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ABSTRACT OF THE DISSERTATION

Mixed-Method Analyses of Climate Change, Episodic Drought, and Vulnerability to
Valley Fever Outbreaks in California

By
Melissa Nicole-Renwick Matlock
Doctor of Philosophy in Public Health
University of California, Irvine, 2018

Professor Oladele Ogunseitan, Chair

Coccidioidomycosis (Valley Fever) incidence has been steadily increasing in the Southwest
United States. In 2017, the highest record number of cases were diagnosed in the state of
California, surpassing the previous record in 2016 by 34%, sparking a renewed interest in
what is bringing about this increase in incident case counts. Coccidioides species of fungi
grow in the soil and when the spores become aerosolized, they can be inhaled leading to
infection. Previous studies have tried to understand the relationship between Valley Fever

exposure and climate.

The goal of this research is to understand the relationship between climate and Valley
Fever and how this information can assist local public health agencies in communicating
preventive strategies to the vulnerable populations in their local communities. The main
research hypothesis is that the relationship with the climate variables and incidence will
not behave identically in terms of direction or timing across the study area, except for
Precipitation, which is hypothesized to have a positive relationship with cases over the Fall
and Winter months.

xiv



Monthly case data was obtained from the California Department of Public Health, Infectious
Disease Branch, for five California Counties (Study area: Fresno, Kern, Kings, San Luis
Obispo, and Tulare) for 2000-2015 totaling over 37,000 incident cases. To determine how
environmental factors (precipitation, temperature, wind speed, evapotranspiration, Palmer
Drought Severity Index, Particulate Matter 2.5 and 10, and El Nino Southern Oscillation
Index) were related to diagnosed cases, linear and Poisson regression were used to analyze
case counts and incidence rate for 2000-2015. To determine how the relationship between
environmental factors and Valley Fever cases changed due to different hypothesized
exposure scenarios, ten different exposure scenarios were investigated. To determine how
the local public health agencies currently or would like to use climate information in Valley
Fever messages, a qualitative survey and interview to representatives from the Public

Health agencies in the study area were conducted.

This study verified previous findings that the more total season rainfall that occurs during
the Fall and Winter season typically indicates that cases will be higher the following
diagnosis season for each county in the study area. Secondly, the Palmer Drought Severity
Index, found that the drier the soil was in the months before the peak diagnosis season, the
more cases were likely to be diagnosed. Third, most of the cases were diagnosed during La
Nina events, which usually indicates a drier weather environment over California. These
patterns emerged with the different quantitative methods and the different exposure
periods, where the other environmental variables did not have this same consistency.

Lastly, the Public Health Agencies in the study area would like to see climate information

XV



tailored in a way to allow Behavior Adaptation messaging like bad air quality days or the

risk level for the upcoming flu season.
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INTRODUCTION

Coccidioidomycosis (Valley Fever) is an illness that develops from breathing in Coccidioidomycosis fungal spores
that grow several inches in the soil (Hector (2005), Nguyen (2013)). Disease occurs in most cases when the soil gets
disturbed and the fungal spores get aerosolized and inhaled. The spores are endemic to the southwest United States
(primarily Arizona and California), parts of Mexico, and parts of South America (Galgiani (1999)). California, the
state with the second highest incidence in the United States, does not have equal magnitude of Valley Fever
incidence throughout the state. Figure 1.1 shows that a majority of the cases occur in Central California and
primarily among the counties of Fresno, Kern, Kings, San Luis Obispo, and Tulare.

Figure 1.1: Map of Valley Fever Cases in California from 2000 - 2017
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Data on Coccidioidomycosis is limited due to variations in state reporting, testing practices, and misunderstanding
of the disease. It is estimated that 10-50% of those living in endemic areas have been exposed to some form of the
fungal pathogen, Coccidioides immitis, or Coccidioides posadasii and each year, approximately 150,000 new cases
is estimated occur in the United States (Converse (1966), Ampel (1998)).

Listed on the Centers for Disease Control (CDC), Coccidioidomycosis symptoms are similar to the flu; fatigue,
cough, fever, headache, rashes, shortness of breath, muscle aches or join pain, and night sweats (CDC). Valley Fever
is diagnosed based on symptoms present coupled with a physical exam. Health providers will take a blood sample
and send it to a lab and a positive text result will indicate the presence of Coccidioides antibodies or antigens (CDC).

A chest x-ray may also be required.



The incubation period for Coccidioidomycosis is on average 14 days (Ampel (1998), Kolivras (2003), Park (2005),
Comrie (2005), Tamerius (2011)). The symptom onset to diagnosis period is on average 60 days ((Ampel (1998),
Kolivras (2003), Park (2005), Comrie (2005), Tamerius (2011)). For approximately 60% of diagnosed cases, the
disease will go away in a few months without the need for treatment (Filip (2008), Huang (2012)). However, those
with more severe symptoms will typically be treated by their healthcare provider. Although typically treated with
various antifungals, such as Amphotericin B deoxycholate (.5-1.5 mg/kg per day), lipid formulations of
Amphotericin B, which can be easier to absorb (2-5 mg/kg daily), Ketoconazole (400 mg daily orally), Fluconazole
(400-800 mg/day orally), Itraconazole (200 mg twice per day or 3 times orally), there is no cure for the disease
(Lawrence (1976), Filip (2008), Huang (2012)). Patients are typically prescribed antifungals for 3-6 months and
hospitalizations are common.

2017 had the highest amount of Coccidioidomycosis cases on record, surpassing the previous high year of 2016 by
an estimated 34% (Sondermeyer Cooksey (2017)). Many researchers and healthcare providers do not know why the
disease has increased incidence (Sondermeyer Cooksey (2017)).

Coccidioidomycosis and Climate

The ecological niche for the fungal causative agents of Coccidioidomycosis is defined by arid, desert areas where
spores are found in lower elevations, 4 inches or more under sandy soil ((Hector (2005), Nguyen (2013))). The
fungus is endemic in climatic regions with less than 20 inches of rain per year. The most common opportunity for a
person to become infected is when the soil is disrupted by construction of civil infrastructure, including roads and
building, or by natural environmental events such as earthquakes, landslides, and dust storms; examples of episodic
outbreaks following such disruptions are extensively documented in the published literature (Pappagianis (1978),
Flynn (1979), Comrie (2007), Sprigg (2014), Benedict (2014)).

The occurrence of dust storms, relatively frequent in the Southwest U.S., has also been linked to increased
Coccidioidomycosis incidence. There have been several massive outbreaks of this disease in the last two decades. In
1977, a dust storm, covering 90,000 km?, originated in Bakersfield and brought the disease to Sacramento, where
115 new cases were diagnosed (Pappagianis (1978), Comrie (2007), Sprigg (2014), Benedict (2014)). In January
1994, the 6.7 Northridge Earthquake in California disturbed the soil and as a result of the magnitude, aftershocks,
and subsequent landslides, Coccidioidomycosis fungi became aerosolized and dispersed (Flynn (1979), Sprigg
(2014), Benedict (2014)). 203 cases were identified in Ventura County, but Coccidioidomycosis was not the original
diagnosis (Benedict (2014)). With further understanding of the relationship between dust exposure and incidence,
future impacts could be mitigated through better understanding of the exposure risks and pathways.

From the 1950s, climatic factors, particularly precipitation, were considered to have a “Grow and Blow” Effect on
the Coccidioides immitis spores (Egeberg (1956), Hugenholtz (1957), Maddy (1965), Jinadu (1995), Stevens
(1995)). The “Grow and Blow” Effect hypothesizes that in order for the fungal spores to germinate, there needs to
be an increase in soil moisture. Then, a dry period needs to occur to make the soil loose and easily disturbed by wind
in order to disperse the spores for inhalation (Egeberg (1956), Hugenholtz (1957), Maddy (1965), Jinadu (1995),
Stevens (1995)). Temperature is also said to have a role in the exposure of these spores. During dry, hot periods,
temperature is said to sterilize the topsoil, reducing the competition against the Coccidioides immitis spores (Maddy
(1965), Maddy (1957)). However, statistically analyzing this relationship did not occur until the 2000s. Several of
these studies found the roles of climatic factors on incidence to not be fully understood.

Purpose and Research Questions

This dissertation is designed to understand the relationship between climate and Valley Fever and how this
relationship can be utilized in Public Health Agencies for the California counties of Fresno, Kern, Kings, San Luis
Obispo, and Tulare (study area).

This dissertation will answer the following questions:

o What does the Valley Fever data look like in the California counties of Fresno, Kern, Kings, San Luis
Obispo, and Tulare?



What climate relationships are found to have a significant relationship with Valley Fever cases?

How do the results regarding the relationship between climate variables and Valley Fever cases change
when using local climate information versus averaging county-wide?

How do the results regarding the relationship between climate variables and Valley Fever cases change
when using different published study methodologies regarding Exposure Month?

How do the results regarding the relationship between climate variables and Valley Fever cases change
when using different published study methodologies regarding statistical regression methods?

How can the information generated in this dissertation be communicated to Public Health agencies
regarding the relationship between climate and Valley Fever?



Chapter 1

Climate factors and Coccidioidomycosis: an annotated bibliography and a
systematic review of quantitative modeling approaches

Background

Public health preparedness benefits from the development of location-specific models for disease outbreaks and the
development of community based education, and interventions that target vulnerable populations to decrease risk.
However, when working with data that has seasonal variation, such as climate, crosses governmental boundaries,
such as dust, and involves a disease that manifests itself differently and is often misdiagnosed, how does using
different methods vary the results? What important factors need to be included?

The purpose of this systematic review is critically to examine the methods used to conduct these analyses on
Coccidioidomycosis’s relationship with climate and dust. With a focus on research methodologies for developing
statistical models on Coccidioidomycosis, this review will focus on the statistical methods involved, the variables
that have been studied, key findings, and data issue trends involved in studying the relationship between
Coccidioidomycosis and climate.

The objectives of this review are to determine the current standing of Valley Fever research and guide the overall
methods and information chosen in the research questions described in the Introduction.

This review will address the following questions:

1. Do study results support the prominent “Grow and Blow” Effect Hypothesis of Coccidioidomycosis
incidence?

2. What climate variables are being used to test the Hypothesis?

3. Is there consistency in the methodology used to test the Hypothesis?

4. How do variations in methods, selected environmental parameters, and scale influence the reliability of the
study estimates?

5. What are common trends and suggestions for future research?

Methods

The methodology for this systematic review follows the Preferred Reporting Items for Systematic review and Meta-
Analysis Protocols (PRISMA-P). The topic of this systematic review was explored in the International Prospective
Register of Systematic Reviews (PROSPERQ). No reviews on Valley Fever or Coccidioidomycosis have been
registered in that system. On May 4, 2018, this review was submitted to PROSPERO, ID # 95737. The submission
is under review.

Eligibility Criteria
The eligibility criteria used to develop the inclusion criteria for this study is divided into two main characteristics:
Study and Report.

For the study characteristics, all time periods, all populations, all climate variables, and all statistical methods were
included. This is due to the small quantity of studies published on this disease related to modeling the disease.

For report characteristics, all years, all languages, and all publication types were included. Although all languages
were considered, the search results only showed English articles. For most sources, published reports were only
produced in the search results. However, if a presentation or poster related to the disease was found on Google
Scholar, further research was conducted to determine if there was a relevant publication. If not, the presentation or
poster would be included.



Due to the small quantity of studies conducted on this subject, there were no articles excluded.

Information Sources
A literature search was conducted in December 2016 and a follow-up search was conducted in January 2018.

Using the key words described in the search strategy, Google Scholar, PubMed, and the University of California
electronic library system were used to search for literature on modeling climate and Coccidioidomycosis disease.

Search Strategy
A literature search was conducted in December 2016 and a follow-up search was conducted in January 2018.

Keys terms included “Coccidioidomycosis,” “Valley Fever,” “Coccidioidomycosis model,” “Coccidioidomycosis
predictive model,” “modeling Coccidioidomycosis incidence,” “Coccidioidomycosis statistics,”
“Coccidioidomycosis and climate,” “quantitative modeling approaches,” “Valley Fever model,” “Valley Fever
predictive model,” “modeling Valley Fever incidence,” “Valley Fever statistics,” and “Valley Fever and climate.”

Using the key words described above, Google Scholar, PubMed, and the University of California electronic library
system were used to search for literature on modeling climate and Coccidioidomycosis disease.

References and citations of the articles identified were checked to ensure that all relevant articles were included.
These key terms also highlighted articles focused on risk factors, not related to climate. Articles identified through
the search were included if they contained statistical methodology related to estimating relationships between
variables.

Study Records

Data Management
Due to the small amount of studies related to this topic (search criteria only produced 45 studies), a simple Microsoft
Excel database was used to manage records and data throughout the review.

Selection Process

As there were no exclusion criteria, all articles were selected. There were 45 papers that appear in the search criteria.
Out of those 45, only 30 were related to the disease of Cocciodiodomycosis/Valley Fever. The 15 that were
excluded shared similar names like Rift Valley Fever or methodological similarities in the search words, but were
for other diseases.

Data Collection Process

I developed a list of information needed to accomplish the intended outcomes of this study in Microsoft Excel. Each
article was reviewed and their information was placed into the appropriate category in the Microsoft Excel database.
The information of interest was an iterative process after the initial list was developed in the beginning.

Data Items

The variables of interest can be divided into three main categories: ecological niche, risk factors related to human
traits, and environmental/climate factors. The risk factors related to human traits include variables such as gender,
ethnicity, age, immunosuppression, body mass index (BMI), and military profession. The environmental/climate
factors include precipitation, wind, dust, temperature, palmer drought severity index, and the normalized difference
vegetation index. There were no pre-planned data assumptions and simplifications.

Outcomes and Prioritization
There are four main outcomes of the intended study:

1) Side by side comparison of the studies to highlight the inconsistencies in studying the disease;

2) Highlight the discrepancies of the disease analyses;



3) Discuss the reliability of the results;

4) Discuss how future studies should approach these issues.

Risk of Bias in individual studies
As this review is addressing the methodology of the studies, bias is limited.

Data Synthesis
Results of the studies will be qualitatively synthesized as initial results indicate the studies are non-homogenous.
They will be synthesized based on three main criteria:

1) Data Integrity - discussing the location of the analysis, scale of the analysis, and if an exposure estimation was
applied for each study;

2) Environmental determinants - discussing the variables used in each study, whether or not the study applied a
variable lag, and the findings;

3) Analytical approaches - discussing the different methodologies applied to the studies.

Meta-bias
There is no planned assessment of meta-bias.

Confidence in Cumulative Evidence

The subject materials studied in this review are all observational studies. On several systems used for assessing the
body of evidence, these studies automatically start off in the lowest category (“4 Standards for Synthesizing the
Body of Evidence” (2011)). This review will utilize the Agency for Healthcare Research and Quality system for
assessing the body of this review. There are four categories: high, moderate, low, and insufficient. The high category
reflects high confidence that the evidence reflects the true effect. Future research is unlikely to change the estimate
of the effect. The moderate category reflects moderate confidence that the evidence reflects the true effect. Further
research may change the confidence in the estimate or the estimate itself. The low category reflects low confidence
that the evidence reflects the true effect. Further research may change the confidence in the estimate or the estimate
itself. The insufficient category states that the evidence is either unavailable or does not permit a conclusion (“4
Standards for Synthesizing the Body of Evidence” (2011)).

Annotated Bibliography

Ecological Niche

Baptista — Rosas et al. (2007) used Genetic Algorithm for Rule Set production (GARP) to model the environmental
niche for Coccidioidomycosis spores throughout the endemic region of California, Arizona, Texas, Baja California,
and Mexico. They utilized 19 climate layers with a square kilometer spatial resolution to understand the niche.
These climate variables included seasonality of climate variables, annual precipitation, annual temperature, and
quarterly estimates like mean temperature of the warmest quarter.

Lauer et al. (2012) and Lauer et al. (2014) utilized soil characterization and soil samples around Bakersfield to
determine the ecological niche of Coccidioidomycosis spores. They detected the spores at locations that are in non-
agricultural land, that have 33% of sand, clay, and silt. They were also said to live in a pH between 7.8 and 8.5.

Vargas - Gastelum et al. (2015) studied fungal diversity in two different microhabitats. Their nested Polymerase
Chain Reaction (PCR) approach revealed a higher prevalence in burrows as compared to undisturbed soil.

Risk Factors
Gray et al. (1998) used hospital case data to determine risk factors of Coccidioidomycosis among Navy and Marine
Corps personnel in the United States for 1981-1994. They studied the relationships using univariate risk factor



associations and multiple logistic regression. Using logistic regression, risk factors identified were age group,
paygrade, race/ethnicity, and year of service.

Muir Bowers et al. (2006) studied the frequency and degree of fatigue associated with Coccidioidomycosis at the
Valley Fever Clinic at the Southern Arizona Veterans Affairs Healthcare System utilizing the Mann-Whitney U test,
Pearson Chi-Squared test, and Logistic regression. They found that severe fatigue was common with declining BMI.

Chen et al. (2007) mailed a survey to 7,608 healthcare providers in October and December of 2007. They used
logistic regression to study predictors related to knowledge and treatment practices of Coccidioidomycosis. Their
research concluded a significant relationship with healthcare providers receiving continued medical education in
Coccidioidomycosis.

Flaherman et al. (2007) used hospital data from 1997 — 2002 to understand risk factors in California. Using
multivariate Poisson regression, they confirmed well-known risk factors of African Americans, middle and older
age, and pregnancy.

Blair et al. (2008) compared demographic characteristics, results of diagnostic tests, outcomes of the illness,
treatment, and manifestations of Coccidioidomycosis for elderly people. Univariate logistic regression found
immunosuppression as the risk factor.

Lee et al. (2008) conducted a retrospective epidemiologic study on Coccidioidomycosis incidence at a Naval Base in
Kings County from 2002 — 2006. Using Logistic Regression, they found a higher risk among active duty members.

Stern et al. (2010) compared case rates for young adults at the University of Arizona, specifically scholarship
athletes. They found little susceptibility is attributed to increased exercise or athletic trainings.

Sondermeyer et al. (2013) used the California Patient Discharge Data Set for 2000 — 2011 and looked at risk factors
associated with patient information. Using negative binomial regression analyses, they found that male sex, African
Americans, Hispanics, and older age groups have higher risks for hospitalization.

Guevara et al. (2015) studied population surveillance data for Los Angeles County for 1973-2011. They found
“being in an area in sight of construction and being in an area in sight of earth excavation had the strongest
associations” and the housing boom had an influence.

Predictive Models
Smith et al. (1946) found that incidence on four army air fields in the San Joaquin Valley in California were highest
during a dry summer and autumn.

Park et al. (2005) analyzed the effect of climate factors (precipitation, temperature, Palmer Drought indices,
Particulate Matter (PM) 10, and wind speed) on month incidence that was lagged 1 month. Using a Poisson
Regression, they found significant relationships with precipitation 7 months prior, temperature 3 months prior, and a
proportion of rainfall.

