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Overview

** Wildfire Smoke & Human Health
*»* Present-Day Wildfire-Specific Pollution
s Future Mid-Century Wildfire-Specific Pollution

¢ Concluding Remarks & Discussion
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Wildfire smoke impairs human health

90 M (microns) in diameter
FINE BEACH SAND

PC: U.S. EPA
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Wildfire PM2.5 may be more harmful
than PM2.5 from other sources

Western U.S. (561 Counties)
Wildfire-specific PM2.5 (Liu et al., 2016):
7.2% (0.25%, 14.63%) increase in respiratory admission rate (RAR) comparing Smoke Wave (SW)y, <
days (wildfire-PM, . >37ug/m?3) to non-SW days (wildfire smoke <20ug/m3)
Average difference in daily PM, : levels between intense SW and non-SW day: 29.6pg/m3
Corresponds to 7.2% (95% CI: 0.25%, 14.63%) increase in RAR per 29.6p.g/m3 increase of PM, .

Southwestern U.S. (25 counties)
Total PM2.5 (Bell et al., 2008):
0.94% (0.22-1.67%) increase in RAR per 10ug/m?

Corresponds to 2.81% (95% CI: 0.64, 5.02%) increase in RAR per 29.6ug/m?3 increase of PM, .

Slide courtesy of Jia Coco Liu



Why Alaska?

More exposure, More susceptible?

Forest fire burned area trends by decades
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PRELIMINARY

How do wildfire patterns affect the
numan health of Alaskan communities?

Research Objectives:

1. Conduct a non-occupational exposure assessment of only
wildfire-induced particulate matter sized 2.5um or smaller
(PM2.5) for Alaska during the present-day (1997 — 2010).

2. |dentify vulnerable subpopulations of Alaskan A | ' | g :
communities to wildfire-induced PM2.5 exposure in the T R R
present (1997-2010) and future (2047-2051). h / '

3. Estimate future wildfire-induced PM2.5 levels and
associated health impacts in Alaska around the mid-21st
century (2047-2051).

EPA PM2.5 Monitors 1999-2014
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PRELIMINARY

Data & Methodology

PRESENT-DAY Wildfire-PM2.5 Exposure Level Data:
Courtesy of Drs. Xu Yue & Loretta Mickley, Yale & Harvard collaborations 729 107 m; ﬂf/\:«\
* Fire Data Input: North America Fire Emissions Database (NAFED) A°\

* Transport & Deposition Model: GEOS-Chem (meteorology)
- Extensively validated against Global Fire Emissions Database
(GFED)

e Spatial Coverage & Resolution:
- Almost the entire state of Alaska
(48°N-72°N, 177.5°W-127.5°W)
- @Grid size: 4° x 5°: Derived to census tract level 3
using area-weighted average ‘\.

>
g >
* Time Period & Temporal Resolution: g \%
- 1997 - 2010, focusing on fire season (Apr-Oct) 4s, N e
- Monthly, averaged across the years 1\<“‘5°\N

e Population Data: 2000 Decennial Census



PRELIMINARY

Wildfire-PM2.5 exposure levels during 1997-2010 are the
highest in the interior Alaska and during July and August

July

Estimated monthly
average wildfire-PM2.5
concentration (ug/m?3)
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PRELIMINARY

Monthly average of ~30-35 pg/m?3 PM2.5 is unsafe

EPA Air Quality Index:
24-hr PM2.5 average (ug/m?3)

Good: 0-15

Moderate: 16 — 40

Unhealthy for Sensitive
Groups: 40 — 65

Unhealthy: 65 — 150

Very Unhealthy:
150 - 250

Hazardous: > 250

e EPA 24-hour average
standard (35 pg/m3)

24-hr overall PM2.5 concentration (pug/m?3)

Source: Alaska Department of Environmental Conservation



PRELIMINARY

Which subpopulations have the highest and
lowest wildfire-PM2.5 exposure levels?

Developed Settlement Type
Sex

Age

Race/Ethnicity

Native Tribe

Occupation Industry
Poverty

Unemployment
 Household Income

* Education Level



PRELIMINARY

aka very

‘})

Most of Alaska is “remote rura
limited access to road or ferry

Urban = Medium Metro, Small Metro, Micropolitan (n=102 census tracts; 461,139 people) - 2006 National Center for Health Statistics
Rural = Not urban or remote rural (n=38 tracts, 105,674)
Remote Rural = Boroughs and census areas with very limited road and ferry access (n=18 tracts; 60,119) - Scott Goldsmith, University of Alaska Anchorage)

B Urban

[ ] Rural
[ Remaote Rural



PRELIMINARY

Urban areas experience higher wildfire-PM2.5
exposure than rural and remote rural areas

[
=3

Summer Average

Population Size

E Developed Exposure Level (% of Total)
g 12 - Settlement Type  [pg/m’]
? o Urban 9.13 | 461,139 (74%)
- Rural 446 | 105,674 (17%)
s 8 Remote Rural 4.45 60,119 (10%)
(=8
é o * Summer = June, July, August
= Wildfire-PM2.5
= 4 I Urban concentration (ug/m3)
= ] Rural MW0-5
E:-h 2 [ Remote Rural BWs-10
= m10-15
2 o ._ ]15-20

5 6 7 8 9 % E20-25

2s5-30
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PRELIMINARY

Blacks experience the highest exposure level, and
American Indians or Alaska Natives the lowest level

