 
implemented “time temperature” regulations to reduce the 
time for bacteria to multiply, thus limiting the potential for 
infection.138 In addition, California saved lives by restricting 
the sale of untreated raw oysters from the Gulf Coast from 
April to October.139 Opportunities abound to expand public 
health messaging in restaurants and healthcare settings to 
better target high-risk populations.140–142

* This represents newly published data for the U.S. from Watts et al (2020), and the most 
recent year of data available is presented. Please see the 2020 global Lancet Countdown 
report and appendix for further details about this specific indicator.

FIGURE 6.
Total reported infections of non-cholera Vibrio species in the U.S., 
2000-2014. 
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Climate Action in Agriculture can Reduce Air Pollution and Minimize Climate Change

This Critical Insight provides further detail on how climate 
change action in the agriculture sector can also benefit 
health through a reduction in air pollution. Agriculture itself 
is impacted by climate change as, for example, crop yields 
decrease,169–171 and agriculture is an important target for 
climate action.

Agriculture contributes 12.5%* of U.S. greenhouse gas (GHG) 
emissions with about 50% arising from soil management 
practices (e.g., application of synthetic nitrogen fertilizers) 
and 35% from livestock enteric fermentation (e.g., cow 
belching) and manure management.172 In addition, three-
fourths of human-caused nitrous oxide (NOx) emissions arise 
from agricultural soils, and livestock production is the largest 
source of methane (CH4) emissions in the U.S. — both potent 
GHG emissions, as noted in the U.S. Policy Brief.172

Overall agricultural GHG emissions increased around  
11% between 1990 and 2018, outpacing the overall rise 
in U.S. GHG emissions of only 3.7%. Nitrous oxide and 
methane emissions related to manure management 
increased nearly 60% with the rapid rise in concentrated 
livestock production.172 These sources are also intricately 
connected with the generation of ammonia, which reacts  
in the atmosphere to form fine particulate matter (PM2.5), 
one of the most harmful forms of air pollution.

Agricultural climate change action can reduce air 
pollution and benefit health

The agricultural sector has been estimated to be responsible 
for close to 20% of all human-caused air pollution in the 
U.S.173 Over half of the ammonia, the primary source of 
agricultural air pollution as outlined in the U.S. Policy Brief, 
comes from livestock and their manure, while nearly a third 
comes from synthetic nitrogen fertilizer on cropland.174 

A study found that the Midwest “corn belt” contributed to 
approximately 4,300 premature deaths annually from the 
particulate matter air pollution related to corn production, 
further demonstrating the significant health impacts.175  
The average estimated damages associated with these 
deaths is $39 billion per year, which often exceeds the 
market value of the corn. Ammonia emissions from synthetic 
nitrogen fertilizers and manure drove more than 70% of 
these deaths. In addition, higher ammonia concentrations in 
the air are associated with reduced lung function in adults 
and asthma in children who live near Concentrated Animal 
Feeding Operations (CAFOs).176,177 This is yet another avenue 
of health harms for already vulnerable agricultural workers 
(see 2019 Appendix), who are largely Latino and have higher 
rates of respiratory symptoms.178,179

The health effects of agricultural pollution are not limited 
to agricultural areas, as pollutants can travel hundreds 
of miles from their source.177,180 Moreover, nitrates from 
agriculture sources have implications for illness beyond just 
air pollution, such as the health harms (e.g., cancer, thyroid 
disease, and fetal defects) associated with the ingestion of 
nitrate contaminated water.181

Placing health as a driver for climate change action 
in agriculture

The complex U.S. agricultural system has a variety of 
stakeholders, which means there is a wealth of opportunity for 
action across both consumption and production that will have 
sweeping benefits for climate change and health. Alterations 
in consumption include a shift toward plant-based diets, 
reduced average consumption of meat, and reduced food 
waste.182 More generally for production, this should include 
a shift away from current large-scale industrial agricultural 
practices to models like regenerative agriculture.182 Broadly, 
regenerative agriculture consists of practices that rehabilitate 
and restore degraded farmland, benefiting the farmer and 
crops and combating climate change. 

More specifically, in addition to working on GHG emission 
reduction, on-farm interventions can target fertilizer and 
manure management as a way to reduce ammonia-related 
air pollution. A crucial intervention is using appropriate 
fertilizer and manure sources at the right rate, time, 
and place, and incorporating or injecting manure into 
cropland soil to avoid ammonia losses to the air.183,184 Other 
beneficial practices include low-protein feed additives, 
use of cover crops, improved manure storage, methane 
capture, and strategic use of natural infrastructure.