Kolivras et al. (2003) utilized temperature, precipitation, and the Palmer Drought Severity Index (PDSI) to estimate
incidence in Pima County, AZ. They found that winter climate variables were important and winter temperature and
precipitation appeared frequently in their models.

Comrie et al. (2005) and (2007) investigated precipitation and PM 10 under a linear regression model to understand
monthly exposure in Pima County, AZ. They found that elements of the changes in incidence can be explained by
climate variability, the underlying trends do not align with the climate data (Comrie 2007). Comrie et al. (2005)
found that the four seasonal models explained significantly high proportions of exposure variance. The Wet to Dry
sequence did not have the strongest relationships.



Zender et al. (2006) utilized the Generalized Autoregressive Moving Average (GARMA) method in Kern County,
CA to determine that precipitation anomaly was significant for 8 months, but only explaining 4% of the monthly
variability. For data from 1996 — 2002, wind speed 5 months antecedent was significant with incidence.

Talamantes et al. (2007) investigated precipitation, temperature, and wind speed under a GARMA methodology to
understand weekly incidence. They found that weather was not needed, but knowing incidence at weeks 1, 2, 4, and
26 was significant for Kern County, CA. Another Talamantes et al. (2007) study also used GARMA to see if they
could predict the stochastic shocks in Coccidioidomycosis incidence in Kern County, CA. They found their model
could not predict the incidence.

Stacy et al. (2012) conducted stepwise regression analysis for concurrent and lagged Normalized Difference
Vegetation Index (NDVI) to Coccidioidomycosis incidence for Pima, Pinal, and Maricopa counties in Arizona.
Stacy et al. (2012) found incidence peaks in May-July and October-November correspond generally with dry soils.

Sprigg et al. (2014) studied the effect of a Haboob dust storm on July 5, 2011 on new cases in Phoenix, AZ. They
discovered that increases in Coccidioidomycosis incidence do not require an extreme weather event to occur.

Gorris et al. (2018) analyzed Valley Fever incidence across the Southwest United States for 2000-2015. Using a
combination of linear and non-linear regression, they looked at temperature, precipitation, surface dust, NDVI, soil
moisture, and cropland index and they found that higher Valley Fever incidence in the fall occurs in years with a
cool, wet, and productive spring growing seasons.



Table 1.1:

Time
Period

Summary of Literature found relating Factors to Coccidioidomycosis

Region

Dependent Variable

Variables of Interest

Methodology

Findings

Gorris (2018) 2000 -  Southwest USA  Incidence Surface air Linear and Higher autumn valley
2015 temperature, non-linear fever incidence in years
precipitation, soil regression with cool, wet, and
moisture in the top productive spring
10 cm, surface dust growing seasons
concentration,
normalized
difference vegetation
index, and cropland
area
Guevara 1973 - Los Angeles Surveillance data, uses 1-  Outdoor exposures, Pearson Significant with
(2015) 2011 County, CA 4 weeks as exposure ethnicity, travel, correlation construction activities
period occupation coefficients and earth excavation
Vargas — 2015 Baja CA Soil count Microhabitats Repeated Higher prevalence in
Gastelum Measure burrows
(2015) ANOVA
Sprigg (2014) 2011 Phoenix, AZ Cases July 5" dust storm DREAM dust Extreme weather events
model do not lead to higher
risk of disease
Lauer (2012) 2008 Kern County, Ecological Niche Soil parameters Landsat-5- Found in the
(2014) CA Thematic- Bakersfield area at
Mapper locations that are non-
agricultural and have
about equal parts of
sand, clay, and silt (clay
loam), a pH between
7.8 and 8.5, an
available water capacity
of about 0.15- 0.2
cm/cm, a water content
of about 30% (1/3 bar),
an available water
supply (0-25 cm) of 4-
5cm
Sondermeyer 2000- CA Hospital data Sex, age group, Negative Significant factors: that
(2013) 2011 race/ethnicity, Binomial male sex, older age
county, region of Regression group, and African
patient residence Analysis American and Hispanic
race/ethnicities
Stacy (2012) 1995-  Pima, Pinaland ~ Monthly incidence NDVI Regression Incidence peaks in
2006 Maricopa estimated with May-July and October-
counties, AZ incubation period and November correspond
further offsets generally with dry soils
Stern (2010) 1998 - University of Scholarship Athletes N/A Incidence rates  Not more susceptible
2006 Arizona
Blair (2008) 1999 -  Scottsdale, AZ Elderly people Case data  Patient factors Logistic Immunosuppression
2003 Regression
Lee (2008) 2002 -  Kings County, Naval Base Case data Patient factors Logistic Active duty members
2006 CA Regression
Flaherman 1997 - CA Hospital discharge data Patient factors Poisson Risk Factors identified:
(2007) 2002 regression African Americans,
Middle and older age,
pregnancy
Baptista- 2007 Endemic Region  Ecological Niche 19 Climate Layers Genetic Identified more areas
Rosas (2007) Algorithm for ~ with
Rule Set Coccidioidomycosis
Production spore presence
(GARP)
Talamantes 1980 -  Kern County, Weekly Incidence Precipitation, Generalized Weekly incidence at
(2007) 2002 California Temperature, wind Autoregressive  times t-k, where k =1,
speed Moving 2, 4, 26 weeks
Average
(GARMA)
Talamantes 1995- Kern County, Weekly case data Temperature, GARMA Model fall short
(2007) 2003 CA normalized by precipitation, and




Table 1.1: Summary of Literature found relating Factors to Coccidioidomycosis

Region Dependent Variable Variables of Interest ~ Methodology Findings
population wind speed
Comrie (2007) 1991 -  Pima County, Monthly case data — with  Precipitation and Multiple Climate variability is
2006 Arizona report lag confirmations PM 10 Linear not causing incidence
and disease onset Regression trend
Chen (2011) 2007 AZ Healthcare providers Knowledge and Logistic Need for educational
treatment practices Regression campaign for healthcare
providers
Zender (2006) 1980-  Kern County, Monthly cases Precipitation, Wind GARMA Precipitation anomaly 8
2002 CA speed, Temperature, months antecedent
and Surface Pressure
Muir Bowers 2006 AZ Fatigue Patient factors Mann- Severe fatigue in
(2006) Whitney U Coccidioidomycosis
test, Chi patients tied to lower
Squared, BMI.
logistic
regression
Comrie (2005) 1992-  Pima County, Monthly case data— with  Precipitation and Multiple All 4 models significant
2003 AZ report lag confirmations PM 10 Linear
and disease onset Regression for
4 seasonal
models
Park (2005) 1998 -  Maricopa Monthly case data — Rainfall, drought Poisson Cumulative rainfall
2001 County, AZ lagged 1 month indices, wind speed,  Regression during the previous 7
temperature months, the average
temperature during the
previous 3 months, dust
during the previous
month, and the
proportion of rainfall
during the previous 2
months divided by
rainfall during the
previous 7 months
Kolivras 1948 -  Pima County, Monthly data Temperature, Multiple Winter climate
(2003) 1998 AZ precipitation, PDSI Linear conditions
Regression
Gray (1998) 1981-  Navy and Hospital data Age group, length of  Logistic Significant risk factors:
1994 Marine Corps service group, Regression age group, length of
Personnel race/ethnicity, year and Univariate  service group,
of service, gender, analyses race/ethnicity, and year
branch of service, of service
paygrade
Smith (1946) 1942 - San Joaquin Cases lagged 30 days Precipitation Regression Incidence is highest in a
1945 Valley, CA dry summer and
autumn
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Results

No two studies on understanding the relationship between Coccidioidomycosis and climate are the same and only
one study actually supports the highly referenced “Grow and Blow” Effect Hypothesis. From the 1950s, climatic
factors, particularly precipitation, were considered to have a “Grow and Blow” Effect on the Coccidioides immitis
spores (Egeberg (1956), Hugenholtz (1957), Maddy (1965), Jinadu (1995), Stevens (1995)). In order for the fungal
spores to germinate, there needs to be an increase in soil moisture. Then, a dry period needs to occur to make the soil
loose and easily disturbed by wind in order to disperse the spores for inhalation (Egeberg (1956), Hugenholtz
(1957), Maddy (1965), Jinadu (1995), Stevens (1995)). Temperature is also said to have a role in the exposure of
these spores. During dry, hot periods, temperature is said to sterilize the topsoil, reducing the competition against the
Coccidioides immitis spores (Maddy (1965), Maddy (1957)). The findings in the various research presented are not
consistent and do not support that Hypothesis.

Coccidioidomycosis Data Integrity
Table 1.2 lists the 22 published articles that utilize case data in their statistical modelling efforts. The remaining 3
sources out of the total 25 included in this study use Coccidioidomycosis spore counts in their models.

Ten of the publications describe studies conducted in communities in Arizona. Data for Pima County, AZ ranged
from 1948 — 2006 and Maricopa County, AZ ranged from 1995 — 2006. Five of the studies estimate case exposure.
Two of those studies, by Comrie et al., used two lag periods: the Incubation period lag with a 12.6 day average and
the Onset to Report Lag with a 43 day average. Tamerius et al. study indicated that the average Onset to Diagnosis
average is 209 days (median of 55 days). Incubation period was not used. Stacy et al., used a 14 day incubation
period. Diagnosis date reported was also used as an offset for those cases lacking that information. Park et al. used
one month lag time.

Nine of the articles describe studies conducted in California communities, 4 of which involved military facilities
and/or special populations. Only one study, conducted in 1946, accounted for a lag time of 30 days in estimating
exposure.

One the major data integrity limitations in the various studies is the estimation of exposure date for the disease
cases. Many studies do not address the incubation period of the disease. For those that do, the incubation period is
not estimated the same. The same can be said for the symptom to diagnosis lag. How do the results vary by using a
14 day incubation period versus a 1 month period estimate? How do the results vary by adding 58 or 43 days to the
incubation period? It leads to questioning how these discrepancies influence the ability to properly estimate the crux
of these studies, the dependent variable. The next section discusses climate variables, where all studies lagged their
climate variables. Is lagging the climate variables capturing the same relationships as those studies that lagged their
data by 43 days and then used climate variables? Does accounting for different incubation and other lags alter the
variability of the data sets?

Table 1.2: Summary of the Type of Studies Involving Coccidioidomycosis Case Data

Reference Region # of Cases Data Type
Included
Arizona
Sprigg (2014) 2010-2011 Phoenix, AZ N/A Case
Stacy (2012) 1995 -2006  Pima, Pinal, and N/A Monthly incidence Incubation period and Onset to
Maricopa County, diagnosis lag included
AZ
Tamerius (2011) 1995-2006 Pimaand Maricopa 23,599 Case data Generated monthly exposure
County, AZ with lag times
Stern (2010) 1998 - 2006  Pima County, AZ 16 Scholarship Athletes
Talamantes (2007) 1998-2001 Maricopa County, N/A Monthly Incidence
AZ
Comrie (2007) 1991-2006 Pima County, AZ N/A Monthly summary case ~ Aggregated to seasonal level

counts based on exposure, onset, and
report lag times
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Reference

Region

# of Cases

Data Type

Included

Muir Bowers (2006) 2005 AZ 48 Southern Arizona
Veterans Affairs
Healthcare System
Park (2005) 1998-2001 Maricopa County, 5399 Cases Cohort study of exposure;
AZ lagged one month
Comrie (2005) 1992 - 2003  Pima County, AZ 3,283 Seasonal data Onset lags included
Kolivras (2003) 1948 - 1998  Pima County, AZ 10,000+ Monthly data
California
Guevara (2015) 1973-2011 Los Angeles 3,338 Population surveillance
County, CA data
Sondermeyer (2013) 2000 - 2011  California 25,217 California Patient Hospitalization rate per
Discharge Data set 100,000 population
McCarty (2013) 2010-2011 Children’s Hospital ~ 33 children under  Cases
Central California 17 years old
Blair (2008) 1999 - 2003  Scottsdale, AZ 396 Patients > 60 Retrospective review
Lee (2008) 2002-2006 Kings County, CA 82 Naval Base Retrospective epidemiologic
study
Talamantes (2007) 1995-2003 Kern County, CA N/A Weekly cases Incidence
Flaherman (2007) 1997 - 2002  CA State 7,457 Hospital Discharge
Data
Zender (2006) 1980 - 2002  Kern County, CA N/A Monthly case data
Smith (1946) 1941 -1945  SanJoaquin Valley, 178 Army Air Forces Exposure 30 days prior
CA
United States
Gorris (2018) 2000-2015 Southwest USA N/A Monthly incidence
Gray (1998) 1981-1994 Navy and Marine 155 Hospital data
Corps personnel

Environmental Determinants of Coccidioidomycosis
Another major limitation of the presented research is the inconsistency in the variables used to understand the

climate factors.

Table 1.3 highlights the 16 studies found that try to understand the relationship between Coccidioidomycosis and
climate factors. Only 3 of these studies have taken place in California and the two that utilized case data have only
been conducted in Kern County, CA.

In comparing the studies, no two studies use the same environmental variables of interest, except two studies that
look at the animal microhabitats and the studies conducted by Talamantes et al., both published in 2007.

Only Talamantes et al. conducts two studies similarly in California and Arizona. Talamantes et al. uses
precipitation, temperature, and wind speed as their environmental variables of interest. 6 studies look at how dust
affects Coccidioidomycosis cases, but the proxy variables of dust vary from studying PM 10, specific dust events,
and wind speed. 3 studies, all taking place in Arizona, studied how soil moisture effects Coccidioidomycosis with
one using NDVI and the other two utilizing PDSI. 7 studies researched the relationship between precipitation and
Coccidioidomycosis and 6 studies researched the relationship with temperature.

All studies, except those focusing on mapping spores by studying microhabitats, lagged their climate variables. 4
studies found that their variables of interest did not have a significant effect on understanding the relationship with
Coccidioidomycosis case data. Only 1 study supported the “Grow and Blow” Effect Hypothesis.

2 studies found a more complex relationship with the lagged variables. For these two studies, the one in California
saw a precipitation lag of 8 months prior in Kern County and the one in Arizona saw a precipitation lag of 7 months
prior in Maricopa County.

How does trying to prove the “Grow and Blow” Effect limit the ability of these researchers to find new relationships
to Coccidioidomycosis exposure? Why are all the climate variables and different measuring methods that cover the
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study area not included in the research? Does only looking at variables related to the “Grow and Blow” Effect have
a sufficient amount of evidence to methodically eliminate other climate variables?

Table 1.3: Summary of the Type of Studies Involving Predicting Coccidioidomycosis Using
Environmental Variables

Reference

Gorris

Endemic

Factors

Surface air temperature,

Variable
Lagged?

Findings

Higher autumn valley fever incidence in years with cool, wet,

(2018) Area precipitation, soil moisture in and productive spring growing seasons
the top 10 cm, surface dust
concentration, normalized
difference vegetation index,
and cropland area
Vargas- Endemic Microhabitats No Found in burrows
Gastelum Area
(2015)
Sprigg Arizona Haboob event No Cases do not require an extreme weather event to cause infection
(2014)
Lauer (2014)  California  Microhabitats No Found in the Bakersfield area at locations that are non-
and (2012) agricultural and have about equal parts of sand, clay, and silt
(clay loam), a pH between 7.8 and 8.5, an available water
capacity of about 0.15- 0.2 cm/cm, a water content of about 30%
(1/3 bar), an available water supply (0-25 cm) of 4-5 cm, and a
Cation Exchange Capacity (CEC7) of over 20 milliequivalents
per 100 grams
Stacy (2012)  Arizona NDVI Yes Incidence peaks in dry soils and low periods of incidence are in
wet soils
Tamerius Arizona Temperature, relative humidity,  Yes Corroborates Grow and Blow Effect
(2011) wind speed, mean wind vector,
soil temperature, vapor
pressure, precipitation, solar
radiation
Baptista- Endemic 19 Climate layers derived from  No Identified more areas with the presence of Coccidioidomycosis
Rosas (2007)  Area monthly temperature and spores
rainfall
Talamantes Arizona Precipitation, temperature, and ~ Yes Weather parameters were not required
(2007) wind speed
Talamantes California  Temperature, precipitation,and  Yes Model falls short in estimating stochastic shocks
(2007) wind speed
Comrie Arizona Precipitation and PM 10 Yes Climate variability is not causing incidence trend
(2007)
Zender California  Precipitation, wind speed, Yes Precipitation anomaly 8 months prior
(2006) temperature, surface pressure
Comrie Arizona Precipitation, seasonality, PM Yes Not a simple wet-dry sequence in the immediate season before a
(2005) 10 rise in cases
Park (2005) Arizona Rainfall, drought indices, dust Yes Cumulative rainfall for previous 7 months, previous 3 month
permits, wind speed, average temperature, previous month dust, portion of rainfall
temperature, PM 10 (previous 2/previous 7)
Kolivras Arizona Temperature, precipitation, Yes Winter climate conditions appear to be important incidence
(2003) Palmer Drought Severity Index predictors
(PDSI)
Analytical Approaches

A third major limitation of the presented research is the analytical approaches conducted. Out of 22 studies on
Coccidioidomycosis and its’ relationship to various risk factors, there are 8 different mathematical methodologies
applied to the studies. Those that do use the same statistical methods are all coauthors on the other papers using the
same methods. Table 1.4 shows the various model methods and the studies that utilize those methods to make their

conclusion.
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Coccidioidomycosis case data include weekly and monthly sums based on diagnosis date. Climate data is a time
series. How do these results vary if we conducted the same study using a different statistical method?

Table 1.4: Summary of the Type of Studies and their Statistical Methodologies

Statistical Methods Studies |

Generalized Autoregressive Moving Average (GARMA) Talamantes (2007); Talamantes (2007); Zender (2006);

Multiple Linear Regression Comrie (2007); Comrie (2005); Stacy (2012); Kolivras (2003);
Gorris (2018)

Multiple Non-Linear Regression Gorris (2018)

Multivariate Poisson Regression Park (2005); Flaherman (2007);

Multiple Logistic Regression Gray (1998); Chen (2011); Blair (2008); Muir Bowers (2006);

Multivariate Negative Binomial Regression Sondermeyer (2013);

Bivariate Lag Correlation Matrix Tamerius (2011)

Univariate risk factor associations Gray (1998); Guevara (2015); Lee (2008); Muir Bowers (2006);

Discussion

Coccidioidomyecosis is a complicated disease to understand and try to predict. Although there are methodological
limitations with the results of various studies that limit the strength of the findings, this research provides an attempt
to analyze in-depth Coccidioidomycosis and its relationship with then environment. Without these studies bringing
the research community’s awareness to this disease, the medical community and treatments for the disease would
not be where it is today and thousands more people could have been impacted by this disease.

