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Arkema chemical fire following Hurricane Harvey, Aug. 2017
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Extreme weather, chemical facilities, and vulnerable
populations: A disastrous combination

CSB DATABASE INCIDENTS, 2000-2018 CURRENT FUTURE
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Locations of highly hazardous chemical facilities within 50 miles of
Gulf Coast overlaid on census block group population size for 2016
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Anticipating future chemical events

Che New York Eimes

BUSINESS Chemical Maker and Its Chief Indicted for Explosions During Hurricane H...

Houston area into Louisiana, bringing with it 50 inches of rainfall in
some places and killing at least 39 people.

A lawyer for Arkema North America, Rusty Hardin, said the
indictment was unprecedented, adding that the company and its
workers were victims of the hurricane as much as everyone else in

the county.

“All the experts agreed this was an act of God of biblical

proportions, never before seen and never anticipated by anyone,”

Mr. Hardin said. “It would set an ominous precedent if a company
could be held criminally liable for impact suffered as a result of the
historic flooding of Hurricane Harvey that no one, including Harris
County itself, was prepared for.”
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Organic Peroxide Decomposition, Release, and Fire at
Arkema Crosby Following Hurricane Harvey Flooding
Crosby, Texas

Incident Date: August 31, 2017
Exposures to Emergency Responders, Community Evacuation, and Property Damage

“...no clear and specific
regulatory requirement calls
for flood risk to be assessed

-weove N relation to process safety
under the regulation
language in either the PSM
standard or RMP rule.”
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Hog farmes,
Superfund sites
in the path of
hurricanes
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GAO recommends EPA provide direction on integrating climate information into site-
level decision making to ensure long-term protection of health and the environment
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Note: For the purpose of this analysis, each site is represented by a 0.2-mile radius around the primary coordinate of the site, regardless of the
actual area of the site. Sites for which data are not available are included in the "no hazard identified" categories. For example, wildfire data are not
available outside the contiguous United States, storm surge data are not available for the West Coast of the United States, Alaska, or Pacific islands
other than Hawaii, and sea level rise data are not available for Alaska. This map does not identify facilities and contamination on the sites that would
be impacted by the natural hazards or provide information necessary for assessing risks to human health or the environment at these sites.

Sources: GAO analysis of Environmental Protection Agency, Federal Emergency Management Agency, National Oceanic and Atmospheric

Administration, and U.S. Forest Service data.
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About GAO Multimedia

Superfund Sites and Climate
Change

GAO-20-73, OCTOBER 18, 2019

Natural Hazards That May Impact
Nonfederal Superfund Sites

wildfire: !
e high wildfire hazard potential

Storm surge:

L] ® froma minimum intensity (Category 1) hurricane

L] from a maximum intensity (Category 4 or 5) hurricane
Flooding: 2

e highest flood hazard

O moderate or other flood hazards

Sea level rise: 3

e floeding at high tide with no additional sea level rise
e flooding with 1 ft. of sea level rise

Oe flooding with 3 ft. of sea level rise
L] flooding with 8 ft. of sea level rise

no hazard identified (includes unknown?)
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Sensitivity of Airborne Dust to Drought in the US Southwest:
What Are the Implications for Public Health under Climate Change?

Ploy Pattanun Achakulwisut, Susan C. Anenberg, James E. Neumann, Stefani L. Penn, Natalie Weiss, Allison Crimmins,
Neal Fann, Jeremy Martinich, Henry Roman, and Loretta J. Mickley
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Soil-derived particulate matter (PM) are major contributors to air
pollution and visibility degradation in the US Southwest
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Major dust sources: North American deserts, In southwestern states, mineral dust can make up ~50%
and the semi-arid Columbia Plateau, Colorado of fine PM (PM, ) monthly mean concentrations

Plateau, southern Great Plains Hand et al,, 2017, J. Geophys. Res,

https://geoalliance.asu.edu/Dust
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Understanding the relationship between wind-blown dust and droughts
is critical for constraining the climate-sensitivity of PM

Projected Change (mm) in Soil Moisture, End of Century, Higher Emissions
Winter Spring
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Without substantial reductions in greenhouse
gas emissions, southwestern North America will
experience increasingly severe drought
conditions [e.g., Wehner et al., 2017; Ault et al.,
2016].

Recent studies suggest that such changes may
lead to enhanced dust activity in the US
Southwest [Achakulwisut et al., 2017, 2018;
Tong et al., 2017], but the impacts are not yet
well quantified.
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Wehner et al., 2017 (Climate Science Special Report: NCA4)
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How sensitive are fine dust concentrations to local/regional drought

conditions?
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Monthly mean fine dust anomalies in each
season during 2000-2013 show a dominant
spatial pattern of regional co-variability,
capturing 53% of the total variance. This is
indicative of large-scale influence.

