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Introduction
• Wildfires have been increasing in frequency and severity in western America

• Occur in summer and fall seasons when the temperature is high and the humidity is low
• The risk of wildfires is predicted to increase due to climate change
• Smoke pollutants: nitrogen dioxide, ozone, carbon monoxide, polycyclic aromatic
hydrocarbons, aldehydes, and particulate matter PM1, PM2.5, and PM10

• Concerns about the potential adverse health impacts of exposure to wildfire smoke
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The negative impact of smoke on health
• Respiratory – Sheldon and Sankaran (2017), Holm et. al. (2020) in children, Swiston et. al.
(2008) in firefighters
• Cardiovascular – Johnston et. al. (2014), Chen at. al. (2021)
• Cardiorespiratory – Mott et al. (2005), Kochi et. al. (2012)
• Reid et. al. (2016) mentioned that smoke can cause other health problems such as lung
diseases, asthma, pneumonia and bronchitis, and health-related problems. It can also
cause morbidity and mortality.
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California has the highest risk
Table 1. Top 10 States For Wildfires Ranked By Number Of
Fires And By Number Of Acres Burned, 2020
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Top 20 largest California wildfires
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Thomas Wildfires
• Started on December 4, 2017 → North of
Santa Paula and south of Thomas Aquinas
College
• Affected Ventura and Santa Barbara
• Burned 281,893 acres – the largest
wildfires in California at the time
• Caused by powerlines coming into
contact during high winds
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Motivation of the research
• In general, the research is motivated by the stated problems:
1. Wildfires caused a serious problems on health of respiratory system and
cardiovascular
2. Implement a research in California using a massive wildfires incident in 2017 to see
the effect of smoke on health outcomes
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Research questions
1. Does the wildfires incident increase the number of Emergency Department (ED) visits for
respiratory problem?
2. Does the wildfires incident increase the number of Emergency Department (ED) visits for
cardiovascular health problem?
3. What gender and age groups are mostly affected by the wildfires incident?
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Literatures
• Many studies use PM2.5 or PM10 as an indicator of air pollution level that can cause the
health outcome (Kunzli et. al., 2006, Doubleday et. al. 2020)
• Some studies compares the health outcomes of smoky and non-smoky days (Johnston et.
al., 2011, Faustini et. al., 2015)
• Estimating health effect of air pollution sometimes can be tricky due to endogeneity
problem of policy changes and macroeconomic trends (Sheldon and Sankaran, 2017)
• 2SLS regressions were usually applied to estimate the effect of smoke on health by using
predicted PM2.5 or PM10 as an instrument for air pollution level.
• Studies using DiD approach to estimate the effect of smoke on health outcome in California
are rarely found. I found one study using DiD by Kochi et. al. (2012). They studies the case
of California wildfires in 2003 about the effect of smoke on cardiopulmonary morbidity.
• This study will take advantage of a discrete timing of Thomas Wildfires incident in
December 2017 to implement a DiD approach
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Literatures
• Raid et. al. (2016) found significant increases in asthma hospitalizations, asthma ED visits,
and COPD ED visits as PM2.5 exposure increases during 2008 northern California wildfires
• DeFlorio-Barker et. al. (2019) discovered an increase in cardiopulmonary hospitalizations
among older group ≥ 65 years old caused by smoke in the US 2008-2010
• Kunzli et. al. (2006) found the effect of 2003 smoke on children health including nose, eyes,
and throat irritations; cough; bronchitis; cold; wheezing; and asthma attacks
• Most studies were collected data from wildfires incident before 2017. This study will bring
a fresh case of 2017 wildfires to see health impact of wildfires smoke.
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Main contributions
1. Using a DiD approach to assess the effect of smoke on health outcomes
2. Analyzing a newer case of 2017 wildfires in Southern California
3. Presenting the effect of smoke on health outcomes across different gender and
age groups
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Data collection
• Number of daily ED visits from respiratory and cardiovascular-related causes → Generated
from California Department of Health Care Access and Information (hcai.ca.gov)
• County level data of Daily PM2.5 from Environmental Protection Agency (EPA)
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Treatment group

*Control groups will be decided after getting the complete data of daily ED visits
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Model
𝐻𝑒𝑎𝑙𝑡ℎ = 𝛽0 + 𝛽1 𝑇𝑖𝑚𝑒 + 𝛽2 𝐴𝑟𝑒𝑎 + 𝛽3 𝑇𝑖𝑚𝑒 × 𝐴𝑟𝑒𝑎 + 𝜀

(1)

Where:
• Health = number of daily ED visits from respiratory or cardiovascular-related causes
• Time = 1 if the observation is from after the incident or the study period (12/5/2017 –
12/18/2017), and 0 is otherwise (before)
• Area = 1 if the observation falls in the affected area such as Ojai, Santa Barbara and
Goleta (treatment group), and 0 is otherwise (control group)
• Time x Area = interaction term between time and the treatment group
• ε = error term
*I will also compute regression based on gender and age groups
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Potential issues
• Seasonal endogenous variable such as weather:
▪ Use a control period immediately before the wildfire event started
▪ Use 2-week reference (before and after) because the PM2.5 daily levels after the
incident is between those two periods can be more than 3 times higher.
▪ Initial assumption: ED visits had risen two weeks after the event. I need to make sure
the jump of respiratory and cardiovascular ED visits during that period.
• There might be a lagged health effect of smoke:
▪ I will also calculate the regression using 1 week and 2 week after the study period
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Calculate lagged health effects
𝐻𝑒𝑎𝑙𝑡ℎ = 𝛿0 + 𝛿1 Post1 + 𝛿2 𝐴𝑟𝑒𝑎 + 𝛿3 𝑃𝑜𝑠𝑡1 × 𝐴𝑟𝑒𝑎 + 𝜇
𝐻𝑒𝑎𝑙𝑡ℎ = ϒ0 + ϒ1 Post2 + ϒ2 𝐴𝑟𝑒𝑎 + ϒ3 𝑃𝑜𝑠𝑡2 × 𝐴𝑟𝑒𝑎 + θ
Where:
• Post1 = 1 if the observation is in a week after the study period and 0 is otherwise
• Post2 = 1 if the observation is in two week after the study period, and 0 is otherwise
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Preliminary findings
Data of PM2.5

• 1 out of 5 PM2.5 monitoring stations will
be used in Ventura, while 2 out of 5 PM2.5
monitoring stations will be used in Santa
Barbara

Table 3. Daily mean PM2.5 levels in Ojai,
Santa Barbara, and Goleta
Ojai

SB

Goleta

• A high jump in the PM2.5 levels for 9-13
days in Ojai (Ventura), Santa Barbara, and
Goleta (Santa Barbara)
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Preliminary findings
Data of ED visits

• For now, I got the yearly aggregate data
on the ED visits of
• From this data, there is a rise in the
respiratory ED visits from 2016 to 2017 in
hospitals in Ojai, Santa Barbara, and
Goleta
• I need to get the daily ED visits for both
respiratory and cardiovascular problems
to be able to do the regressions
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Future research
• Conduct the similar research using different cases to get a comparison analysis

• Allow an open area to estimate the economic cost of health impact from this research
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