Summarizing the results in terms of the objectives stated at the beginning of the study, these studies show a
consensus that the “Grow and Blow” Hypothesis is not the finding from a majority of the studies. There is no
consistency between the climate variables used to test the Hypothesis and the statistical methodology involved.

With no true consensus on the results and methods, the reliability and confidence in the evidence of the results is
very low. Using the Agency for Healthcare Research and Quality system for assessing the body of this review, the
findings would be insufficient, the findings do not permit a conclusion on the relationship between climate and
Coccidioidomycosis and it seems that the true effect has not been discovered yet.
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Chapter 2

Exploration of Valley Fever Cases and Creating Exposure Period Estimates

This chapter will focus on defining the variability and seasonal patterns of Valley Fever data for the five counties in
the study area (Fresno, Kern, Kings, San Luis Obispo, and Tulare). In addition, the results analyzed demographic
risk factors for the study area. Lastly, this chapter will discuss the creation and variability of exposure scenarios.

Data Request

This analysis examined Valley Fever cases that occurred between 2000 and 2014 in the California counties of
Fresno, Kern, Kings, San Luis Obispo, and Tulare. The Health and Human Services Agency (HHS) collects a two-
page description on every case that is diagnosed in each County.

My data request to the California Department of Public Health (CDPH), Infectious Diseases Branch, Surveillance &
Statistics Section, provisional infectious diseases Data Requested - November 12, 2017, requested zip code,
ethnicity, age, gender, pregnant, country of birth, occupation or job title (not a checklist), occupational or exposure
setting (food service, day care, health care, correctional facility, school, other), date of onset, date of first specimen
collected, date of diagnosis, reporting health care provider, reporting health care facility, report submitted by, date
report submitted, and laboratory test conducted.

Institutional Review Boards

Due to the Personal Identifying Information (PI1) of this data request, this research study protocol was submitted and
approved by the University of California, Irvine’s Institutional Review Board (IRB) (Project Number HS#2016-
3231, January 12, 2017) and through the California Department of Public Health’s Institutional Review Board
(Project Number 2017-014, November 2, 2017).

California Department of Public Health Data

When the California Department of Public Health Surveillance and Statistics Section completed assembly of the
surveillance data per my request received on November 12, 2017, they attached an Excel spreadsheet file of
summary data for cases of Coccidioidomycosis reported from five specified counties for years 2001 to 2014.
Separate worksheets contained data by month/year of onset, case-patient age-group, sex, and race. Cell counts
smaller than 11 had been suppressed for tables in compliance with CDPH’s policy on potentially individually
identifiable health information. Data respective to the other variables of the request—Date of First Specimen
Collected, Date of Diagnosis, Reporting Health Care Provider, Reporting Health Care Facility, Report Submitted
By, Zip Code, Occupation, Occupation of Exposure Setting, Country of birth, Laboratory Tests—were not included
because they were not available, were not amenable to representation in summary tables, or represented potentially
individually identifiable health information.

The California Department of Public Health discussed the original data request with other CDPH programs, CDPH
management, and the Committee for Protection of Human Subjects (CPHS). All parties agreed that department
policy and state and federal law preclude releasing confidential health information to the public, including individual
case data such as requested. Only summary data may be released, and only in a manner by which individual patients
are not identified or potentially identifiable. Approval of proposed projects by CPHS does not obviate the
Department’s compliance with the California Information Practices Act (IPA) and the Federal Health Insurance
Portability and Accounting Act (HIPAA) to maintain the security and confidentiality of patient health information.

Limits
Originally, | wanted to conduct a case-control survey to investigate exposure. However, the request to contact the

cases was denied by each of the Counties’ epidemiologists. The California Department of Public Health also denied
the request to obtain case information from the Health and Human Services Agency’s Two Page Patient Intake
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Form. Despite receiving IRB approvals, they have determined that they will not release the information and will
only provide summary information.

Additional data requests have been made to the individual counties’” public health departments. They all have
expressed concerns regarding the release of PIl information, and decided not to release the data request.

Since no other data other than summary data can be obtained, the resulting analysis becomes limited from looking at
a smaller geographic scale to a county-wide scale for the five counties of interest. All historic research conducted on
Valley Fever has been done at the county level, as described in Chapter 1. Although the detailed case data may not
be obtained, the results of this study is still comparable to the other studies that have been conducted.

Another limit of the study involves the collapsing of the data by the California Department of Public Health.
Categories under 11 were collapsed or left with a (-) in the field. This limits the study results in trying to understand
the nuances of the data’s relationship to climate.

In partnership with two other Ph.D. candidates at the University of California, Irvine, we developed a database on
GitHub (https://github.com/valleyfever/valleyfevercasedata) and are in the process of publishing the results of the
report titled, "Coccidioidomycosis (Valley Fever) case data for the southwestern United States" to be submitted to
Open Health Data. The purpose of this manuscript is to highlight the availability of the valley fever case data. The
California Department of Public Health produced un-collapsed data for this purpose.

Descriptive Statistics

Table 2.1 describes the annual cases that occurred per county during the years 2000 — 2015. Throughout the years,
we can see that all counties had an increase in diagnosed cases. Fresno, Kern, Kings, and San Luis Obispo Counties
had their highest peak around 2010 — 2011. Tulare County had their highest peak of cases around 2008 — 2009.
Fresno and Kern County have the highest amount of cases over time and average monthly. Table 2.2 describes the
average monthly cases over time. From this table, we can see that some counties, like Kern, do have more cases
getting diagnosed in the second half of the year. However, some counties like Fresno, have a small average change
in diagnosed cases per month.

Table 2.1: Annual Case Counts Per County, 2000 - 2015

Cases in Cases in Cases in Cases in San Luis Cases in

Fresno Kern Kings Obispo Tulare
2000 15 375 7 70 61
2001 55 948 37 45 74
2002 73 995 46 45 89
2003 142 1235 50 67 143
2004 130 1468 72 92 158
2005 331 1506 127 90 125
2006 665 1019 231 176 196
2007 400 1394 138 81 172
2008 324 834 183 80 200
2009 489 599 203 78 229
2010 725 1914 384 163 194
2011 724 2567 374 170 128
2012 481 1858 239 106 155
2013 310 1656 97 49 113
2014 155 912 70 22 107
2015 259 1076 52 59 112
GTroﬁgf' 5278 20356 2310 1393 2256
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Table 2.2: Average Monthly Cases per County Based on 2000 — 2010 Data

Average Average Average
Average Monthly Monthly Average Monthly Monthly
Month Monthly Cases
Cases . : Cases
Cases Fresno : San Luis Obispo
Kern Tulare
Jan 29.1 99.0 11.9 8.7 10.8
Feb 22.6 77 9.9 5.3 8.8
Mar 24.1 75.9 9.1 4.9 8.4
Apr 24.8 72.4 8.1 4.9 8.3
May 194 79.8 8.2 45 10.1
Jun 23.0 92.2 10.1 4.8 10.7
Jul 23.8 100.6 8.0 6.2 12.7
Aug 30.6 133.9 14.3 7.2 13.2
Sep 30.9 141.1 174 9.3 13.9
Oct 36.6 155.8 16.9 12.2 16.1
Nov 32.9 139.1 15.8 10.5 13.6
Dec 32.2 104.9 14.7 8.6 144
Average
per 275 106.0 12.0 7.3 11.8
Month

Table 2.3 provides information related to the descriptive statistics of the 5 counties. All the counties have a slight
positive skew in their distribution. For Fresno, Kings, and San Luis Obispo, the standard deviation (S.D.) is almost
the same size as the mean.

Table 2.3: Monthly Descriptive Statistics of Diagnosed Cases

Fresno Kern Kings San Luis Obispo Tulare

Mean 27.49 Mean 106.02 Mean 12.03 Mean 7.26 Mean 11.75

S.E. 1.81 S.E. 4.88 S.E. 0.99 S.E. 0.46 S.E. 0.48

Median 20.50 Median 90.00 Median 8.00 Median 5.00 Median  11.00

Mode 6.00 Mode 58.00 Mode 3.00 Mode 3.00 Mode 13.00

S.D. 25.15 S.D. 67.57 S.D. 13.71 S.D. 6.43 S.D. 6.71

Kurtosis 1.69  Kurtosis 3.62 Kurtosis 7.63  Kurtosis 4.39  Kurtosis 0.76

Skew 1.35 Skew 151 Skew 2.51 Skew 1.89 Skew 0.80

Range 129 Range 431 Range 82 Range 40 Range 37

Min 0 Min 12 Min 0 Min 0 Min 1

Max 129 Max 443 Max 82 Max 40 Max 38

Sum 5278 Sum 20356 Sum 2310 Sum 1393 Sum 2256
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Time Series Decomposition

Utilizing R Statistical Program, Time Series (ts) tool, the 5 counties had their time series decompose into four
components: observed, trend, seasonality, and random. Table 2.4 highlights the seasonality decomposition.
Although most of the months are similar with their seasonality, there are slight variations as to when the diagnoses
occur and how many months the season lasts. For example, Fresno and Kern County’s season starts in August, but
Fresno continues to January and Kern concludes in November. Without a smaller geographical scale to analyze,
there does not appear to be a geographical relationship to the location of these counties and their seasonal start. With
Figures 2.1 - 2.5, we can also see that the natural trend of the diagnosed cases is not the same, indicating some other
factor than location influencing the relationship.

Table 2.4: Time Series Seasonal Decomposition

Fresno Kern Kings San Luis Tulare
Obispo
Jan 2.58 -4.08 -0.08 1.44 -0.79
Feb -4.42 -27.45 -2.30 -1.87 -3.15
Mar -2.96 -28.71 -3.22 -2.35 -3.24
Apr -2.50 -33.35 -4.22 -2.26 -3.56
May -8.23 -26.37 -4.16 -2.75 -2.14
Jun -4.55 -13.85 -2.10 -2.51 -0.83
Jul -3.95 -4.78 -4.53 -0.84 0.65
Aug 3.07 28.61 2.63 0.04 1.92
Sep 3.22 34.41 5.94 1.77 2.04
Oct 7.58 49.04 5.31 5.04 4.28
Nov 5.35 31.44 3.86 3.24 1.73
Dec 4.81 -4.88 2.88 1.04 3.11

Figure 1 shows the decomposition findings for Fresno County. The trend line shows a potential multi-year variation
that is not explained well by the seasonal and random variation.
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Figure 2.1: Trend Analysis for Fresno County, 2000 - 2015
C.

Log of Fresno Valley Fever Cases Over Time, 2000 - 2015
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Figure 2.2 shows the decomposition findings for Kern County. The trend line does not show a linear increase, but

more of a sudden increase in 2010, with a drop back down in the most recent past years. There seems to be more
inter-annual/multi-year fluctuation from 2000 — 2010.

Figure 2.2: Trend Analysis for Kern County, 2000 - 2015
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Figure 2.2: Trend Analysis for Kern County, 2000 - 2015

Log of Kern County Valley Fever Cases Over Time, 2000 - 2015
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Figure 2.3 shows the decomposition findings for Kings County. The 2010 — 2012 time period seems to be a large
uptick in cases, where the decomposition results indicate it is related to some random variation.

Figure 2.3: Trend Analysis for Kings County, 2000 - 2015
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Figure 2.3: Trend Analysis for Kings County, 2000 - 2015

Log of Kings County Valley Fever Cases Over Time, 2000 - 2015
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Figure 2.4 shows the decomposition findings for San Luis Obispo County. The trend line picks up two spikes in the
data occurring in 2005 and 2010 and lasting for 2 years.

Figure 2.4: Trend Analysis for San Luis Obispo County, 2000 - 2015

A. Valley Fever Cases, 2000-2015, San Luis Obsipo County
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Figure 2.4: Trend Analysis for San Luis Obispo County, 2000 - 2015

C.
Log of San Luis Obispo County Valley Fever Cases Over Time, 2000 - 2015
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Figure 2.5 shows the decomposition findings for Tulare County. The trend in Tulare has an overall negative
quadratic curve with some multi-year fluctuations.

Figure 2.5: Trend Analysis for Tulare County, 2000 - 2015
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Figure 2.5: Trend Analysis for Tulare County, 2000 - 2015

C.
Log of Tulare County Valley Fever Cases Over Time, 2000 - 2015
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Figure 2.6 shows the seasonality components for each of the counties, side by side. The start of when diagnosed
cases are likely to occur is August for Fresno, Kern, and Kings, September for San Luis Obispo, and July for Tulare.

Figure 2.6: Seasonal Component of the Time Series Decomposition for
each Counties' Valley Fever Case Data
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Cases vs. Incidence

The above analysis was conducted on reported case information. On just the cases alone, we see that Kern and
Fresno have the largest amount of cases. However, the human population distribution is different between the
counties. Although Fresno has the second highest amount of cases, it also has the highest population in 2010,
according to the U.S. Census. Since there is a larger amount of cases in comparison, it may not be a large portion
compared to the population. We need to consider the incidence proportion of Valley Fever in each county. Incidence
proportion is the number of new cases over the population at risk for a specified time period. Utilizing the
population estimates from the U.S. Census, Table 2.5 shows the incidence rates by county for 2000, 2005, and 2010.
Figure 2.7 and 2.8 depicts the relationship of these changes spatially and graphically.

From 2000 to 2010, we see that every county’s reported incidence rate more than doubled. In 2000, Kern and San
Luis Obispo County had the largest incidence rate. However, in 2010, Kern and Kings have the largest incidence
rate. In 2015, the incidence decreased for all 5 counties with Kern and Kings having the largest incidence rate, and
the other three counties have similar incidence rates. The rate has not increased uniformly across the counties.
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ODISPO
Cases
2000 Totals 15 375 7 70 61

2005 Totals 331 1506 127 90 125

2010 Totals 725 1914 384 163 194

2015 Totals 259 1076 52 59 112

Population Estimates

2000 Totals 799,407 661,645 129,461 246,681 368,021
2005 Totals 862,443 745,344 140,731 257,904 403,400
2010 Totals 930,450 839,631 152,982 269,637 442,179
2015 Totals 1,003,819 945,845 166,300 281,904 484,686

% Growth Rate 16% 27% 18% 9% 20%

Incidence

2000 Estimate 0.002% 0.057% 0.005% 0.028% 0.017%
2005 Estimate 0.038% 0.202% 0.090% 0.035% 0.031%
2010 Estimate 0.078% 0.228% 0.251% 0.060% 0.044%
2015 Estimate 0.026% 0.114% 0.031% 0.021% 0.023%

Figure 2.7: Map of Study Area and Incidence Rates for 2000 and 2010
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Figure 2.8: Valley Fever Incidence Rates by County for 2000, 2005,
2010, and 2015
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Diagnosed Date vs. Exposure Date

As discussed in Chapter 1, some studies conducted their analysis using diagnosis date and three studies tried to
estimate the exposure period of each case. Comrie et al., used two lag periods: The Incubation period lag with a
12.6-day average and the Onset to Report Lag with a 43-day average. Tamerius et al. study indicated that the
average Onset to Diagnosis average is 209 days (median of 55 days). Incubation period was not used. Stacy et al,
used a 14-day incubation period. Diagnosis date reported was also used as an offset for those cases lacking that
information. Park et al. used a one-month lag time.

How does using these different diagnosis dates and exposure dates affect the analyses? To answer this question, |
created some new case distributions: One for each of the three of the methods - Comrie, Stacey, and Park. Each
exposure period for the three methods had different assumptions: Cases were diagnosed equally throughout the
month, 75% of the cases were diagnosed in the first part of the month, and 25% of the cases were diagnosed in the
first part of the month.

Figures 2.9 — 2.12 show the time-series results of the different exposure estimates on one graph with a graph for
each assumption described above for each county. Every graph compares the Exposure date distribution to the
original Diagnosis date distribution. Although some of the smaller variations were changed, the overall maximum
and minimum peaks maintain their shape and impact. The case quantities per month do vary and the exposure
periods do change the months of these peaks by at most 2 months.
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Valley Fever Cases (Stacked View)
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Figure 2.9: Diagnosis and Exposure Estimates for Fresno County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times
in Previous Studies Assuming an Equal Probability of Getting Diagnosed Throughout the
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Figure 2.9: Diagnosis and Exposure Estimates for Fresno County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times in
Previous Studies Assuming 25% of the Diagnoses Happen in the first half of the month of
Getting Diagnosed Throughout the Month for Fresno County, 2000 - 2015
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Figure 2.10: Diagnosis and Exposure Estimates for Kern County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times
in Previous Studies Assuming an Equal Probability of Getting Diagnosed Throughout the
Month for Kern County, 2000 - 2015
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Figure 2.10: Diagnosis and Exposure Estimates for Kern County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times
in Previous Studies Assuming 75% of the Diagnoses Happen in the first half of the month
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Valley Fever Cases (Stacked View)

Figure 2.11: Diagnosis and Exposure Estimates for Kings County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times
in Previous Studies Assuming an Equal Probability of Getting Diagnosed Throughout the
Month for Kings County, 2000 - 2015
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Figure 2.11: Diagnosis and Exposure Estimates for Kings County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times in
Previous Studies Assuming 25% of the Diagnoses Happen in the first half of the month of
Getting Diagnosed Throughout the Month for Kings County, 2000 - 2015
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Valley Fever Cases (Stacked View)

Figure 2.12: Diagnosis and Exposure Estimates for San Luis Obispo County
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Figure 2.12: Diagnosis and Exposure Estimates for San Luis Obispo County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times in
Previous Studies Assuming 25% of the Diagnoses Happen in the first half of the month of
Getting Diagnosed Throughout the Month for San Luis Obispo County, 2000 - 201
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Valley Fever Cases (Stacked View)

Figure 2.13: Diagnosis and Exposure Estimates for Tulare County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times in
Previous Studies Assuming an Equal Probability of Getting Diagnosed Throughout the
Month for Tulare County, 2000 - 2015
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Figure 2.13: Diagnosis and Exposure Estimates for Tulare County

Valley Fever Cases' Diagnosis Date vs. Estimating Exposure Using the Various Lag Times in
Previous Studies Assuming 25% of the Diagnoses Happen in the first half of the month of
Getting Diagnosed Throughout the Month for Tulare County, 2000 - 2015
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Utilizing ANOVA Single — Factor in Microsoft Excel, the results indicate that there is no statistically significant

difference between the distributions in terms of average and variance. The results can be found in the Appendix,
Tables A.1-AS5.

When analyzing the seasonality component of the time-series decomposition of the exposure estimates, there are
changes from using the various methods. Figures 2.14 — 2.18 show these components for each estimate. They are
organized by County Name_Diagnosis Assumption (Equal — EM, 75% in first half — 75, 25% in first half — 25),
Exposure Method (Stacey — ST, Park — PM, Comrie — CM).