Research shows that improved nutrient management on 
cropland could reduce nitrous oxide emissions by 33%,185 
and covering manure storage on confined dairy and swine 
operations could reduce overall manure methane emissions 
by 50%.186 Policies and programs that encourage safe 
nitrogen balances or enable markets for biomethane are a 
part of this solution.

There are also broader food system reforms at the industrial 
level that can be implemented to curb rapid expansion of 
livestock production and the resulting food system emissions, 
such as those from the production of livestock feed crops. 
Both the American Public Health Association and the National 
Association of County and City Health Officials call for a 
moratorium on all new and expanding Concentrated Animal 
Feeding Operations until adequate public health protections 
are in place.187 Many of these suggested approaches also 
enhance carbon uptake by soil, make farms more resilient 
to climate change-related floods and droughts, and benefit 
human and livestock health.188,189

* This number originates from methods used by the Environmental Defense Fund and 
includes additional GHG emissions related to agriculture (e.g., agricultural-related fossil 
fuels, electricity, fertilizer manufacturing and land use change related to agriculture) 
added to the 9.9% of direct agriculture emissions cited by the EPA.
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* This value assumes that associated emissions from flaring and leakage – which can 
significantly increase the carbon footprint of natural gas – can be minimized.209,210,219

Source: Energy Information Administration. U.S. Natural Gas Vented and Flared  
(million cubic feet).210 Additional note: 2017 datapoint is not currently available  
and so the trend from 2016 to 2018 was determined through linear interpolation.

FIGURE 7.
Natural gas vented and flared in the U.S. between 2000-2018 
(million cubic feet).
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Natural Gas: Health and Climate Change Harms

While natural gas can lower both GHG emissions and air 
pollution when it replaces coal power, it is not emissions-
free. Natural gas used in power plants still produces around 
42% the amount of carbon dioxide (CO2) as coal per unit of 
electricity that is generated.* Burning natural gas produces 
air pollution including nitrogen oxide (NOx), volatile organic 

compounds (VOCs), and particulate matter (PM), and can 
lead to ozone formation — all of which contribute to poor 
health, including respiratory illness.200–204

The use of natural gas in the U.S. rose by 35% over the past 
decade (see Figure 7).205, 206 In 2019, natural gas produced 
35% of the total electricity generated in the U.S. compared 
to 18% in 2005.207 Over this same period, GHG emissions 
from natural gas power plants rose by 81%.208

Furthermore, the amount of natural gas that is vented 
and flared during production (i.e. at the well site) more 
than quadrupled from 2000-2018 in the U.S.209, 210 Several 
studies have found higher risk of asthma attacks and poor 
birth outcomes among communities living in proximity or 
downwind of oil and gas activity.195,196, 211–216 

The main component of natural gas is methane (CH4). 
Methane leaks occur throughout the entire natural gas 
supply chain. While transmission and storage of natural 
gas contributes to around 19% of this leaked methane 
(e.g., from leaky pipes), but the majority (67%) of leaks 
occur during oil and gas production.217 The sector could 
cut methane emissions by approximately 70% by using 
available emission-control technologies and operating 
practices, including leak detection and repair.218

Transitioning to Zero-Carbon Energy Will Improve the Quality of Our Air and Protect Vulnerable Communities

Transitioning to zero-carbon energy in the United States will 
benefit public health today by improving the quality of our 
air, leading to longer and healthier lives across the country. 
It will also protect our health in the long-term by reducing 
the impacts of climate change. While these benefits will be 
felt across the country — reducing healthcare spending and 
sick days — a just and affordable transition to zero-carbon 
energy can particularly support better health in vulnerable 
and marginalized communities.123,190–193 

Climate change and air pollution exacerbate inequalities in 
the U.S. that stem from systemic racism and other forms of 
discrimination. The impacts of air pollution in the U.S. are 
felt across the country, but particularly in Black and Latino 
communities.194 For example, rising pollution from the 
flaring of natural gas has been associated with up to a 50% 
higher chance of preterm births in mothers – who are largely 
Latino – living near these flares.195–197 Furthermore, tribes 

and Indigenous peoples are also often disproportionately 
impacted by air pollution and are particularly vulnerable to 
the impacts of climate change.198 

Despite progress over the past few decades, different 
estimations find that air pollution from the use of fossil 
fuels still leads to between 50,000-100,000 early deaths 
each year in the United States.173 This air pollution comes 
predominantly from the energy system, including power 
plants, transportation, and industry. Thus, phasing out the 
country’s remaining coal power plants and transitioning to 
zero-carbon transportation would save tens of thousands 
of lives across the U.S. each year.123 Research has shown 
that the health benefits of the energy transition can more 
than offset any costs of policies to reduce GHG emissions.199 
Furthermore, engaging with communities that bear a 
disproportionate burden of these air pollution and climate 
change impacts can reduce existing equity gaps.
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