16 Summer Average | Population Size
= Exposure Level | (% of Total)
E 14 Race/Ethnicity [pg/m?]
= Black 10.36 21,787 (3%)
> 12 White 839 | 434,524 (69%)
T 10 Some other race .19 9,957 (2%)
g Hispanic 8.11 25,852 (4%)
< s Two or more races 7.85 34,146 (5%)
a1l = =
= 6 MNative Hawaiian and
B —————— 7.39 3,309 (1%)
= 4 Asian 6.25 25,116 (4%)
= = =
= American Indian or
a£Z
%. 2 R r—— 5.58 98,043 (16%)
* Summer =June, July, August
=0 American Indian/
5 6 7 8 9 Black Proportion of AK’s total  Alaska Native
Month respective racial population
in census tract (%)
== Black —a=White " B 0.0-3.0 ,
S
== Some other race == Hispanic [13.0-80 %
S 5
=g TW0 OF MOre races —a—MNative Hawaiian or Other Pacific Islander B 6.0-9.0

Asian == American Indian or Alaska Native



PRELIMINARY

Among the Native tribes, Alaska Athabascans
experience by far the highest exposure level, and the

Other Alaska Natives experience the lowest
= 20 Summer Average | Population Size
£ Exposure Level | (% of Total)
o 18 Native Tribe [pg/m®]
;é 16 Alaska Athabascan 12.89 11,910 (15%)
@14 Cherokee 8.53 962 (1%)
o 12 Other American Indian 7.17 4,151 (5%)
= 10 = 4.26 41,481 (53%)
¢ s Aleut 3.63 8,282 (11%)
T 6 Tlingit-Haida 2.38 9,153 (12%)
E_ 4 Other Alaska Native 1.72 1,699 (2%)
_'E_| . - * Summer = June, July, August
S 0 Alaska Athabascan ~ Proportion of AK's total Other Alaska Native
= respective Native American tribe
& 6 7 8 3 population in census tract (%)
Month 00 -20
C12.0-40
- Alaska Athabascan —a—_herokee =g Other American Indian & 14.0-6.0 *
Eskimo ——Aleut Tlingit Haida * [60-130 *

B 130-57.0

—g=Other Alaska Native



PRELIMINARY

Occupation industry subpopulations also
experience differential wildfire-PM2.5 exposure

12
E
S
10
= 20,534 (7%)
[T
E 8 8.05 61,165 (22%)
o 8.04 22,628 (12%)
= b
a- 8.03 15,866 (6%)
=
= 4
= 8.03 24,099 (9%)
=
> 2
= 7.94 21,322 (8%)
c
EC' 0
5 & 7 g 9 7.85 7,215 (3%)
Month 7.82 25,043 (9%)
7.82 7,652 (3%)
g Construction =—s=—FEdHealthSoc =—u=—PRetailTrade
7.82 12,934 (5%
=w=0therServ =—e—ArtEntRecAccomFood == Prof5ciMantdmWWaste > (5%
—e—\Nholesale trade —g—TransWareUtil == |nformation 7.26 30,070 (11%)
o= FinaninsRealEst =—a=—Pubadm == AgForFishHunMin 6.00 13,774 {5%)
—e—Manufacturing 5.52 9,220 (3%)

* Summer = June, July, August
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PRELIMINARY

Data & Methodology

FUTURE Wildfire-PM2.5 Exposure Level Data:

Courtesy of Drs. Xu Yue & Loretta Mickley, Yale & Harvard collaborations 74°/v‘3£"77i &‘33\7@
 Ensemble of 13 climate models k°E
(expected higher temperature & humidity) & 70;'\/

GEOS-Chem based transport model
* Future Simulation: under IPCC’s A1B climate change scenario %

e Spatial Coverage & Resolution: 629, ’
- Entire state of Alaska (50°N-74°N, 177.5°W-127.5°W)
- Grid size: 4° x 5°: Derived to borough/census-area 589,

(county-equivalent) level using area-weighted average _
% g
 Time Period & Temporal Resolution: '\;'v(\D h

~
- 1997 - 2001 & 2047-2051, focusing on . » 3
fire season (Apr-Oct) N Aq\:«\ N
- Monthly, averaged across the years 17252051/2m/ 167,57, - N \3T gW > °
7.5°W 147.5



PRELIMINARY

Almost the entire Alaska will be exposed to at least
100% increased wildfire-PM2.5 levels under
climate change by 2047-2051 relative to 1997-2001

July

Percentage
A wildfire-PM2.5 relative to
present levels (%)
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PRELIMINARY
The respiratory hospitalization rate from wildfire smoke in the
interior Alaska for the elderly population will increase by
2-7% under climate change from 1997-2001 to 2047-2051

7.2% (95% Cl: 0.25%, 14.63%) increase in respiratory admission rate

% increase in Jul per 29.6ug/m?3 increase of wildfire-PM, ¢ (Liu et al 2016)
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PRELIMINARY

Concluding Remarks

» Alaska currently is experiencing high levels of wildfire-specific PM2.5 during July and August,
especially in the interior.

» Alaska will experience increased levels of wildfire smoke exposure and associated health
burden across the state by the mid-century under climate change.

» Air quality in Alaska poses an environmental justice issue since my findings suggest different
subpopulations experience different levels of wildfire smoke exposure.

» More research is needed as this study only seeks to start the discussion on a topic
previously untouched: potential human health impacts of wildfire smoke in Alaskan
communities
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Questions? Feedback?

lucia.woo@yale.edu
luciawoo3@gmail.com
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Downtown Anchorage on May 22, 2014 on May 27, 2014 (PC: Lucia Woo)