With Fresno, Figure 2.14, we see some similarities to the original distribution, called Fresno_Actual. Diagnosis or
Exposure is likely to happen six months out of the latter half of the year. Many of the exposure estimates lose the
January seasonality and the entire season shifts forward by about two months. Fresno’s Equal Diagnosis Assumption
and Stacey Method (Fresno_EMST) sees a spike in May followed by a decrease in cases getting exposed for two
months until August. With Kern County, Figure 2.15, the equal distribution assumption makes the seasonality
become five months instead of four. Other than that, the distributions mirror the Diagnosis date’s distribution, just 1-
2 months before. The distributions in Kings County, Figure 2.16, mirror the Diagnosis date’s distribution, just 1-2
months before as well. With San Luis Obispo, Figure 2.17, the method with only the 25% of cases diagnosed in the
first half of the month and the Stacey method, captured the January seasonality that the Diagnosis date distribution

saw. Lastly, the distributions in Tulare County, Figure 2.17, mirror the Diagnosis date’s distribution, just 1-2 months
before.
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Figure 2.14: Fresno County Seasonality Components for the Exposure Method and
Diagnosis Assumption Variables
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Figure 2.15. Kern County Seasonality Components for the Exposure Method and
Diagnosis Assumption Variables
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Figure 2.16. Kings County Seasonality Components for the Exposure Method and
Diagnosis Assumption Variables
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Figure 2.17. San Luis Obispo (SLO) County Seasonality Components for the Exposure
Method and Diagnosis Assumption Variables
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Figure 2.18. Tulare County Seasonality Components for the Exposure Method and
Diagnosis Assumption Variables
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From this section, we can gather that considering different exposure methods can alter the seasonality of when the
cases occur but kept the overall variability of the time-series. We can also see that being limited with diagnosis
month of the cases decreases the reliability of exposure estimates. Chapter 4 and 5 will dive further into how these
different methods of calculating exposure and case distribution assumptions will impact the relationships to climate
and dust variables.

County Census Information

The Census Information summarized in Table 2.6 is sourced from the United States Census Bureau QuickFacts.
QuickFacts data are derived from: Population Estimates, American Community Survey, Census of Population and
Housing, Current Population Survey, Small Area Health Insurance Estimates, Small Area Income and Poverty
Estimates, State and County Housing Unit Estimates, County Business Patterns, Nonemployer Statistics, Economic
Census, Survey of Business Owners, Building Permits.

From Table 2.6, we see that the counties are not identical when it comes to the distribution of the population in
terms of Age and Ethnicity. Table 6 shows that San Luis Obispo County has more percentage of retirees in their
population (age 65+), Kings County has a smaller percentage of women in their population, and Tulare, Kings,
Kern, and Fresno County all have over 50% of their population with Hispanic/Latino Ethnicity. Table 2.7 shows the
estimated population counts in each of these categories based on 2015 population estimates and the U.S. Census
Bureau population percentages. From this we can see that although San Luis Obispo has the smallest percentage of
its population being of Hispanic/Latino Ethnicity, the estimated Hispanic/Latino population is larger than Kings and
Kern Counties.

Using the census information and the number of cases diagnosed per year in each county, we estimated the number
of cases that would have occurred if there were no demographic risk factors to the disease Valley Fever. The results
are shown in Table 2.8. This information brings to attention the question of how the demographical makeup of the
county effects the published risk factors of the disease. This is explored in the Odd Ratios section of this chapter.
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Table 2.6: U.S. Census Bureau QuickFacts

2012-2016 Tulare San_Lu|s Fresno California
Obispo

8.40% 4.80% 7.80% 8.10% 8.10% 6.30%

Persons under 5
years, percent

Persons under 18 0 0 0 0 0 0
Age years, percent 31.20%  17.90%  27.30% 29.20% 28.60%  23.20%

Persons 65 years

10.90% 18.90% 9.70%  10.40% 11.80% 13.60%
and over, percent

Female persons,

percent 50.00% 49.30%  44.90% 48.70% 50.10%  50.30%

Gender

White alone,

percent 88.30% 89.00%  81.30% 82.60% 77.10%  72.70%

Black or African
American alone, 2.20% 2.00% 7.20% 6.20% 5.80% 6.50%
percent

American Indian
and Alaska Native 2.80% 1.40% 3.10% 2.60% 3.00% 1.70%
alone, percent

Asian alone,

4.00% 3.90% 4.50% 520%  10.80% 14.80%
percent

Ethnicity ~ Native Hawaiian
and Other Pacific
Islander alone,
percent

0.20% 0.20% 0.30% 0.30% 0.30% 0.50%

Two or More

2.50% 3.50% 3.60% 3.10% 3.10% 3.80%
Races, percent

Hispanic or Latino,

percent 64.10% 22.30%  54.20% 52.80% 52.80%  38.90%

White alone, not
Hispanic or Latino, 29.20% 69.20% 32.70% 34.80% 30.00% 37.70%
percent

Table 2.7: Demographic Numbers Based on 2015 Population Estimate and U.S. Census
Bureau Demographic Percentages

San Luis .
Tulare Obispo Kings Kern Fresno

Persons under 5

84,321 45,401 12971 22,834 39,260
years,
Age Perso;z:rrs‘der 18 313102 169,306 45,400 82,316 138,620
Persons 65 years )9 496 178,765 16,131 29,318 57,193
and over,

Gender Female persons, 501,910 466,302 74,668 137,287 242,828
White alone, 886,373 841,802 135,202 232,853 373,693

Black or African
Ethnicity  American alone, 22084 18,917 11,974 17,478 28,112
American Indian g ) 57 13,242 5,155 7.330 14541

and Alaska
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Table 2.7: Demographic Numbers Based on 2015 Population Estimate and U.S. Census
Bureau Demographic Percentages

San Luis .
Tulare Obispo Kings Kern Fresno
Native alone,
Asian alone, 40,153 36,888 7,483 14,659 52,346
Native Hawaiian
and Other Pacific 2,008 1,892 499 846 1,454
Islander alone,
TwoorMore o 95 33,105 5,987 8,739 15,025
Races,
Hispanic or 643,448 210,924 90,134 148,845 255,914
Latino,
White alone, not
Hispanic or 293,115 654,525 54,380 98,103 145,406
Latino,

Table 2.8: Expected Case Distribution Based on Population Percentages and Total Cases

Diagnosed
. San Luis
Fresno Kern Kings Obispo Tulare
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
Persons
under 5 58 58 155 207 29 29 7 8 15 11
years,
Persons
Age under18 206 205 559 747 103 100 27 29 57 39
years,
Persons
65 years 85 85 199 266 37 36 29 30 20 14
and over,
Gender M€ o6 360 933 1246 170 165 74 79 91 63
persons,
White
alone, 556 554 1582 2113 307 298 134 143 161 111
Black or
African o 45 199 159 27 26 3 3 4 3
America
n alone,
America
Ethnicity ”':r?(;a”
22 22 50 67 12 11 2 2 5 4
Alaska
Native
alone,
Asian 2o 78 100 133 17 17 6 6 7 5
alone,
Native 2 6 8 1 1 o 0 o0 0
Hawaiian
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Table 2.8: Expected Case Distribution Based on Population Percentages and Total Cases
Diagnosed

San Luis
Obispo
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011

Fresno Kern Kings Tulare

and
Other
Pacific
Islander
alone,
Two or
More 22 22 59 79 14 13 5 6 5 3
Races,
Hispanic
or 381 379 1011 1351 205 199 34 36 117 81
Latino,
White
alone,
not
Hispanic
or
Latino,

216 215 666 890 124 120 104 111 53 37

Yearly
Totals
from
CDPH

721 718 1915 2558 378 367 151 161 182 126

Valley Fever Cases by Demographics

The California Department of Public Health, Infectious Diseases Branch, Surveillance & Statistics Section,
collapsed cells that had under 11 cases for privacy reasons. Table 2.9 — 2.11 show the actual cases that occurred in
each county for 2010 and 2011 by provided demographic information. From the tables 2.9 — 2.11, we can see that
more cases occurred for people under 15 years old than for adults older than 65 years, except in San Luis Obispo.
All counties have more males being diagnosed than females and the highest amount of cases that occurred were in
Hispanics (except in San Luis Obispo County). However, as mentioned when discussing the Census information, a
majority of these populations have more males than females and Hispanics are the highest ethnicity. Are the risk
factors related to demographics statistically significant given the ethnic composition of the county?

Table 2.9: Valley Fever Cases by County by Age Group for 2010 and 2011

Fresno Kern Kings San Luis Tulare
Obispo

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
Under 11 16 22 24 * * * * * *
4
Under 62 72 169 217 30 18 * * 12 17
15
15-64 618 599 1573 2101 342 335 116 136 156 94
65+ 41 47 157 240 12 14 35 25 26 17
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Table 2.10: Valley Fever Cases by County by Gender for 2010 and 2011

: San Luis
Fresno Kern Kings Obispo Tulare

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
Female 150 133 773 1049 81 57 51 51 78 52
Male 570 591 1139 1508 303 317 112 119 116 75
Other * 0 * * * 0 0 0 0 0

Table 2.11: Valley Fever Cases by County by Ethnicity for 2010 and 2011

Fresno Kern Kings <=0 (HIE Tulare

Obispo
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011

Black, Non-

ck, N 83 103 51 59 34 33 11 11 0 *
Hispanic

Hispanic 326 266 396 462 96 116 29 47 72 57
White, Non- o, 99 181 251 29 37 117 94 44 20
Hispanic

Odds Ratios

Odds ratios are a statistic that is useful at examining effect size (McHugh). An odds ratio (OR) is used to determine
the odds of an event and can provide information related to populations at risk in observational studies. The higher
the odds, the more at risk a person is with that certain parameter. An Odds Ratio under 1 indicates that the odds are
actually less for that parameter. Several studies have been conducted to understand populations at risk in Valley
Fever endemic areas. Most of the results are analyzed for specific populations — like elderly, pediatric, and
hospitalized patients. For Sondermeyer et al., 2013, they found that male sex, older age groups, and Black and
Hispanic ethnicities (2.09 and 1.31 ORs compared to Whites) had higher odds of hospitalization in endemic regions
in California. For Sondermeyer et al., 2016, they found a relative risk of 1.4 for Black children more likely to be
hospitalized compared to white children. Flaherman et al. found that individuals who were older, Black, Male, and
individuals with pregnancy and immosuppressive disorders had higher risk for hospitalizations in California. Noble
et al. calculated mortality rates and associated demographic risks after controlling for the US Census population
estimates. Noble et al. found that there were no significant odd ratios when looking at the interaction of race and
ethnicity by sex.

Looking at cases that were diagnosed for the five counties, | took the total diagnosed cases for 2010 and calculated
the number of cases if there were no relationship between the demographic factors and disease outbreak other than
the general population breakdown. As 2010 had the highest amount of cases across all the counties, 2010 has the
least collapsed cells and can provide the most reliability with our estimates.

Table 2.12 provides the odd ratio estimates by Gender. For Fresno County in 2010, the odds of Valley Fever in
Males is 3 times as much as the estimated number of cases we would expect based on the Census population
estimate. The odds of a case being Male are statistically significantly more than what we would expect from the
proportion of Males in Fresno County. Fresno, Kern, Kings, and San Luis Obispo Counties all find that the Male
gender has greatest odds of getting diagnosed with the disease. Tulare County found that Males had higher odds of
getting diagnosed, but it was not significant at the .05 level. One thing to note is that the magnitude of risk for
getting diagnosed as a Male is not consistent across the five counties. For example, Males in Fresno are 3-4.8 times
more likely to get diagnosed than females in that county, while Males in Kern County are 1.2-1.59 more likely than
females to get diagnoses.
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Table 2.12: Odd Ratio Estimates for Gender/Sex for 2010

2010 Males Females Odd Ratio  95%
Confidence
Interval
Fresno Actual 570 150 3.8106 3.0226 - <.0001
Population 360 361 4.8039
Estimate
Kern Actual 1139 773 1.4000 1.2318 - <.0001
Population 982 933 1.5910
Estimate
Kings Actual 303 81 3.0573 2.2244 — <.0001
Population 208 170 4.2023
Estimate
San Luis  Actual 112 51 2.1105 1.3326 - .0015
Obispo Population 77 74 3.3426
Estimate
Tulare Actual 116 78 1.4872 .9885 — .0568
Population 91 91 2.2373
Estimate

Table 2.13 provides the odd ratio estimates for Hispanic or Latino ethnicity. For Fresno County, 2010, the odds of
Valley Fever in Hispanics are .7365 compared to the estimated number of cases we would expect based on
population estimate. The odds of a case being Hispanic are less than what we would expect from the proportion of
Hispanics in Fresno County. The odds of a case being Hispanic is less than what we would expect across all
counties, which means they are not as likely to get diagnosed and would indicate Hispanic individuals are inherently
less at risk. They have a greater number of cases diagnosed because there are more people in the county that are
Hispanic. However, San Luis Obispo’s odd ratio is not significant at the .05 level. Again, however, we see that the
magnitude of the odds is not the same across all counties.

Table 2.13: Odd Ratio Estimates for Hispanic Ethnicity for 2010

2010 Hispanic Other Odd Ratio  95% P value
Confidence
Interval
Fresno Actual 326 395 .7365 5987 - .9060 .0038
Population 381 340
Estimate
Kern Actual 396 1519 2331 .2022 - .2688 <.0001
Population 1011 904
Estimate
Kings Actual 96 282 2873 2112 - .3907 <.0001
Population 205 173
Estimate
San Luis  Actual 29 122 .8180 4688 — 4792
Obispo Population 34 117 1.4271
Estimate
Tulare Actual 72 110 .3636 .2378 - .5559  <.0001
Population 117 65
Estimate
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Table 2.14 provides the odd ratio estimates for Black (only, non-Hispanic) ethnicity. For Fresno County, 2010, the
odds of Valley Fever in Black ethnicity are 2 times higher compared to the estimated number of cases we would
expect based on population estimate. The odds of a case being Black are more than what we would expect from the
proportion of Blacks in Fresno and San Luis Obispo County and the odds is less than what we would expect in Kern
County. Kings and Tulare Counties’ odd ratios are not significant at the .05 level.

Table 2.14: Odd Ratio Estimates for Black Ethnicity for 2010

2010 Black Other Odd Ratio  95% P value
Confidence
Interval
Fresno Actual 83 638 2.1032 1.4289 - .0002
Population 42 679 3.0957
Estimate
Kern Actual 51 1864 4129 .2956 - .5769 <.0001
Population 119 1796
Estimate
Kings Actual 34 344 1.2849 .7588 — .3509
Population 27 351 2.1757
Estimate
San Luis  Actual 11 140 3.8762 1.0592 — .0407
Obispo Population 3 148 14.1855
Estimate
Tulare Actual 0 182 .1087 .0058 - 1375
Population 4 178 2.0334
Estimate

Table 2.15 provides the odd ratio estimates for White (only, non-Hispanic) ethnicity. For Fresno County, 2010, the
odds of Valley Fever in White ethnicity are .3420 compared to the estimated number of cases we would expect
based on population estimate. The odds of a case being White are less than what we would expect from the
proportion of Whites in Fresno, Kern, and Kings Counties. San Luis Obispo and Tulare Counties’ odd ratios are not

significant at the .05 level.

Table 2.15: Odd Ratio Estimates for White Ethnicity for 2010

White Other Odd Ratio  95% P value
Confidence
Interval
Fresno Actual 92 629 .3420 .2609 - 4483 <.0001
Population Estimate 216 505
Kern Actual 181 1734 .1958 1636 - .2343  <.0001
Population Estimate 666 1249
Kings Actual 29 349 1702 1101 - .2631  <.0001
Population Estimate 124 254
San Luis  Actual 117 34 1.5551 .9299 - .0924
Obispo Population Estimate 104 47 2.6009
Tulare Actual 44 138 7760 4868 — .2865
Population Estimate 53 129 1.2370
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Table 2.16 provides the odd ratio estimates for cases that are over 65 years old. For Fresno County, 2010, the odds
of Valley Fever in the elderly population are .4511 compared to the estimated number of cases we would expect
based on population estimate. The odds of a case being elderly are less than what we would expect from the
proportion of the population over 65 in Fresno, Kern, and Kings Counties. San Luis Obispo and Tulare Counties’
odd ratios are not significant at the .05 level.

Table 2.16: Odd Ratio Estimates for 65 and Older Age for 2010

2010 65 Years Other Odd Ratio 95% P value
and Older Confidence
Interval
Fresno Actual 41 680 4511 .3060 - .6650 .0001
Population 85 636
Estimate
Kern Actual 157 1758 7701 .6183 -.9592 .0197
Population 199 1716
Estimate
Kings Actual 12 366 .3022 1550 - .5891 .0004
Population 37 341
Estimate
San Luis  Actual 35 116 1.2693 7295 — .3988
Obispo Population 29 122 2.2087
Estimate
Tulare Actual 26 156 1.3500 7240 - .3451
Population 20 162 2.5172
Estimate

By having the California Department of Public Health limit access to case data, only provide yearly summary
findings on age, gender, and ethnicity, and collapsing any fields with cases under 11, we are limited to our ability to
understand the demographic risks associated to cases and this is expanded further in the Conclusion chapter.

Our findings show that the risk of disease is not equal across counties and that African Americans and Males have
the highest risk for the disease than what we would expect based on population estimates and previously published
risk factors of old age and Hispanics were found to not be at risk, but higher than normal due to the population
demographics of the counties. Researchers should work with the California Department of Public Health to highlight
the need for more refined and less aggregated data for analyses. The limitations provided by the California
Department of Public Health further limit the results and usability of the results for public health preparedness.
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Chapter 3

Descriptive Analysis on Environmental Variables and their Spatial
Relationship to the Study Area

Introduction

One of the goals of this study is to understand how various environmental variables are related to the disease known
as Valley Fever. From the 1950s, different environmental factors were considered to have a “Grow and Blow”
Effect on the Coccidioides immitis spores (Egeberg (1956), Hugenholtz (1957), Maddy (1965), Jinadu (1995),
Stevens (1995)). The “Grow and Blow” Effect hypothesizes that there is a wet period to “Grow” the spores and then,
a dry period that allows the spores to “Blow.” (Egeberg (1956), Hugenholtz (1957), Maddy (1965), Jinadu (1995),
Stevens (1995)).

As shown in Table 1.1 (Chapter 1), various studies have conducted research attempting to connect climate with
Valley Fever diagnoses or exposure. Different variables studied include temperature, precipitation, soil moisture,
dust concentrations, vegetation indexes, wind speed, particulate matter (PM) — concentration 10, and drought
indices. The studies were also conducted at the County level.

To attempt to understand how environmental variables are linked to disease, it is important to understand the
variability within those variables. Since previous analyses were conducted on the county-wide scale, most
environmental variables are measured at monitoring stations with a specific latitude and longitude. There is typically
more than one station within the county.

The purpose of this chapter is to describe the seasonality and patterns of the various environmental factors and
compare those patterns amongst the different monitoring stations within the same geographical area. This
information will guide decisions to the variables that show relationships to Valley Fever and provide transparency in
the process that the previously conducted studies do not discuss.