A unit decrease in regional mean SPEIO2 is
associated with increases of 0.2-0.4 pg m3
in regional mean fine dust (p < 0.05),
depending on the season.

Achakulwisut et al. GeoHealth, 2019

THE GEORGE
WASHINGTON
UNIVERSITY

THE GEORGE WASHINGTON UNIVERSITY

WASHINGTON, DC



How will dust levels change due to projected drought conditions for each
season, model, and RCP scenario (relative to 1986-2005)?

Projected decreases in soil moisture

a) Projected changes in fine dust (g m ™) could increase fine dust levels by
- RCP4.5 : RCP8.5 % 57% over the US Southwest in 2090
| = CanESM2 * GFDL-CM3 » HadGEM2-ES |
067 | ccr;M4 - GISS-E2-R - M?ROCS X under RCPS.5.
0.4- L X ~
y ® X ::_ » y Under RCP8.5 relative to RCP4.5,
02{ ¥ ¥ : 1 % X . increases in dust concentrations are
00' e, % 30% larger in 2050 and 60% larger in
- 2030 2050 2070 2000 2030 2050 2070 2090 2090.

Achakulwisut et al., GeoHealth 2019
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What are the magnitudes and economic values of the health impacts
attributable to dust exposure?

Excess annual mortality Excess annual hospitalization
(additional to 1,300 deaths/year) (additional to 2,300 admissions/year)
3700 :
% AQ-constant A In 2090, dust-attributable
RCP4.5 : :
RGP8 3 mortality could !nFrease by
3100 220% and morbidity by
30001 22 160% due to rises in dust,
2500 population, and baseline
2200 disease rates.
2100
2000+ 1900 _ _ _
1700 Climate-driven changes in
14bo-a 2% 1400 dust concentrations alone
100 can account for ~40% of
1000 these increases.
Achakulwisut et al., GeoHealth 2019
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What are the magnitudes and economic values of the health impacts
attributable to dust exposure?

Excess annual mortality Excess annual hospitalization
(additional to 1,300 deaths/year) (additional to 2,300 admissions/year)
[AQ-constant — \ The economic damages of
%Eg;g;g \ these dust-related health
2000 310 1 —— impacts in 2090 are
] 2900 .
*_  estimated to be $47
2500 billion/year (additional to
o 2200 the historical burden of $13
2000, 14 billion/year).
1700
1400 1400 These excess damages
1100 under RCP8.5 are $6.4
1000 billion/year larger than
those under RCP4.5.
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The EPA’s Climate Change Impacts and Risk Analysis (CIRA) framework quantifies
damages across different US sectors using consistent greenhouse gas
concentration and socioeconomic scenarios

- The Fourth National Climate Assessment reported
5(12,‘:‘5;;’:;’ that climate change is expected to cause substantial
SRR ROPG.5) damages to multiple US sectors, with the largest risks
e o (damages auoided in 2090 related to extreme temperature mortality,

$141Blyr under RCP4 5)

labor productivity decline, and coastal property loss.

Compared to these projected national-scale climate

Inland Flooding

seBiyr impacts, our estimated dust-related health damages
Electricit enne
SUPP.y:;:rﬁii!mand of $47 billion/year for four southwestern states rank
. yr . .
°°a;*ﬁ'8';',3fe"y s 4™ and is ~2 times larger than ozone-related health

22% % impacts.
Dust .
$47Blyr Email: sanenberg@gwu.edu
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How will increasing aridity affect ambient dust levels and public health
risks in the US Southwest?

1. How sensitive are surface dust concentrations to local/regional drought conditions?
» Conduct statistical analysis using 2000-2013 observations and the Standardized Precipitation-
Evapotranspiration Index (SPEI, 1-48 months) to represent droughts in different hydrological sub-
systems.
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How will increasing aridity affect ambient dust levels and public health
risks in the US Southwest?

1. How sensitive are surface dust concentrations to local/regional drought conditions?

2. How may dust concentrations change between 2006-2099 (relative to 1986-2005) due to
projected drought conditions under intermediate (RCP4.5) and high (RCP8.5) greenhouse gas

concentration scenarios?
» Estimate changes by applying derived sensitivities to downscaled meteorological output from 6
global climate models and 2 RCP scenarios.
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How will increasing aridity affect ambient dust levels and public health
risks in the US Southwest?

1. How sensitive are surface dust concentrations to local/regional drought conditions?

2. How may dust concentrations change between 2006-2099 (relative to 1986-2005) due to
projected drought conditions under intermediate (RCP4.5) and high (RCP8.5) greenhouse gas
concentration scenarios?

3. What are the magnitudes and economic values of associated public health impacts?
» Perform assessment using projections of dust concentrations, population, and baseline incidence
rates, combined with concentration-response and economic valuation functions.
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