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Flooding, Landslides, Wildfires, Air Pollution, and Income: Risk in California

Abstract

California is infamously known for its likelihood of environmental hazards such as flooding, landslides, air
pollution, and forest fires which can be attributed to the natural climate of the area as well as
anthropologically influenced climate change. Air pollution also poses potential threats and dangers to the
civilians of California as increasing populations and uses of fossil fuels continue to contribute to the
growing issue of climate change. The goal of this study was to examine and analyze the geospatial trends
environmental hazards in California such as landslides, air pollution, flooding, and forest fires. A weighted
test, zone and slope reclassifications, and quantified tests were conducted in order to study the effects of
climate change on risk level in California. It was found that the greatest air quality and fire risk is located
within Central Valley while fire and landslide risk showed opposite effects. Areas of high environmental
hazard risk and low income were scattered amongst the state but mainly concentrated in the northern
and eastern areas of California.
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Cover Page Footnote

Thank you to professor Rutherford Platt from the Gettysburg College Department of Environmental
Studies for his support of this project. A special thank you is also extended towards Gettysburg College
for the funding and supply of technical equipment for the research process.

This article is available in Gettysburg Social Sciences Review: https://cupola.gettysburg.edu/gssr/vol4/iss1/3


https://cupola.gettysburg.edu/gssr/vol4/iss1/3

Flooding, Landslides, Wildfires, Air Pollution, and Income: Risk
in California

Brittany Bondi and Alyssa Kaewwilai

Gettysburg College

44



Abstract: California is infamously known for its likelihood of
environmental hazards such as flooding, landslides, air pollution, and
forest fires which can be attributed to the natural climate of the area
as well as anthropologically influenced climate change. Air pollution
also posed potential threats and dangers to the civilians of California
as increasing populations and uses of fossil fuels continued to
contribute to the growing issue of climate change. The goal of this
study was to examine and analyze the geospatial trends environmental
hazards in California such as landslides, air pollution, flooding, and
forest fires. A weighted test, zone and slope reclassifications, and
quantified tests were conducted in order to study the effects of climate
change on risk level in California. It was found that the greatest air
quality and fire risk is located within Central Valley while fire and
landslide risk showed opposite effects. Areas of high environmental
hazard risk and low income were scattered amongst the state but
mainly concentrated in the northern and eastern areas of California.

Keywords: GIS, ArcGIS, California, flooding, landslides, air
pollution, wildfires, income, risk assessment, satellite
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Introduction

California has been infamously known for its likelihood of
environmental hazards such as flooding, landslides, air pollution, and
forest fires which could be attributed to the natural climate of the area
as well as anthropologically influenced climate change (Adams et al.
2014; Harris 2017; Montgomery 2018; Hanson 2018). Air pollution
also posed potential threats and dangers to the civilians of California
as increasing populations and uses of fossil fuels continued to
contribute to the growing issue of climate change (Benmarhnia 2017).
Climate change additionally worsens air pollution, as ground-level
ozone (O3) formed through reactions from sunlight and other air
pollutants such as nitrous oxides. Ozone formation further accelerated
under higher temperatures as well (Allen 2014). The effects of climate
change that lead to dangerous natural events such as wildfires in
California oftentimes created positive feedback loops that led to
worsened conditions such as drought or inundation depending on
regional circumstances (Barnard et al. 2018). Exposure to
environmental disasters was also found to increase risk for long-term
mental health disorders such as Post-Traumatic Stress Disorder
(PTSD) and major depression (Lowe et al. 2015). Evidence suggested
that lower income areas may be purposefully placed in locations that
exposed them to more environmental disasters as well as lower air
quality due to factors like environmental racism and a lack of political
change (ESRI and Geiling 2015).

The goal of this study was to examine and analyze the

geospatial trends of environmental hazards in California such as
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landslides, air pollution, flooding, and forest fires. We also compared
the risk of these hazards to average income within California census
tracts. Two research questions were inquired in this study: Where in
California were people exposed to more environmental hazards?
Additionally, were California areas with lower overall annual income

more exposed to environmental hazards?

Methods

In order to analyze risk of environmental hazards in
California on a census-tract scale, we followed modified methods of
Carver, Tricker, and Landres (2013) by creating ranks and weights of
qualities to create a visual representation of a certain characteristics
of the environment. In order to get a holistic perspective of
environmental hazard risk, we quantified the risk of air pollution
(specifically ozone and particulate matter) exposure, landslides,
flooding, and fire by assigning specific properties of the hazards a
risk-ranking from 0 (smallest risk) to 4 (highest risk). To finalize
overall hazards risk, we did a weighted overlay analysis, combining
the four environmental hazards. Finally, we compared individual and
overall environmental hazards risk to income to determine if there
was a relationship between risk and income.