The environmental variables included in this study are:

e  Precipitation;

e  Temperature;

e Wind Speed;

e  Evapotranspiration;

¢ EIl Nifio Southern Oscillation;

e  Palmer Drought Severity Index;

e Particulate Matter 10;

e Particulate Matter 2.5;

e Soil Information: Percent clay, percent silt, percent sand, and pH.

Precipitation

Precipitation is the condensation of atmospheric water vapor that falls. The main forms of precipitation include rain,
snow, and hail. In the United States, precipitation is measured in inches (in).

Data Source

Precipitation data was obtained several ways. One precipitation source came from Drought Atlas for the years
November 1980 to December 2012. Another source was from the National Oceanic and Atmospheric
Administration International Research Institute for Climate and Society/ Lamont — Doherty Earth Observatory
(NOAA IRI/LDEO) Climate Data Library where satellites average precipitation over NOAA climate divisions 404
and 405 and monthly precipitation was obtained from 2000 — 2013.
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Station Location Figure 3.1: Precipitation Stations for
Study Area

Figure 3.1 shows the location of the three sources of
precipitation data for the study area. San Luis Obispo
County is located in three different NOAA zones, but
primarily Zone 4. The rest of the study is a part of
Zone 5, except the southeast part of Kern County.

U.S. Drought Risk Atlas Stations and
NOAA Climate Zones
for the Precipitation Data
1999 - 2015

Data Variability \ s
Table 3.1 shows the precipitation variabilities by
Station.

In Fresno County, although precipitation
measurements vary from Station to Station, all the
Stations measured 2010 as the year with the largest
amount of precipitation. However, the year with the
second largest amount of precipitation and the year
with the lowest amount of precipitation are not the
same from Station to Station. All the Stations, except
Coalinga, measured December as the month with the
highest average precipitation over the years and all
Stations measured the driest period to be during June
— September.

For Kern County, all the Stations, except Delano,
measured 2010 as the year with the highest amount of
precipitation and 2005 as the second highest. There is
no consistency in the year with the lowest amount of
precipitation measured ranging from 2007 — 20009.

All Stations, except Delano, found December is the A DB S,
month with the highest precipitation over all the RIS i
years and all Stations measured the driest period to be B B NORs S

during June — September.

For Kings County, there was no Drought Atlas measurement Station located in Kings County. Visalia station was
listed as the closest station. Using Visalia and 405 Climate Division, we see that both Stations measured 2010 as the
year with the largest amount of precipitation. The year with the second largest amount of precipitation does not
match for the Stations. All Stations found December has the month with the highest precipitation over all the years
and all Stations measured the driest period to be during June — September.

For San Luis Obispo County, all Stations measured 2010 as the year with the largest amount of precipitation and all
Stations, except 404 Division, measured 2001 as second highest precipitation year. All Stations measured 2007 as
driest year. All Stations, except 404 Division, measured January as the month with the largest amount of
precipitation and June- September as the driest months.

For Tulare County, all Stations measured 2010 as the year with the highest amount of precipitation and all Stations,
except 405 Division, measured 2006 as second highest precipitation year. The Stations did not have a consensus on
the year with the lowest amount of precipitation. All Stations found December has the month with the highest
precipitation over all the years and all Stations measured the driest period to be during June — September.

One observation that can be applied to all the precipitation measurement Stations is that the total amount of
precipitation per month varies Station to Station, even in the same county. For many of the Stations, the variation
year to year and month to month seem to align but are not one-hundred percent consistent within each county. In
addition, the NOAA climate zones have more instances where the data does not align with the individual station
data.
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Table 3.1: Monthly and Yearly Precipitation by County and Station

Fresno County — Average Monthly Precipitation

Inches Kfat Coalinga Friant PineFlat Auberry 405
Station Station Station Station Station Division
Station
Jan 2.32 1.90 2.80 3.36 448 3.14
Feb 2.28 1.46 2.74 3.43 4.44 3.30
Mar 2.01 1.09 2.33 2.50 3.47 2.53
Apr 1.45 0.73 1.56 2.25 2.58 1.90
May 0.49 0.32 0.55 0.80 1.06 0.83
Jun 0.24 0.03 0.26 0.34 0.32 0.19
Jul 0.03 0.00 0.02 0.02 0.04 0.05
Aug 0.03 0.01 0.01 0.03 0.05 0.05
Sep 0.05 0.07 0.06 0.07 0.14 0.13
Oct 0.91 0.34 1.00 1.20 151 1.24
Nov 1.01 0.53 1.19 1.17 1.77 1.65
Dec 2.59 1.67 2.93 3.99 4.80 3.80
Monthly 1.12 0.68 1.29 1.60 2.05 1.57
Average
Fresno County — Annual Total Precipitation
Inches Kfat Coalinga Friant PineFlat Auberry 405
Station Station Station Station Station Division
Station
2000 15.34 5.44 22.58 24.07 32.77 21.57
2001 12 9.96 16.1 20.06 26.71 21.29
2002 6.71 4.26 9.43 14.41 17.4 15.8
2003 9.25 7.47 11.15 14.72 17.35 16.84
2004 9.91 7.49 12.47 15.11 20.2 17.14
2005 12.23 12.2 18.38 20.26 28.39 24.94
2006 14.79 9.55 19.29 24.8 33.21 23.28
2007 7.03 4.51 8.15 11.64 12.47 11.17
2008 8.46 6.56 11.11 16.09 20.82 15.14
2009 15.51 7.1 11.84 17.22 21.39 16.59
2010 28.82 14.38 26.05 3341 39.14 28.3
2011 17.31 7.04 17.87 18.18 24.56 16.75
2012 17.09 9.99 16.39 19.03 26.14 15.59
Total 174.45 105.95 200.81 249.00 320.55 244.40
Kern County — Average Monthly Precipitation
Inches Bakersfield Station Buttonwillow Station Delano Station 405 Division
Station
Jan 0.97 0.98 1.42 3.14
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Table 3.1: Monthly and Yearly Precipitation by County and Station

Feb 1.13 1.02 1.71 3.30
Mar 0.81 0.74 1.26 2.53
Apr 0.71 0.60 0.86 1.90
May 0.18 0.16 0.25 0.83
Jun 0.02 0.02 0.07 0.19
Jul 0.01 0.01 0.01 0.05
Aug 0.00 0.01 0.00 0.05
Sep 0.02 0.00 0.03 0.13
Oct 0.32 0.30 0.44 1.24
Nov 0.48 0.47 0.58 1.65
Dec 1.13 1.14 1.27 3.80
Average 0.48 0.46 0.66 1.57
Monthly
Kern County — Total Annual Precipitation
Inches Bakersfield Station Buttonwillow Station Delano Station 405 Division
Station
2000 5.07 5.08 7.85 21.57
2001 7.38 6.26 8.78 21.29
2002 431 413 5.28 15.8
2003 5.19 6.89 4.85 16.84
2004 5.07 6.27 6.61 17.14
2005 8.68 7.53 15.1 24.94
2006 6.71 6.57 9.84 23.28
2007 2.98 2.65 4.65 11.17
2008 3.24 243 4.38 15.14
2009 511 4.09 4.19 16.59
2010 12.51 11.39 13.51 28.3
2011 4.39 4.04 11.46 16.75
2012 4.42 3.87 6.21 15.59
Total 75.06 71.2 102.71 244.4
Kings County - Average Monthly Precipitation
Inches Visalia Station 405 Division Station
Jan 1.85 3.14
Feb 1.83 3.30
Mar 1.28 2.53
Apr 1.40 1.90
May 0.35 0.83
Jun 0.16 0.19
Jul 0.01 0.05
Aug 0.01 0.05

54




Table 3.1: Monthly and Yearly Precipitation by County and Station

Sep 0.03 0.13
Oct 0.62 1.24
Nov 0.90 1.65
Dec 2.02 3.80
Monthly 0.87 1.57
Average
Kings County — Total Annual Precipitation

Inches Visalia Station 405 Division Station
2000 12.91 21.57
2001 15.13 21.29
2002 6.34 15.8
2003 8.5 16.84
2004 9.7 17.14
2005 13.1 24.94
2006 16.43 23.28
2007 5.43 11.17
2008 7.54 15.14
2009 7.4 16.59
2010 17.33 28.3
2011 7.39 16.75
2012 8.53 15.59
Total 135.73 244.4

San Luis Obispo County - Average Monthly Precipitation

Inches Morro Bay  Salinas Dam Santa Paso Robles  Paso Robles 404

Station Station Margarita Station Airport Division

Station Station Station
Jan 243 4.81 6.30 3.24 2.43 3.70
Feb 2.22 4.45 6.63 2.93 2.22 423
Mar 1.69 2.93 3.86 2.13 1.69 2.92
Apr 0.86 1.99 2.33 1.11 0.86 1.71
May 0.29 0.45 0.65 0.42 0.29 0.60
Jun 0.03 0.09 0.19 0.05 0.03 0.20
Jul 0.01 0.01 0.00 0.01 0.01 0.01
Aug 0.02 0.01 0.02 0.03 0.02 0.02
Sep 0.01 0.02 0.03 0.01 0.01 0.09
Oct 0.76 1.52 2.11 111 0.76 1.32
Nov 0.79 1.65 2.55 1.11 0.79 2.01
Dec 2.06 4.02 6.12 2.64 2.06 495
Monthly 0.93 1.83 2.57 1.23 0.93 1.81

Average

San Luis Obispo County — Total Annual Precipitation
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Table 3.1: Monthly and Yearly Precipitation by County and Station

Inches Morro Bay  Salinas Dam Santa Paso Robles  Paso Robles 404

Station Station Margarita Station Airport Division

Station Station Station
2000 11.31 22.64 33.39 13.95 11.31 25.45
2001 16.47 29.49 39.74 18.97 16.47 26.13
2002 7.56 16.17 24.11 9.89 7.56 19.65
2003 7.82 14.28 21.66 10.72 7.82 18.19
2004 13.88 20.78 28.87 16.39 13.88 21.42
2005 13.99 24.09 34.83 17.54 13.99 28.23
2006 14.76 29.19 35.36 18.70 14.76 24.61
2007 4.20 11.06 16.54 7.76 4.20 12.22
2008 7.92 20.60 29.40 13.14 7.92 17.63
2009 8.46 21.83 29.27 14.55 8.46 19.31
2010 16.84 36.85 47.61 22.73 16.84 28.02
2011 12.61 22.70 31.85 15.15 12.61 19.09
2012 9.07 15.43 27.61 12.82 9.07 22.87

Total 144.89 285.11 400.24 192.31 144.89 282.82

Tulare County - Average Monthly Precipitation

Inches Visalia Station Lemon Cove Station Lindsay Station 405
Division
Station
Jan 1.85 2.47 1.99 3.14
Feb 1.83 2.20 2.04 3.30
Mar 1.28 2.04 1.56 2.53
Apr 1.40 1.79 1.62 1.90
May 0.35 0.58 0.49 0.83
Jun 0.16 0.11 0.06 0.19
Jul 0.01 0.01 0.03 0.05
Aug 0.01 0.00 0.01 0.05
Sep 0.03 0.04 0.06 0.13
Oct 0.62 0.77 0.74 1.24
Nov 0.90 1.19 1.05 1.65
Dec 2.02 2.59 2.40 3.80
Monthly 0.87 1.15 1.00 1.57
Average
Tulare County — Total Annual Precipitation
Inches Visalia Station Lemon Cove Station Lindsay Station 405
Division
Station
2000 12.91 16.55 12.84 21.57
2001 15.13 17.29 12.72 21.29
2002 6.34 9.8 8.98 15.8
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Table 3.1: Monthly and Yearly Precipitation by County and Station

2003 8.5 10.99 9.82 16.84
2004 97 9.88 9.25 17.14
2005 13.1 15.8 13.04 24.94
2006 16.43 18.72 14.94 23.28
2007 5.43 10.45 8.28 11.17
2008 7.54 10.26 9.5 15.14
2009 74 9.6 10.09 16.59
2010 17.33 25.02 23.49 283
2011 7.39 11.39 11.41 16.75
2012 8.53 13.78 12.07 15.59
Total 135.73 179.53 156.43 244.4

Temperature

Temperature describes the state of the
atmosphere in terms of heat or cold. In
the United States, temperature is
measured in terms of degrees
Fahrenheit (°F).

Data Source
Temperature data was obtained from
three sources. One precipitation source
came from Drought Atlas for the years
November 1980 to December 2012.
Another source was from the
IRI/LDEO Climate Data Library where
satellites average temperature over
climate Divisions 404 and 405 and
monthly temperature was obtained
from 1996 — 2013.

The last source is from the Department
of Water Resources California
Irrigation Management Information
System (CIMIS) weather station
network. They use a Fenwal
Thermistor and Rotronic to measure air
temperature and relative humidity.
Daily temperature is measured.

Station Location
Figure 3.2 shows the station location of
the three sources of temperature data
for the study area.

CIMIS Stations, and
NOAA Climate Zones
for the Temperature Data

1999 - 2015

Figure 3.2: Temperature Stations for Study Area
.~ |U.S. Drought Risk Atlas Stations, :
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Table 3.2 shows the start and end dates for the CIMIS temperature stations. Out of nine stations in Fresno County,
six have data throughout the entire period. Out of five stations in Kern County, three have data throughout the entire
period. The only station in Kings County does have data during the entire study period. Out of four stations in San
Luis Obispo County, one has data throughout the entire period. Out of four stations in Tulare County, only one has
data throughout the entire period.

Table 3.2: CIMIS Stations Start and End Dates by

County Location

Station Start Date End Date
Number
Fresno County
2 Before January 1996 After December 2017
7 Before January 1996 After December 2017
39 Before January 1996 After December 2017
80 Before January 1996 December 2002
105 Before January 1996 After December 2017
124 Before January 1996 After December 2017
142 January 1999 After December 2017
190 May 2003 November 2010
205 March 2010 After December 2017
Kern County
5 Before January 1996 December 2013
54 Before January 1996 After December 2017
125 Before January 1996 After December 2017
138 September 1997 December 2015
146 October 1998 After December 2017
Kings County
15 Before January 1996 After December 2017
San Luis Obispo County
52 Before January 1996 After December 2017
160 November 2000 December 2003
163 November 2000 November 2010
202 August 2006 After December 2017
Tulare County
86 Before January 1996 After December 2017
169 August 2000 After December 2017
182 March 2002 After December 2017
203 October 2006 December 2016

Data Variability

Table 3.3 shows the temperature variabilities by Station for the Drought Atlas and IRI sources. Table 3.4 shows the
temperature variabilities for the CIMIS stations.

For Fresno County, the monthly average temperature over time and across Stations and sources of Stations varies by
5 degrees Fahrenheit. All Stations were consistent in recording July as the consistent average hottest month and
January was recorded as the coldest month for the Drought Atlas and IRI Stations. For CIMIS, all Stations registered
December as the coldest month. All Stations from all sources with data during that timeframe (2000 — 2016), except
Pineflat, found 2006 as the hottest year on record.
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For Kern and Kings Counties, the monthly average temperature over time and across Stations varies by 3 degrees
Fahrenheit. All Stations from all sources were consistent in recording July as the consistent average hottest month
and January/December as the recorded coldest month. All Stations from Drought Atlas and IRI found 2006 as the
hottest year on record. However, CIMIS stations found two out of six stations recording 2006 as the hottest year on
record, but two stations found 2005 as the hottest and one station found 2003. The CIMIS station in Kings County
measured 2014 as the hottest year on record, followed by 2005 and 2006.

For San Luis Obispo County, the monthly average temperature over time and across Stations varies by 2 degrees
Fahrenheit for Drought Atlas and IRI sources. The CIMIS stations range on average between 52 — 58 degrees. Most
Stations recorded July as the consistent average hottest month. Division 4 and Santa Margarita found August to be
the hottest month on average and CIMIS station 202 recorded September and October has the hottest month. All
Stations recorded December/January as the recorded coldest month. Most Stations recorded 2006 as the hottest year
on record, except Salinas Dam and Santa Margarita which recorded 2012 as the hottest and CIMIS Station 52 and
202 that recorded 2015 as the hottest.

For Tulare County, the monthly average temperature over time and across Stations varies by 4 degrees Fahrenheit.
All Stations were consistent in recording July as the consistent average hottest month and December as the recorded
coldest month on average. Division 5 and Station 169 recorded January on average as the lowest. All Stations
showed 2006 as the hottest year on record, except CIMIS Station 203 that found 2014 has the hottest on record.

Overall, both NOAA climate zones have lower temperatures then all the Stations in every county. However,
temperature does not have that much variation by Station within each county and from county to county. Due to this
lack of variation and differences across Stations, taking the county-wide temperature for analyses in these areas may
show reliable results, however we do see variations between data sources that does change some of the seasonal
variability. Chapter 4 will drill further into the topic of a county-wide approach and the differences in results with
the various data sources.

Table 3.3: Monthly and Yearly Temperature by County and Station for Drought Atlas

and IRI Sources

Fresno County — Average Monthly Temperature
°F Kfat Coalinga Friant PineFlat Auberry 405
Station Station Station Station Station Division
Station
Jan 46.68 48.45 47.58 48.77 45.34 44.84
Feb 50.26 52.32 51.04 50.62 47.92 47.77
Mar 55.45 57.49 54.93 54.61 52.10 52.69
Apr 59.49 61.79 58.48 57.82 56.03 56.42
May 68.78 71.39 67.84 65.63 66.53 64.99
Jun 75.68 78.39 75.26 71.41 74.66 72.11
Jul 81.58 84.64 81.35 76.53 82.14 78.12
Aug 79.97 82.93 80.03 75.81 80.81 76.61
Sep 75.11 77.61 75.36 72.31 75.77 72.13
Oct 64.68 66.78 65.69 63.35 63.47 61.97
Nov 53.81 55.43 54.73 54.79 52.02 51.79
Dec 46.87 49.34 47.86 48.90 45.40 45.01
Monthly 63.20 65.55 63.35 61.71 61.85 60.37
Average
Fresno County — Maximum Temperature
°F Kfat Coalinga Friant PineFlat Auberry 405

59



Table 3.3: Monthly and Yearly Temperature by County and Station for Drought Atlas

and IRI Sources

Station Station Station Station Station Division
Station
2000 81.20 82.76 80.50 74.50 81.40 76.50
2001 81.91 83.30 80.79 73.02 81.86 77.00
2002 84.07 85.50 82.37 73.40 83.30 78.50
2003 86.46 86.31 84.41 75.50 85.58 80.70
2004 83.34 83.89 81.00 73.61 82.19 77.50
2005 86.80 87.31 84.16 75.07 84.68 80.60
2006 87.82 88.23 85.07 77.08 85.36 81.50
2007 83.19 83.62 81.02 74.43 81.25 77.20
2008 84.08 86.05 82.31 78.69 82.30 78.20
2009 74.34 86.73 82.17 75.39 83.28 78.70
2010 77.86 84.92 80.26 83.94 81.25 77.70
2011 76.61 82.81 78.55 82.76 80.36 76.90
2012 77.22 86.02 83.36 85.39 83.81 80.30
Average 87.82 88.23 85.07 85.39 85.58 81.50
Maximum
Kern County — Average Monthly Temperature
°F Bakersfield Station Buttonwillow Station Delano Station 405 Division
Station
Jan 48.69 47.70 47.47 44.84
Feb 52.84 52.27 50.34 47.77
Mar 57.96 57.41 55.23 52.69
Apr 61.91 61.67 58.93 56.42
May 71.20 71.03 67.29 64.99
Jun 78.26 77.64 73.61 7211
Jul 84.57 83.08 78.78 78.12
Aug 82.95 81.05 77.68 76.61
Sep 77.78 75.81 72.71 72.13
Oct 66.79 65.26 63.79 61.97
Nov 55.41 53.65 53.22 51.79
Dec 48.84 47.21 47.28 45,01
Average 65.60 64.48 62.19 60.37
Monthly
Kern County — Maximum Temperature
°F Bakersfield Station Buttonwillow Station Delano Station 405 Division
Station
2000 81.92 80.45 76.01 76.50
2001 82.60 81.69 76.43 77.00
2002 85.66 82.89 82.07 78.50
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Table 3.3: Monthly and Yearly Temperature by County and Station for Drought Atlas

and IRI Sources

2003 87.44 85.12 77.28 80.70
2004 83.90 82.97 79.19 77.50
2005 87.63 85.97 85.44 80.60
2006 87.90 86.12 87.46 81.50
2007 83.52 82.05 81.85 77.20
2008 85.02 83.89 82.94 78.20
2009 86.45 84.18 72.44 78.70
2010 84.05 82.41 76.64 77.70
2011 83.74 82.13 74.60 76.90
2012 86.95 83.86 78.09 80.30
Average 87.90 86.12 87.46 81.50
Maximum

Kings County - Average Monthly Temperature

°F Visalia Station 405 Division Station
Jan 47.51 44.84
Feb 51.47 47.77
Mar 56.42 52.69
Apr 60.36 56.42
May 69.22 64.99
Jun 75.85 72.11
Jul 81.14 78.12
Aug 79.32 76.61
Sep 74.86 72.13
Oct 65.41 61.97
Nov 54.16 51.79
Dec 47.45 45.01
Monthly 63.60 60.37

Average
Kings County — Maximum Temperature

°F Visalia Station 405 Division Station
2000 79.79 76.50
2001 80.27 77.00
2002 82.16 78.50
2003 83.81 80.70
2004 80.77 77.50
2005 83.06 80.60
2006 83.91 81.50
2007 79.91 77.20
2008 81.02 78.20

61



Table 3.3: Monthly and Yearly Temperature by County and Station for Drought Atlas

and IRI Sources

2009 82.44 78.70
2010 80.81 77.70
2011 79.44 76.90
2012 81.60 80.30
Average 83.91 81.50
Maximum

San Luis Obispo County - Average Monthly Temperature

°F Morro Bay  Salinas Dam Santa Paso Robles  Paso Robles 404

Station Station Margarita Station Airport Division

Station Station Station
Jan 47.83 49.62 50.59 47.18 47.83 49.34
Feb 49.76 50.32 51.47 49.22 49.76 50.96
Mar 53.50 53.29 54.14 53.17 53.50 53.74
Apr 56.49 55.69 56.23 55.90 56.49 55.54
May 64.30 61.28 61.30 63.12 64.30 60.20
Jun 69.66 65.65 65.28 68.34 69.66 64.05
Jul 74.11 69.72 68.33 72.15 74.11 66.49
Aug 73.61 69.83 68.62 71.70 73.61 66.62
Sep 70.41 67.80 67.20 69.11 70.41 65.76
Oct 61.80 61.58 62.01 61.16 61.80 60.88
Nov 52.87 54.81 55.60 52.33 52.87 54.39
Dec 47.40 49.41 50.22 46.87 47.40 49.29
Monthly 60.15 59.08 59.25 59.19 60.15 58.11

Average
San Luis Obispo County — Maximum Temperature

°F Morro Bay  Salinas Dam Santa Paso Robles  Paso Robles 404

Station Station Margarita Station Airport Division

Station Station Station
2000 75.11 71.63 71.57 71.66 75.11 66.60
2001 73.66 68.29 66.59 71.99 73.66 66.10
2002 73.34 68.61 66.98 71.50 73.34 66.40
2003 76.79 69.78 68.10 72.50 76.79 68.10
2004 73.20 68.29 67.33 70.76 73.20 67.20
2005 77.29 70.02 68.06 74.99 77.29 67.90
2006 78.94 73.53 71.08 78.29 78.94 69.80
2007 74.94 68.58 68.45 73.89 74.94 67.30
2008 75.11 69.93 69.87 74.29 75.11 67.30
2009 75.02 68.50 67.79 73.92 75.02 68.00
2010 71.79 67.70 67.56 69.28 71.79 66.60
2011 72.73 73.44 70.87 71.08 72.73 67.40
2012 77.08 78.52 76.02 76.03 77.08 67.90
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Table 3.3: Monthly and Yearly Temperature by County and Station for Drought Atlas

and IRI Sources

Average 78.94 78.52 76.02 78.29 78.94 69.80
Maximum

Tulare County - Average Monthly Temperature

°F Visalia Station Lemon Cove Station Lindsay Station 405 Division
Station
Jan 4751 47.99 47.70 44.84
Feb 51.47 52.06 51.46 47.77
Mar 56.42 57.06 56.59 52.69
Apr 60.36 61.01 60.83 56.42
May 69.22 69.79 69.14 64.99
Jun 75.85 76.49 75.76 72.11
Jul 81.14 82.24 81.48 78.12
Aug 79.32 80.47 79.72 76.61
Sep 74.86 75.74 74.86 72.13
Oct 65.41 65.81 64.67 61.97
Nov 54.16 54.85 53.94 51.79
Dec 47.45 47.86 47.52 45.01
Monthly 63.60 64.28 63.64 60.37
Average
Tulare County — Maximum Temperature
°F Visalia Station Lemon Cove Station Lindsay Station 405 Division
Station
2000 79.79 81.04 79.57 76.50
2001 80.27 80.79 80.41 77.00
2002 82.16 82.61 81.15 78.50
2003 83.81 84.69 84.49 80.70
2004 80.77 81.46 81.62 77.50
2005 83.06 85.71 84.73 80.60
2006 83.91 86.23 85.04 81.50
2007 79.91 81.20 81.52 77.20
2008 81.02 82.59 82.10 78.20
2009 82.44 83.19 82.34 78.70
2010 80.81 81.79 80.59 77.70
2011 79.44 80.40 79.05 76.90
2012 81.60 82.92 83.18 80.30
Average 83.91 86.23 85.04 81.50
Maximum

Table 3.4: Monthly and Yearly Temperature by County and CIMIS Station

Fresno County - Average Monthly Temperature
°F Station  Station  Station  Station  Station  Station  Station  Station  Station |
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Table 3.4: Monthly and Yearly Temperature by County and CIMIS Station

2 7 39 80 105 124 142 190 205
Jan 43.44 46.19 46.57 46.67 45.88 46.13 45.44 45.00 47.04
Feb 49.60 51.00 50.99 48.82 50.61 50.90 49.01 48.66 51.90
Mar 55.75 56.12 56.27 55.30 56.06 56.03 54.72 55.22 57.48
Apr 60.30 60.18 60.35 57.84 60.82 59.89 59.36 59.56 61.56
May 67.74 67.72 68.42 68.22 69.12 67.39 68.07 68.67 68.79
Jun 74.68 74.25 75.41 74.76 75.84 73.53 76.56 75.48 78.59
Jul 79.13 77.26 80.23 77.95 80.08 76.75 81.60 81.47 83.42
Aug 77.55 76.06 78.20 78.40 78.33 74.49 79.35 78.90 81.81
Sep 73.17 72.33 72.75 73.20 74.02 71.05 74.01 73.72 77.01
Oct 62.32 63.22 62.25 62.26 63.68 62.38 63.31 63.34 65.19
Nov 48.23 52.82 51.79 52.60 52.80 52.54 52.26 52.58 54.37
Dec 41.66 45.23 45.15 45.36 44.89 45.55 4531 44.68 45.15

Monthly 61.13 61.87 62.37 61.78 62.68 61.38 62.42 63.05 64.75
Average

Fresno County - Maximum Temperature

°F Station  Station  Station  Station  Station  Station  Station  Station  Station
2 7 39 80 105 124 142 190 205

2000 77.22 75.77 77.31 78.33 75.85 75.34 78.23

2001 78.20 76.74 78.52 79.07 77.87 75.80 79.56

2002 79.83 78.22 80.36 81.14 79.59 76.40 81.91

2003 81.15 81.02 81.69 79.99 79.98 83.69 82.87

2004 77.82 77.06 79.68 78.95 74.84 81.07 79.14

2005 82.27 81.30 82.74 83.10 80.04 84.01 83.27

2006 82.94 81.74 83.29 83.85 80.67 85.02 83.60

2007 78.17 77.09 79.68 79.81 75.70 80.31 79.84

2008 79.57 78.09 80.03 80.25 76.37 80.92 81.52

2009 81.12 79.20 80.87 82.86 77.07 82.33 82.52

2010 79.36 77.18 79.75 79.57 77.27 80.24 80.95 82.15
2011 77.38 75.40 78.89 78.91 75.38 79.43 80.81
2012 80.18 77.76 80.57 80.69 77.13 81.41 84.24
2013 80.48 79.20 82.26 83.27 78.15 83.35 85.37
2014 81.71 80.18 82.35 81.52 78.61 84.24 84.81
2015 79.40 79.11 80.99 82.18 77.40 81.99 82.44
2016 80.62 79.51 81.24 82.07 75.94 83.17 83.86
2017 81.52 81.20 82.55 84.73 78.34 85.13 86.69

Average 82.94 81.74 83.29 82.43 84.73 80.67 85.13 83.60 86.69
Maximum

Kern County - Average Monthly Temperature

°F Station 5 Station 54 Station 125 Station 138 Station 146
Jan 46.04 44.32 46.88 45.97 45.60
Feb 50.25 50.53 52.20 50.29 51.04
Mar 55.51 56.06 56.66 54.54 56.48
Apr 59.70 60.31 61.11 59.04 61.20
May 68.34 68.11 69.83 66.82 68.78
Jun 74.08 75.88 77.30 73.75 76.01
Jul 79.65 81.07 82.73 79.30 80.56
Aug 77.64 79.37 80.83 76.39 78.81
Sep 72.71 74.24 75.41 73.00 73.87
Oct 61.61 63.37 64.07 61.69 62.95
Nov 51.55 52.85 52.86 51.27 53.01
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Table 3.4: Monthly and Yearly Temperature by County and CIMIS Station

Dec 44,71 46.01 46.17 45.24 46.34
Monthly 61.73 62.68 63.84 61.44 62.85
Average

Kern County - Maximum Temperature

°F Station 5 Station 54 Station 125 Station 138 Station 146

2000 76.83 79.26 81.44 78.09 80.78

2001 78.13 80.92 81.63 78.17 80.68

2002 79.46 83.24 83.38 80.77 82.22

2003 80.74 85.20 78.27 82.15 83.47

2004 79.70 81.82 82.82 79.13 81.28

2005 82.54 86.20 85.88 81.16 83.93

2006 82.38 85.17 86.03 81.87 83.06

2007 78.90 80.11 82.10 78.25 79.95

2008 80.86 81.53 83.48 79.04 80.50

2009 80.43 82.95 84.05 79.96 81.09

2010 79.83 80.71 82.48 78.18 78.93

2011 78.29 78.67 81.51 77.05 77.60

2012 82.30 83.49 80.24 79.87

2013 67.89 83.39 84.75 81.62 80.72

2014 83.07 84.54 81.31 81.17

2015 79.79 81.96 78.88 79.01

2016 82.07 83.74 80.68

2017 84.55 87.45 82.93
Average 82.54 86.20 87.45 82.15 83.93

Maximum

Kings County - Average Monthly Temperature

°F Station 15
Jan 45.70
Feb 50.23
Mar 56.19
Apr 59.59
May 68.91
Jun 76.08
Jul 80.01
Aug 79.29
Sep 74.04
Oct 62.34
Nov 52.78
Dec 45.30

Monthly Average 62.54
Kings County - Maximum Temperature

°F Station 15
2000 78.85
2001 78.88
2002 80.83
2003 83.24
2004 80.28
2005 83.53
2006 83.83
2007 79.91
2008 81.66
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Table 3.4: Monthly and Yearly Temperature by County and CIMIS Station

2009 82.85
2010 77.04
2011 79.51
2012 81.47
2013 83.28
2014 84.12
2015 81.96
2016 82.84
2017 83.93
Average Maximum 84.12
San Luis Obispo County - Average Monthly Temperature
°F Station 52 Station 160 Station 163 Station 202
Jan 52.67 50.58 45.05 51.75
Feb 53.16 52.42 43.35 49.65
Mar 54.37 52.82 49.74 53.83
Apr 55.16 40.20 52.71 54.31
May 58.87 56.37 60.13 54.94
Jun 61.35 58.77 64.11 55.34
Jul 63.38 60.24 69.48 57.86
Aug 63.91 58.71 67.37 58.70
Sep 64.22 60.65 63.26 59.24
Oct 61.54 58.25 54.77 59.81
Nov 57.74 46.98 50.07 54.66
Dec 51.59 38.49 44.82 50.21
Monthly Average 58.16 52.34 55.40 55.10
San Luis Obispo County - Maximum Temperature
°F Station 52 Station 160 Station 163 Station 202
2000 64.54 53.83 45.57
2001 63.77 60.68 68.75
2002 63.11 60.21 68.85
2003 66.15 61.29 73.61
2004 64.57 67.72
2005 62.50 71.58
2006 66.13 73.92 59.56
2007 63.43 69.76 59.82
2008 63.87 69.62 59.87
2009 64.58 69.51 59.30
2010 64.74 64.66 58.87
2011 62.52 56.38
2012 63.57 61.21
2013 64.52 60.34
2014 67.19 62.08
2015 70.09 66.32
2016 64.98 61.47
2017 67.76 63.12
Average Maximum 71.02 61.29 73.92 66.32
Tulare County - Average Monthly Temperature
°F Station 86 Station 169 Station 182 Station 203
Jan 45.78 43.98 45,54 42.62
Feb 49.07 48.30 50.02 48.02
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Table 3.4: Monthly and Yearly Temperature by County and CIMIS Station

Mar 55.20 54.52 54.30 55.41
Apr 60.49 58.82 60.82 60.55
May 68.92 67.43 68.77 68.15
Jun 73.98 74.71 76.31 76.07
Jul 80.35 79.60 78.85 78.93
Aug 79.68 77.23 75.60 79.12
Sep 74.36 72.40 72.75 73.93
Oct 63.51 61.74 62.57 62.93
Nov 53.13 50.57 51.91 51.18
Dec 45.64 44.04 41.91 42.87
Monthly Average 62.51 61.33 61.92 61.80
Tulare County - Maximum Temperature
°F Station 86 Station 169 Station 182 Station 203
2000 79.76 73.51
2001 80.41 76.96
2002 82.63 78.64 82.17
2003 84.07 80.34 83.49
2004 81.70 78.19 81.29
2005 84.76 81.36 83.88
2006 84.67 82.07 84.66 77.45
2007 81.42 78.06 80.44 79.68
2008 81.47 78.79 80.45 80.41
2009 82.98 76.44 73.47 81.05
2010 81.81 79.50 80.51 76.24
2011 80.99 78.51 77.74 78.93
2012 80.27 80.33 82.72 81.85
2013 84.14 81.38 81.51 83.87
2014 83.55 81.62 83.94 84.76
2015 81.75 80.60 81.51 81.74
2016 82.50 80.74 81.44 83.44
2017 84.08 83.45 82.54
Average Maximum 84.76 83.45 84.66 84.76
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Wind Speed

Wind speed is the speed of air moving from a
high-pressure to a low-pressure area. It is
usually related to changes in temperature.

Data Source

Wind data was obtained from the Department
of Water Resources CIMIS weather station
network. They use a three-cup anemometer
that uses a magnet activated reed switch that
reads at a frequency proportional to wind
speed. Daily average wind speed is measured.
Wind speed is measured in miles per hour

(mph).

Station Location
Figure 3.3 shows the location of the stations
that measure wind speed for the study area.

Data Variability
Table 3.5 shows the wind speed variabilities

by Station for the CIMIS stations.

In Fresno County, the CIMIS stations measure
average wind speeds between 3 — 7 mph. All
Stations in Fresno County measure peak winds
during April — June season, except Station
142’s peak wind season appeared to be May —
July. All of the CIMIS stations in Fresno
County also vary on when their maximum
monthly average wind speed is the highest.
Station 2 measured peaks in 2000, 2002, and

Figure 3.3: Stations Monitoring Wind Speed for
Study Area
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In Kern County, the CIMIS stations measured average wind speeds between 3.5 — 5 mph. All Stations in Kern
County measured peak winds during April — June or March — June season. All the CIMIS stations in Kern County
also vary on when their maximum monthly average wind speed is the highest. Station 5 measured peaks in 2010 -
2011. Station 54 measured peaks in 2003-2004, 2009, and 2015. Station 125 measured no high peaks. Station 138
measured a peak in 2012 and station 46 measured peaks in 2010-2011. Compared to Fresno County, the range of the
maximum wind speeds were higher for Kern County, 4.7 — 9.2 mph.

In Kings County, the CIMIS station measured average wind speeds between 3 — 6 mph. Station 15 saw a higher
peak of wind speeds in April — June and saw maximum peaks in 2012 and 2013.

Two Stations in San Luis Obispo County measure peak winds during April — June. Station 52 had a steady 3 mph
wind speed per month and Station 160 saw peaks in February/March and again in May/June. All the CIMIS stations
in San Luis Obispo County also vary on when their maximum monthly average wind speed is the highest. Station 52
measured a peak in 2000. Station 160 measured a peak in 2002. Station 163 and Station 202 measured no high
peaks. Compared to Kern County, the range of the maximum wind speeds were less for San Luis Obispo County, 3
—5 mph.
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All stations in Tulare County measure peak winds during April — June, except Station 86 that measured the peak
season between May - July. The stations on average had wind speeds between 2.7 — 4.23 mph.