To quantify flood risk, we reclassified the flood zones of
California and assigned them a risk-ranking from 0 to 4 (7able 2). For
the fire quality, we directly used the fire threat raster from the

California Fire Resource Assessment Program (FRAP) that was
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already classified into five classes based on severity of fire threat
(Table 3).

To quantify landslide risk, we first reclassified the slope of
California into a risk ranking (7able 4). To account for the influence
of soil compaction and stability, we reclassified each land
classification in the National Land Cover Database into five classes
(Table 5). Because wildfires loosen soil and increase landslide risk
(Montgomery 2018), we used the overall fire risk as a quality of
landslide risk. To generate a holistic landslide risk character, we
conducted a weighted overlay analysis, giving both slope and fire risk
a weight of 40%, because a landslide is dependent on slope and fires
can significantly increase landslide chances. We gave land cover a
weight of 20%.

To quantify risk to exposure of air pollution in California,
we quantified the risk of exposure to both ozone and particulate
matter PM; s microns. Ozone and particle pollution were selected as
the two indicators of exposure to air pollution due to their direct and
severe effects on human health: ground-level ozone can lead to
respiratory deficiency and asthma while particulate matter can cause
an increase in heart attacks along with other decreased lung functions
(Environmental Protection Agency 2018). We assigned both ozone
and PM;s a risk-ranking based on the amount of each in a daily
maximum 8-hour period (7able 6; Table 7). We then conducted a
weighted overlay analysis of these two pollutants, giving each equal

ranking (50%) due to their high cost to human health.
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To quantify the overall risk of environmental hazards in
California, we conducted a weighted overlay analysis of all four
environmental hazards. Specifically, we gave fire risk a weight of
30% because of the high wildfire frequency of California and flood
hazard a weight of 20% because the semi-arid climate results in little
precipitation to cause much flooding (Barnard et al. 2018).
Meanwhile, we assigned both landslide risk and air pollution risk a
ranking of 25%, as they are subject to change but still have a rather
impactful influence on the natural disasters that could occur within a
given area (Barnard et al. 2018).

In order to analyze the relationship between socioeconomic
class and environmental hazards exposure risk, we used GeoDa to
generate a standardized scatterplot of income versus overall natural
hazards risk within the California census tracts. We selected the
census tracts with both average to below-average income and average
to above-average natural hazards risk so to evaluate spatial
distribution of higher risk, poorer areas. We also created scatterplots
of each of the four individual environmental hazards in comparison
to income to closely analyze any possible correlations between each

of the hazards to income that may affect the overall relationship.

Results

The severity of flood risk varied throughout California, as
the greatest amount of risk lies along a vertical medial line of the state
from the city of Red Bluff to Rosamond within Central Valley. The

lowest areas of flood risk tended to cluster together such as the
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southeastern region of California as well as several areas along the
northern and eastern part of the state (Figure /a.). Areas around the
Central Valley between Red Bluff and Rosamond as well as part of
southeastern California were least likely to be impacted by landslides
and fires (Figure 1b., Ic.). The greatest air quality risk was located
within Central Valley and the amount of risk gradually decreased in
adjacent areas (Figure 1d.).

In regard to overall environmental hazard risks, the areas of
the lowest amount of risk included regions of southwestern California
and a small number of northern areas at the northern end of Central
Valley (Figure 2). The eastern edge of the valley and the southern
areas of the state had the highest overall natural hazard risks (Figure
2). There was not a clear spatial pattern of census tracts with average
to above-average risk and average to below-average income (Figure
3). There was not a clear relationship between any individual
environmental hazard risk and income (Figure 4). There was also not
a clear relationship between overall environmental hazard risk and

income (Figure 5).

Discussion

Flood risk and air pollution risk were highest around the
Central Valley region (Figure la., 1d). Fire risk and landslide risk
were lowest in this region (Figure 1b., Ic.). Overall, the areas in
California with the highest natural hazard risk bordered the Central
Valley region (Figure 2). There was not a clear relationship between

income and any or overall natural hazard risk (Figure 4, Figure 5).
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Figure 2. Overall Natural Hazard Risks in California
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Figure 3. Overall High Environmental Hazard Risks Areas with
Low Income in California
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Figure 4. Scatterplots of Relationship Between Income and the Four
Environmental Hazard Risks of Flood, Fire, Landslide, and Air
Pollution.
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Figure 5. Scatterplot of Relationship Between Income and Overall
Natural Hazard Risk from Flooding, Fires, Landslides, and Air
Pollution.
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