All the CIMIS stations in Tulare County also vary on when their maximum monthly average wind speed is the
highest. Station 86 measured a peak in 2015-2016 and a smaller peak in 2010-2011. Station 169 measured a peak in
2017 and a smaller one in 2011 - 2013. Station 163 measured a peak in 2015 — 2016 and 2003 — 2004 and Station
203 measured peaks in 2008 — 2010. Compared to San Luis Obispo County, the range of the maximum wind speeds
were similar for Tulare County, 3.76 — 5.85 mph.

Unlike other variables described in the sections before, there does seem to be more variation and seasonality of the
variation between Station within a county and between counties. Although wind speed is said to be directly related
to temperature and pressure zones, we see more variability in station to station, than we did with CIMIS temperature
data.

Table 3.5: Monthly and Yearly Wind Speed by County and CIMIS Station

Fresno County - Average Monthly Wind

mph Station  Station  Station  Station  Station  Station  Station  Station  Station
2 7 39 80 105 124 142 190 205
Jan 4.49 3.26 3.20 3.78 4.30 3.94 3.00 3.63 4.25
Feb 5.36 3.73 3.54 4.12 4.95 4.65 3.18 451 5.29
Mar 5.98 411 4.00 4.56 5.43 5.19 3.67 5.18 5.73
Apr 7.04 4.83 4.60 5.18 6.57 6.26 4.22 5.70 6.17
May 7.20 5.17 4.74 5.88 6.80 6.51 4.74 5.71 6.42
Jun 6.67 5.08 4.60 5.56 6.93 6.08 5.11 5.89 6.38
Jul 5.77 4.46 4.05 5.04 6.21 4.99 4.74 4.97 5.91
Aug 5.71 4.06 3.69 4.59 5.92 4.54 4.35 4.79 5.49
Sep 5.45 3.80 3.39 4.15 5.73 4.42 3.99 4.54 5.48
Oct 5.02 3.55 2.98 3.59 5.08 4.30 3.50 4.35 5.21
Nov 4.12 3.05 2.73 3.43 4.40 3.62 3.12 4.03 4.81
Dec 4.62 3.35 3.03 3.43 4.53 4.04 2.97 451 4.44
Monthly 5.62 4.04 3.71 4.44 5.57 4.88 3.88 4.82 5.48
Average

Fresno County - Maximum Wind
mph Station  Station  Station  Station  Station  Station  Station  Station  Station

2 7 39 80 105 124 142 190 205
2000 8.32 6.18 5.15 6.10 6.92 7.08 4.90
2001 7.52 6.29 4.70 5.96 9.61 7.43 5.23
2002 8.17 6.58 4.77 5.71 7.76 6.72 5.24
2003 7.23 5.83 4.75 6.61 6.72 4.99 7.52
2004 6.89 5.97 4.94 7.43 7.04 5.45 6.23
2005 7.44 5.82 4.96 7.28 6.63 5.25 5.92
2006 6.96 5.06 4.56 6.53 5.68 4.93 5.59
2007 7.54 5.30 4.87 8.07 6.54 5.36 5.65
2008 7.31 4.98 5.30 7.78 7.36 5.08 5.61
2009 7.73 4.75 4.77 7.59 6.70 5.09 5.88
2010 7.54 4.96 4.65 7.71 7.58 5.28 6.74 6.75
2011 7.17 4.48 5.13 6.53 6.88 4.80 6.53
2012 7.76 4.38 5.30 7.61 7.15 531 7.13
2013 8.20 4.46 4.92 7.87 6.80 5.28 7.06
2014 7.17 3.98 4.75 7.25 6.86 521 6.48
2015 6.65 3.90 4.72 6.21 6.19 5.61 6.20
2016 6.81 3.64 431 6.77 6.22 4.90 6.09
2017 7.76 4.47 5.06 6.66 6.15 4.96 6.49
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Table 3.5: Monthly and Yearly Wind Speed by County and CIMIS Station

Average 8.47 7.22 5.49 6.64 9.61 7.58 5.61 7.52 7.13
Maximum

Kern County - Average Monthly Wind

mph Station 5 Station 54 Station 125 Station 138 Station 146
Jan 3.38 3.80 3.09 3.37 3.01
Feb 3.74 4.62 3.54 3.81 3.60
Mar 3.75 5.20 3.72 3.86 4.30
Apr 4.27 6.15 4.15 4.02 4.60
May 4.18 6.50 4.33 3.99 441
Jun 3.71 6.61 4.20 3.83 4.05
Jul 3.17 6.40 3.77 3.54 3.69
Aug 3.09 5.61 3.60 3.36 3.45
Sep 3.13 5.20 3.41 3.32 3.42
Oct 2.93 4.56 3.31 3.20 3.24
Nov 2.73 3.91 2.96 2.99 3.02
Dec 3.17 3.97 3.04 3.28 3.17
Monthly 3.44 5.21 3.59 3.54 3.65
Average
Kern County - Maximum Wind
mph Station 5 Station 54 Station 125 Station 138 Station 146
2000 4.44 5.09 441 411 5.79
2001 3.80 8.56 4.37 3.83 5.17
2002 434 8.76 4.42 4.07 5.44
2003 4.42 9.11 4.52 3.97 5.26
2004 4.14 8.37 4.60 3.90 4.59
2005 4.14 7.81 4.37 3.82 4.75
2006 4.20 7.10 4.42 3.77 4.39
2007 4.15 7.58 4.47 3.96 4.43
2008 441 7.67 4.62 4.15 4.80
2009 434 8.34 4.69 4.16 4.84
2010 454 6.69 4.16 4.56 4.64
2011 454 6.90 3.96 4.56 4.76
2012 7.41 4.72 5.03 4.44
2013 7.71 4.73 4.69 4.35
2014 7.36 4.57 4.39 4.04
2015 9.25 431 4.44 4.44
2016 7.38 431 4.09
2017 7.44 4.69 4.16
Average 5.44 9.25 4.79 5.03 5.79
Maximum

Kings County - Average Monthly Wind

mph Station 15
Jan 4.05
Feb 4.62
Mar 5.24
Apr 6.14
May 6.59
Jun 6.39
Jul 5.56
Aug 5.38
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Table 3.5: Monthly and Yearly Wind Speed by County and CIMIS Station

Sep 4.94
Oct 4.31
Nov 3.86
Dec 4.06
Monthly Average 5.09
Kings County - Maximum Wind

mph Station 15
2000 6.84
2001 6.74
2002 6.98
2003 6.35
2004 6.71
2005 6.59
2006 6.62
2007 6.70
2008 7.11
2009 6.86
2010 7.10
2011 6.41
2012 7.33
2013 7.47
2014 6.97
2015 6.30
2016 6.68
2017 6.20
Average Maximum 7.72

San Luis Obispo County - Average Monthly Wind

mph Station 52 Station 160 Station 163 Station 202

Jan 3.74 4.48 2.79 3.82

Feb 3.83 4.93 2.68 3.88

Mar 3.76 5.10 3.02 4.03

Apr 3.78 3.84 3.24 4.04

May 3.72 5.35 3.32 4.11

Jun 3.56 5.21 3.15 4.08

Jul 3.33 4.95 2.98 3.96

Aug 3.25 4.88 2.76 3.75

Sep 3.19 4.38 2.59 3.53

Oct 3.45 4.20 2.50 3.63

Nov 3.64 4.01 2.44 3.49

Dec 3.64 3.13 2.69 3.53
Monthly Average 3.58 4.49 2.85 3.81

San Luis Obispo County - Maximum Wind

mph Station 52 Station 160 Station 163 Station 202

2000 7.17 4.50 2.34

2001 413 5.46 3.42

2002 3.90 5.59 3.41

2003 4.01 5.45 3.32

2004 3.66 3.59

2005 3.87 3.67
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Table 3.5: Monthly and Yearly Wind Speed by County and CIMIS Station

2006 4.56 3.43 4.40
2007 4.44 3.37 4.32
2008 4.69 3.67 5.03
2009 4.83 3.28 4.52
2010 4.17 3.51 4.32
2011 4.46 4.69
2012 4.07 4.17
2013 4.17 4.20
2014 4.00 4.55
2015 4.39 4.40
2016 5.00 3.64
2017 4.75 3.80
Average Maximum 7.17 5.59 3.67 5.03
Tulare County - Average Monthly Wind
mph Station 86 Station 169 Station 182 Station 203
Jan 2.22 2.68 2.70 3.37
Feb 2.39 3.02 3.05 3.86
Mar 2.65 3.36 3.28 4.43
Apr 2.99 3.40 3.70 5.03
May 3.24 3.62 3.75 5.41
Jun 3.28 3.41 3.60 5.33
Jul 3.12 3.35 3.16 4.64
Aug 3.01 3.15 3.07 4.38
Sep 2.77 2.81 3.03 4.14
Oct 2.48 2.50 2.75 3.82
Nov 2.15 2.35 2.46 3.20
Dec 2.15 2.50 2.38 3.33
Monthly Average 2.70 3.01 3.08 4.23
Tulare County - Maximum Wind
mph Station 86 Station 169 Station 182 Station 203
2000 3.17 2.93
2001 3.15 3.20
2002 3.20 3.59 3.78
2003 3.22 3.43 4.00
2004 3.16 3.63 4.15
2005 3.07 3.57 3.92
2006 3.10 3.61 3.81 4.97
2007 3.12 3.69 3.94 5.38
2008 3.10 3.68 3.92 5.84
2009 3.71 3.68 3.89 5.52
2010 3.54 3.98 3.73 5.70
2011 3.46 4.04 3.49 5.06
2012 3.59 4.04 3.64 5.61
2013 3.57 4.04 3.72 5.65
2014 3.55 3.70 3.61 5.52
2015 3.67 3.94 4.15 5.31
2016 3.76 3.77 4.09 5.44
2017 3.56 4.12 3.81
Average Maximum 3.76 4.12 4.15 5.84
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Evapotranspiration (ETo)

Figure 3.4: ETo Stations for Study Area

Evapotranspiration (ETo) is the term used to describe
the loss of water to the atmosphere by the combined
processes of evaporation (from soil and plant surfaces)
and transpiration (from plant tissues). ET is measured
in inches. A high ETo value represents more water loss
and usually indicates a drier environment.

Data Source

ETo was obtained from the Department of Water
Resources CIMIS weather station network.

CIMIS uses the Penman-Monteith equation and a
version of Penman's equation modified by
Pruitt/Doorenbos (Proceedings of the International
Round Table Conference on "Evapotranspiration”,
Budapest, Hungary. 1977). The Modified Penman
employs a wind function developed at UC Davis and is
therefore referred to as the CIMIS Penman equation in
different literatures. CIMIS uses hourly weather data to
calculate hourly ETo and adds them up over 24 hours
(midnight to midnight) to estimate daily ETo.

Station Location

Figure 3.4 shows the location of the stations that
measure ETo for the study area. Table 3.6 shows the
Station Names by county location. Those with smaller

Sacramento
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number station IDs are the oldest stations and have the longest records.

Table 3.6: CIMIS
Station IDs by County

County Station IDs

Fresno 2,7, 39, 80,
105, 124, 142,
190, 205

Kern 5,54, 125,
138, 146

Kings 15

Tulare 86, 169, 182,
203

San Luis 52, 160, 163,

Obispo 202

Data Variability

Table 3.7 shows the ETo variabilities by Station for the CIMIS stations.

For Fresno County, the average monthly ETo values range from 4.45 — 5.70 inches across Stations. All stations

found June and July to be the months with the highest ETo, between 8-10 inches. There is no consensus on the year
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with the highest ETo. The total ETo from 2000 — 2017 does indicate that station 2 and station 105 are in drier parts
of the county.

For Kern County, the average monthly ETo values range from 4.6 — 5.3 inches across Stations. All stations found
June and July to be the months with the highest ETo, between 7.5-9 inches. There is no consensus on the year with
the highest ETo. The total ETo from 2000 — 2017 does indicate that station 54 and station 125 are probably similar
climatology and are in the drier parts of the county.

For Kings County, the average monthly ETo values is 5.1. All stations found June and July to be the months with
the highest ETo, between 8-9 inches. The highest total ETo for a year was in 20009.

For San Luis Obispo County, the average monthly ETo values range from 3.61 — 4.25 inches across Stations. All
stations found June and July to be the months with the highest ETo, between 4 — 6.5 inches. There is ho consensus
on the year with the highest ETo. Station 202 has consistently ETo values that are 10 inches less than the other
Stations.

For Tulare County, the average monthly ETo values range from 4 - 5 inches across Stations. All stations found June
and July to be the months with the highest ETo, between 8 — 9 inches. There is no consensus on the year with the
highest ETo.

Overall, with ETO, there were similarities with monthly high and lows compared to temperature and precipitation
variables described in an earlier section. However, unlike those variables, ETo may do a better job at looking at
trends across the years and the data does capture several droughts in 2007 — 2009 and 2013 — 2015.

Table 3.7: Monthly and Yearly ETo by County and CIMIS Station

Fresno County - Average Monthly ETo
inches Station Station Station Station  Station Station Station  Station  Station

2 7 39 80 105 124 142 190 205

Jan 1.35 1.10 1.07 1.06 1.29 1.27 1.24 1.37 1.89
Feb 2.19 2.00 1.84 1.68 2.17 211 1.91 211 2.68
Mar 4.30 3.91 3.66 3.63 4.22 4.10 3.65 4.23 4.16
Apr 6.11 5.48 5.14 5.37 6.07 5.82 5.07 5.61 6.22
May 8.26 7.46 7.08 7.44 8.30 7.88 7.35 7.65 8.23
Jun 8.92 8.15 791 8.20 9.14 8.68 8.66 8.63 9.52
Jul 9.01 8.17 8.07 8.48 9.38 8.44 9.02 8.85 0.88
Aug 8.26 7.36 7.16 7.66 8.39 7.37 8.07 8.04 8.92
Sep 6.41 5.62 5.35 5.59 6.49 5.73 6.05 6.27 6.97
Oct 4.39 3.84 3.42 3.61 4.39 3.99 3.82 411 4.79
Nov 2.13 1.77 1.67 1.68 2.14 1.93 1.93 2.23 2.53
Dec 1.33 1.02 1.06 1.06 1.32 1.26 1.21 1.26 1.84
Monthly 5.21 4.66 4.45 4.62 5.27 4.88 4.83 5.10 5.70

Average

Fresno County - Total ETo
inches Station Station Station  Station  Station Station Station  Station  Station

2 7 39 80 105 124 142 190 205

2000 60.51 57.09 53.04 55.53 56.16 56.51 56.15

2001 65.13 60.04 55.05 58.35 62.94 61.57 59.48

2002 59.11 53.60 57.70 64.61 59.62 59.02

2003 60.53 56.64 52.83 61.26 58.18 57.29 49.05
2004 60.40 57.27 53.18 64.02 59.03 57.56 62.71
2005 59.95 53.49 51.33 59.55 55.30 54.71 57.46
2006 60.58 50.56 47.33 59.34 49.72 53.44 50.92
2007 63.76 56.49 54.47 67.23 57.17 56.67 57.63
2008 63.18 60.39 57.52 67.40 62.73 60.23 64.56
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Table 3.7: Monthly and Yearly ETo by County and CIMIS Station

2009 65.58 59.09 53.19 68.62 65.19 58.59 65.19
2010 60.73 53.41 49.75 59.10 57.72 55.62 62.02 57.32
2011 57.56 51.26 51.22 60.51 57.17 55.23 62.58
2012 63.22 54.34 54.58 66.69 61.58 56.98 70.12
2013 67.88 55.18 54.92 70.11 61.71 61.16 72.46
2014 67.95 54.26 57.99 70.67 60.49 63.03 71.54
2015 65.37 54.95 54.48 66.30 57.13 60.50 68.33
2016 65.91 54.93 56.29 65.26 60.99 59.75 67.75
2017 64.12 57.52 53.30 65.04 59.88 60.06 66.14
Total 1,318.44 1,229.76 1,174.85 1,392.33 1,288.79 1,101.83
Kern County - Average Monthly ETo
inches Station 5 Station 54 Station 125 Station 138 Station 146
Jan 1.26 1.56 1.49 1.38 1.42
Feb 211 2.28 2.29 2.09 2.28
Mar 3.96 4.34 411 3.80 4.18
Apr 5.37 5.97 5.58 5.13 5.56
May 7.28 8.05 7.63 6.86 7.46
Jun 7.86 9.01 8.71 7.80 8.18
Jul 8.07 9.69 9.15 7.93 8.40
Aug 7.31 8.64 8.54 7.43 7.60
Sep 5.67 6.45 6.19 5.59 5.80
Oct 3.74 421 4,13 3.65 3.81
Nov 1.90 2.14 2.07 1.88 2.04
Dec 1.27 1.48 1.43 1.32 1.46
Monthly 4.65 5.32 5.11 4,57 4.80
Average
Kern County - Total ETo
inches Station 5 Station 54 Station 125 Station 138 Station 146
2000 55.55 59.68 57.78 53.13 62.75
2001 56.44 67.58 62.56 53.81 22.02
2002 55.60 68.85 63.37 55.34 62.36
2003 54.07 64.27 59.25 53.85 58.81
2004 56.96 67.10 63.86 56.36 60.51
2005 53.97 65.12 58.92 52.24 56.33
2006 53.12 64.18 58.02 47.99 53.17
2007 56.83 66.02 60.22 53.89 56.78
2008 57.48 66.71 64.04 56.35 59.24
2009 57.82 65.96 62.06 57.65 58.70
2010 54.98 60.43 58.64 55.42 54.96
2011 54.04 60.03 60.07 54.62 52.39
2012 67.94 63.53 58.31 57.18
2013 68.18 63.16 59.73 58.93
2014 69.41 66.10 61.03 61.27
2015 66.66 61.10 58.42 58.26
2016 67.72 62.77 58.44
2017 64.96 63.43 56.21
Total 1,404.17 1,349.23 1,075.43
Kings County - Average Monthly ETo
inches Station 15
Jan 1.258
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Table 3.7: Monthly and Yearly ETo by County and CIMIS Station

Feb 2.125
Mar 4,180
Apr 5.937
May 8.138
Jun 8.947
Jul 9.091
Aug 8.226
Sep 6.265
Oct 4.190
Nov 2.093
Dec 1.286
Monthly Average 5.145
Kings County - Total ETo
inches Station 15
2000 59.45
2001 63.15
2002 63.35
2003 61.26
2004 61.21
2005 59.56
2006 53.16
2007 64.96
2008 65.46
2009 67.05
2010 60.60
2011 58.94
2012 65.55
2013 67.24
2014 66.67
2015 63.54
2016 65.42
2017 65.17
Total 1,358.18
San Luis Obispo County - Average Monthly ETo
inches Station 52 Station 160 Station 163 Station 202
Jan 2.29 2.06 1.67 2.15
Feb 2.48 242 2.15 2.46
Mar 3.91 3.85 3.73 3.59
Apr 4.82 4.30 4.65 4.59
May 5.71 5.81 6.19 4,98
Jun 6.07 6.09 6.64 4.94
Jul 6.22 6.04 6.91 4.90
Aug 5.74 5.48 6.42 4.37
Sep 4.83 4.59 5.05 3.74
Oct 3.96 3.52 3.50 3.34
Nov 2.65 243 1.99 2.38
Dec 2.16 1.95 1.52 1.94
Monthly 4.24 3.95 4.18 3.61
Average
San Luis Obispo County - Total ETo
inches Station 52 Station 160 Station 163 Station 202
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Table 3.7: Monthly and Yearly ETo by County and CIMIS Station

2000 47.11 5.20 1.78
2001 49.46 47.34 52.69
2002 50.66 49.40 52.52
2003 48.11 48.05 50.84
2004 49.29 52.25
2005 47.27 46.68
2006 45.68 44.36
2007 49.87 50.46 44.14
2008 52.61 52.51 45.03
2009 50.02 51.13 43.48
2010 48.79 50.45 41.66
2011 51.18 43.58
2012 51.59 43.78
2013 54.58 44.63
2014 53.73 42.33
2015 53.84 43.49
2016 52.20 41.36
2017 52.81 42.87
Total 1,118.11
Tulare County - Average Monthly ETo
inches Station 86 Station 169 Station 182 Station 203
Jan 1.17 1.24 1.19 1.37
Feb 1.75 1.96 2.03 2.09
Mar 3.49 3.71 3.83 3.99
Apr 4.83 4,92 5.18 5.58
May 6.81 6.88 7.00 7.39
Jun 7.78 7.80 7.97 8.63
Jul 8.09 8.01 8.18 9.02
Aug 7.25 7.22 7.44 8.17
Sep 5.36 5.37 5.49 6.10
Oct 3.43 341 3.40 3.90
Nov 1.74 1.81 1.78 2.06
Dec 1.11 1.17 1.19 1.28
Monthly 4.40 4,44 4,59 4,94
Average
Tulare County - Total ETo
inches Station 86 Station 169 Station 182 Station 203
2000 53.32 17.96
2001 54.74 52.94
2002 52.85 54.64 47.85
2003 51.72 54.75 53.8
2004 54.05 53.59 55.71
2005 48.43 51.2 52.97
2006 49.86 46.12 48.34
2007 55.07 51.2 54.72 59.76
2008 54.48 54.89 55.48 59.68
2009 55.37 54.85 54.13 59.93
2010 51.3 50.95 53.05 53.99
2011 50.88 51.77 51.68 59.42
2012 51.89 52.77 54.47 56.03
2013 56.27 56.15 57.51 63.23
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Table 3.7: Monthly and Yearly ETo by County and CIMIS Station

2014 56.26 58.36 58.58 64.45
2015 53.64 56.79 57.23 61.31
2016 54.98 56.3 57.65

2017 53.05 53.1 54.7

Total 1161.58 928.33

El Nifio Southern Oscillation Index

El Nifio and the Southern Oscillation, also known as ENSQO is an inter-seasonal fluctuation (i.e., every 2—7 years) in
sea surface temperature and the air pressure of the atmosphere over the equatorial Pacific Ocean. The presence of
an El Nifio, or its opposite — La Nifia —modifies the flow of the atmosphere and affects normal weather conditions. A
weak EIl Nifio occurs when the peak Oceanic Nifio Index (ONI) is greater than or equal to 0.5 degrees Celsius (°C)
and less than or equal to 0.9°C. A moderate El Nifio occurs when the peak Oceanic Nifio Index (ONI) is greater than
or equal to 1.0°C and less than or equal to 1.4°C. A strong EI Nifio occurs when the peak Oceanic Nifio Index (ONI)
is greater than or equal to 1.5°C (Halbert, M).

Over California and the Southwest, the relationship between EI Nifio and more than average rainfall is dependent on
the strength of the EI Nifio. The stronger the EI Nifio signal, the more reliable of an impact on weather occurs.
Typically, when EI Nifio occurs, there is more precipitation than normal and other related events like floods and
landslides.

Data Source

The ENSO index was obtained from the National Oceanic and Atmospheric Administration - National Centers for
Environmental Information. Monthly sea surface temperatures (°C) and their anomalies from the average were
provided for 4 zones in the equatorial Pacific Ocean from 1982 — 2015.

Station Location
Figure 3.5 shows the areas of the ocean where the sea surface measurements are averaged.

Figure 3.5: El Nifio Southern Oscillation Index Measurement Zones
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Source (www.ncdc.noaa.gov)

Data Variability
Major EIl Nifio events occurred in 1997, 2002, 2009-2010, and 2015 as shown in Figure 3.6. Major La Nifia events

occurred in 1999, 2003, 2008, and 2011. Table 3.8 highlights that each station has a different range in sea surface
temperatures and Table 3.9 shows that the seasonality changes per station. NINO 1+2 is more likely to have their
negative anomaly (La Nifia) during October — February. NINO 3.4 is more likely to have their negative anomaly (La
Nifia) during January — May.
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According to Table 3.10, there is a pattern of more Valley Fever cases occurring per month during La Nifia events.
However, this is based on diagnosis date. The relationship between ENSO events and case exposures under the
various scenarios will be explored in the next chapter.

Figure 3.6: El Nino Southern Oscillation Index Anomalies,
Jan 1996 - Dec 2015
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Table 3.8: Descriptive Statistics on the El Nifio Southern Oscillation Index Stations

Degrees C NINO 1+2 NINO 3 NINO 4 NINO 3.4
Average 23.18 25.91 28.55 27.00
Standard Error .158 .085 .052 .069
Standard 2.45 1.33 .820 1.07
Deviation

Skewness 132 .093 -.538 -.037
Minimum 18.57 23.17 26.43 24.65
Maximum 29.15 29.14 30.3 29.6

Table 3.9: Average Monthly Anomalies by ENSO station

Degrees C  Average of NINO 1+2  Average of NINO3  Average of NINO4  Average of NINO3.4

ANOM ANOM ANOM ANOM
Jan -0.102 -0.232 -0.199 -0.313
Feb -0.034 -0.209 -0.148 -0.271
Mar 0.053 -0.100 -0.073 -0.183
Apr 0.138 -0.005 0.003 -0.094
May 0.225 0.001 0.024 -0.037
Jun 0.210 0.084 0.057 0.033
Jul 0.136 0.185 0.035 0.086
Aug 0.138 0.178 0.060 0.097
Sep 0.057 0.129 0.057 0.099
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Table 3.9: Average Monthly Anomalies by ENSO station

Oct -0.005 0.094 0.065 0.081
Nov -0.059 0.109 0.113 0.137
Dec -0.064 0.077 0.004 0.024
Average 0.058 0.026 0.000 -0.028

Table 3.10: ENSO Occurrences with Total Number of Valley Fever Cases by Diagnosis

Date
LA NINA NUETRAL EL NINO
Monthly Occurrences 70 76 46
Total Number of Cases 2,034 1,960 1,284
in Fresno County (29) (25) (27)
(Average)
Total Number of Cases 9,245 7,273 3,838
in Kern County (132) (95) (83)
(Average)
Total Number of Cases 970 822 518
in Kings County (13) (10) (11)
(Average)

Total Number of Cases 543 523 327
in San Luis Obispo @) (6) )
County (Average)

Total Number of Cases 795 828 633

in Tulare County (11) (11) (13)
(Average)
Total Number of Cases 13,587 11,406 6,600
Average Number of 194 150 143
Cases per Month

Soil Moisture

Palmer Drought Severity Index (PDSI)

The Palmer Drought Severity Index (PDSI) combines temperature and precipitation to estimate regional dryness and
drought. PDSI looks at the water balance and quantifies drought on a longer-term scale. Negative values indicate
drought and positive values indicate wet periods. It is a monthly value that indicates the severity of a wet and dry
spell. PDSI values of 0 to -.5 are considered normal; -0.5 to -1.0 are incipient drought; -1.0 to -2.0 are mild drought;
-2.0 to -3.0 are moderate drought; -3.0 to -4.0 are severe drought; anything over -4.0 is considered extreme drought.
The same categories (normal — extreme) are applied to the wet years, with positive values.

Data Source

The PDSI was obtained monthly from Drought Atlas from November 1980 to December 2012. The Visalia station
was used for Tulare County, Bakersfield station was used for Kern County, Morro Bay Station was used for San
Luis Obispo County, Fresno station was used for Fresno County, and Visalia station was used for Kings County as
there was no station in the region.

Station Location
Figure 3.7 shows the locations of the four PDSI monitoring Stations.
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Data Variability
The variability in the PDSI index per county seems to be

similar across stations, where there is a peak in the Figure 3.7: PDSI Stations for Study
index; it is reflected across all stations. For example, Area

January 2005 and January 2011 show a strong peak
across all stations, as shown in Figure 3.8. For all
four stations, the index has a larger negative value in
August and September (Table 3.11). However, the
magnitude of the peak is not similar. For example, the
station in Fresno County starts off with one of the
more extreme drought indexes in 2002-2004, but then
becomes the wettest station from 2010 to 2012. The
opposite relationship is true for San Luis Obispo
County.

U.S. Drought Risk Atlas Stations for the
1 Palmer Drought Severity Index (PDSI)
Data Stations, 1999 - 2012

In Table 3.12, we can see that Kern County has 85%
of the months on record in a drought versus Fresno
County with 66% of the months being a drought.
Spatially, the percentage of drought decreases as you
move north and towards the coast. This indicates that
looking at variables at a spatial level larger than a
county may be inappropriate. We also see a pattern
emerging with how many cases would be expected to
occur during a PDSI < 0, based on the percentage of
drought events. This pattern indicates that those
counties with less drought events during the time
period show that the number of cases is less than
expected. Again, this is based on diagnosis date. The
relationship between PDSI and case exposures under
the various scenarios will be explored in the next -
Chaptel’ PDSI Stations
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Figure 3.8: Palmer Drought Severity Index Based on Drought Atlas
Stations Over Time
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Table 3.11: Palmer Drought Severity Index Over Time and by County Station

PDSI Yearly Average
PDSI Index Fresno County Kern County Counties of Kings & San Luis
Tulare Obispo County
2000 -0.31 -0.51 0.62 2.93
2001 -1.52 -0.14 -0.07 1.97
2002 -3.24 -1.56 -1.49 -1.00
2003 -3.35 -1.70 -1.74 -0.48
2004 -3.82 -1.83 -1.47 -1.14
2005 -2.09 0.33 0.32 2.23
2006 -0.46 -0.45 0.43 0.85
2007 -3.56 -2.74 -2.42 -2.82
2008 -3.84 -3.78 -2.51 -3.44
2009 0.14 -3.16 -2.17 -4.68
2010 3.16 0.21 0.04 -2.28
2011 5.61 -0.38 -0.39 -0.52
2012 2.85 -1.86 -1.92 -3.38
Average -0.80 -1.35 -0.98 -0.90
PDSI Monthly Average
PDSI Index Fresno County Kern County Counties of Kings & San Luis
Tulare Obispo County

82



Table 3.11: Palmer Drought Severity Index Over Time and by County Station

Jan -0.79 -0.99 -0.90 -0.81
Feb -0.41 -0.93 -0.86 -0.70
Mar -0.47 -1.14 -0.96 -0.87
Apr -0.29 -1.01 -0.61 -0.87
May -0.28 -1.11 -0.61 -0.77
Jun -0.60 -1.59 -1.15 -0.79
Jul -0.96 -1.72 -1.29 -0.84
Aug -1.22 -1.87 -1.37 -0.90
Sep -1.47 -1.99 -1.47 -1.45
Oct -1.12 -1.54 -0.91 -1.12
Nov -1.21 -1.44 -0.95 -0.96
Dec -0.81 -0.89 -0.70 -0.78
Average -0.80 -1.35 -0.98 -0.90

Table 3.12: Number of Actual Cases during a Drought Compared to Expected Number

of Cases Related to the PDSI

Percentage of Total of Cases Total of Cases Expected Number of
Occurrences for PDSI >0 PDSI <0 Cases Based on
Drought Percentage of
(PDSI <0/ Total Occurrences of
Months) Drought
Fresno County 66% 2,461 2,093 3,005
Kern County 85% 2,315 14,397 14,205
Kings County 7% 310 1,781 1,610
San Luis 68% 291 972 858
Obispo County
Tulare County 7% 27 37 49
Total 74% 5,404 19,280 18,266

83




Dust Figure 3.9: PM 10 Stations for Study Area
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PM 10 Measurement Stations in
Data Source Study Area during 1996 - 2015
PM 10 comes from EPA’s Air Quality o : 7 g '
System (AQS). Particulate Matter (PM, also
called particle pollution) is the term for a
mixture micrometers and smaller (ug/m3).
Particles that make up PM could be dust,
dirt, soot, smoke, or even smaller particles of
solid particles and liquid droplets found in
the air. PM 10 are particles with the
diameter of 10. The EPA Air Quality
Standard for PM 10 is 150 ug/m3 in a 24-
hour period.

Station Location

Figure 3.9 shows the PM 10 monitoring
Stations in the study area. There are three
Stations in Fresno County, six in Kern
County, three in Kings County, four in San
Luis Obispo County, and one in Tulare
County. The start and end times for the
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Table 3.13: PM 10 Monitoring Stations and Start and End Dates for the Stations

Counties PM 10 Monitoring Station and Timeframes
Fresno County Station 1*: January 2000 — December 2015
*Missing January — June 2002
Station 2: January 2000 — December 2011
Station 3: January 2000 — December 2015
Kern County Station 1: January 2000 — January 2010
Station 2: January 2000 — June 2011
Station 3: August 2006 — September 2013
Station 4: January 2000 — July 2004
Station 5: January 2000 — December 2005
Station 6: August 2006 — December 2015
Kings County Station 1: January 2000 — May 2011
Station 2: January 2000 — December 2015
Station 3: August 2006 — October 2014
San Luis Obispo County  Station 1: January 2000 — July 2009
Station 2: January 2000 — December 2010
Station 3*: January 2000 - June 2010
*Muissing January and February 2002
Station 4: January 2000 — May 2010
Tulare County Station 1: January 2000 — March 2007
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Data Variability
Table 3.14 shows the PM 10 pollution by Station per county and Figure 3.10 shows the PM 10 time series.

For Fresno County, PM 10 has a seasonal trend, where PM 10 is lower during winter months and higher during
summer months. Stations 2 & 3 are relatively similar in variability, but Station 1’s peaks are larger.

For Kern County, Stations 1 & 3 have much larger spikes compared to stations 4, 5, & 6. The two Stations in Kings
County are almost identical with their pattern and PM 10 quantities.

In the early 2000s, variability in average monthly PM 10 is much larger than the average monthly concentration in
2010 for San Luis Obispo County. The Stations do not appear to have similar seasonality’s. With one Station in
Tulare County, it appears that PM 10 peaks in September.

Figure 3.10: Average Monthly PM 10 Time-Series
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Table 3.14: Monthly and Yearly Average PM 10 by County and Station

Fresno County - Average Annual PM 10
ug/m3 Fresno Station 1 Fresno Station 2 Fresno Station 3
2000 40.74 39.89 39.53
2001 50.20 41.09 4451
2002 52.82 39.17 42.50
2003 43.30 34.98 35.77
2004 39.66 30.84 31.72
2005 38.69 32.48 33.24
2006 43.80 37.73 36.62
2007 38.15 31.70 33.60
2008 40.00 34.59 34.98
2009 34.28 29.77 27.48
2010 30.98 25.49 27.58
2011 31.21 28.67 29.74
2012 34.23 28.92
2013 43.01 35.63
2014 40.09 30.28
2015 38.54 33.03
Average 39.57 33.87 34.07
Fresno County - Average Monthly PM 10
ug/m3 Fresno Station 1 Fresno Station 2 Fresno Station 3
Jan 44.88 43.75 38.50
Feb 28.47 27.22 25.33
Mar 28.27 22.78 23.24
Apr 26.94 19.52 21.61
May 32.00 23.94 27.06
Jun 33.93 26.12 28.35
Jul 38.84 30.61 34.65
Aug 47.13 35.94 40.87
Sep 58.29 44.92 48.18
Oct 51.80 42.75 43.08
Nov 46.42 48.05 41.98
Dec 35.17 40.81 35.98
Average 39.57 33.87 34.07
Kern County - Average Annual PM 10
ug/m3 Kern Kern Kern Kern Kern Kern Kern
Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7
2000 52.57 20.09 45.45 14.59 34.08 21.36
2001 54.68 19.67 48.70 15.00 34.16 20.90
2002 59.22 22.86 49.28 15.59 35.08 25.95
2003 52.38 20.88 46.94 11.90 30.92 23.32
2004 42.49 19.93 42.65 10.29 31.59 25.58
2005 43.21 18.48 39.38 30.06 21.76
2006 56.43 21.09 50.53 21.37
2007 54.21 21.66 47.58 22.59
2008 59.93 23.75 54.53 23.27
2009 56.99 15.81 39.80 23.19 1451
2010 36.00 15.50 32.19 19.66 12.88
2011 12.77 35.63 24.11 12.95
2012 40.77 20.90 13.05
2013 47.71 21.67 13.03
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Table 3.14: Monthly and Yearly Average PM 10 by County and Station

2014 69.13 23.01 16.31
2015 44.15 18.91 13.43
Average 53.07 19.66 44.98 13.76 32.65 22.31 13.74
Kern County - Average Monthly PM 10
ug/m3 Kern Kern Kern Kern Kern Kern Kern
Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7
Jan 53.95 8.58 50.91 8.10 31.72 21.29 4.17
Feb 39.05 9.56 35.03 4.35 22.35 17.48 4.94
Mar 37.65 13.42 30.67 7.59 22.57 14.38 8.21
Apr 37.38 18.22 31.03 13.50 21.79 18.96 12.81
May 47.22 24.52 36.76 18.80 26.99 22.55 20.79
Jun 49.22 28.48 39.38 18.89 29.19 24.69 24.58
Jul 49.04 25.76 40.35 22.64 27.31 25.61 21.38
Aug 54.82 27.78 51.07 19.68 39.99 26.34 22.05
Sep 70.58 29.00 60.36 17.59 4291 27.91 22.28
Oct 75.97 30.83 62.79 17.64 48.06 26.07 14.72
Nov 67.45 11.74 55.73 9.05 45.43 21.38 5.87
Dec 54.40 9.41 44.21 7.94 33.48 20.31 3.04
Average 53.07 19.66 44.98 13.76 32.65 22.31 13.74
Kings County - Average Annual PM 10
ug/m3 Kings Station 1 Kings Station 2 Kings Station 3
2000 45.70 48.07
2001 46.85 55.88
2002 52.48 53.85
2003 48.37 46.85
2004 41.91 43.09
2005 41.04 40.28
2006 47.63 46.18 84.28
2007 44.87 44.76 46.27
2008 55.21 51.46 51.78
2009 41.36 40.69 36.81
2010 33.83 31.41 33.45
2011 24.62 31.3