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SUMMARY. The number of asthma cases in children has increased significantly in the
last couple of decades. Studies on links between outdoor air pollutants and asthma
have had mixed results, suggesting the need for more focused studies. An increase in
tree plantings for urban areas is now being called upon as a solution to the higher
heat indexes and pollution rates for more densely populated areas. Green spaces and
trees could further benefit some urban areas by providing an effective means to
improve air conditions. The purpose of this study was to assess whether there is
a relationship between levels of vegetation and reported rates of childhood asthma
in Texas. Childhood asthma data were collected from the Center for Health
Statistics and the Texas Department of State Health Services for the years 2005 and
2006. The asthma rates for each metropolitan statistical area (MSA) were mapped
and inserted into a corresponding vegetation map using geographical mapping
software. A comparison of vegetation rates and asthma rates in metropolitan areas
was used to investigate whether vegetation and tree cover led to higher or lower
incidences of childhood asthma rates. Asthma data, normalized difference vegeta-
tion index (NDVI), and canopy cover data were analyzed using statistical software.
Regression analysis and correlations were calculated to analyze the data for the tree
coverage/vegetation rates and asthma rates variable. No statistically significant
relationships between NDVI, canopy cover, and asthma were found in this study.

A
sthma has been defined as a
common and chronic inflam-
matory condition of the airways

in which a narrowing of the medium-
sized air passages of the lungs causes
wheezing, shortness of breath, and
coughing (Elsom, 1996; Williams,
2005). The cause of asthma is not
completely known, and a combination
of host and environmental factors ap-
pear to be involved with the develop-
ment and trigger factors of asthma
(Thurston and Ito, 1999; Tunnicliffe
and Ayres, 2001). Environmental ele-
ments such as tobacco smoke, pet
dander, american house dust mites

(Dermatophagoides farinae), and
american cockroaches (Periplaneta
americana) contribute to asthma irri-
tation and asthma severity in the indoor
environment (Edelman, 1997; Lara
et al., 2001). Outdoor air pollution is
also known to trigger asthma symptoms
in both children and adults (Walling,
2002; Woodruff et al., 2003).

Childhood asthma is the most
common chronic disease in children,
with increases in the number of cases
occurring in industrialized countries
(Bellenir, 2006; O’Connell, 2004;
Walling, 2002). Asthma affects �20
million people in the United States,
and children make up more than one-
third of those affected (Sommers
et al., 2007). In 2000, the American
Academy of Pediatrics reported that
asthma rates for those less than 18
years old had increased by more than
70% from 1982 to 1994 (Neidell,
2004). It was also reported that the

percentage of children with asthma
doubled from 3.6% in 1980 to 7.5%
in 1995, and a survey administered in
2001 indicated that 6.3 million or 8.7%
of children had asthma (Akinbami,
2006; Woodruff et al., 2003). The total
cost for asthma in 1994 was �$5.8
billion (Smith et al., 1997). O’Connell
(2004) estimated this annual cost in-
creased to $14 billion in 2004.

Numerous time-series studies
of hospital admissions and emer-
gency visits have suggested a connec-
tion between particulate air pollution
and asthma attacks (Dockery and Pope,
1996). Pollutants including sulfur di-
oxide, ozone, acid aerosols, fine par-
ticulates, and nitrogen dioxide are all
believed to sensitize people to asthma
(Elsom, 1996). Studies of children
with asthma at summer camps found
that air pollution, particularly ozone,
was significantly and consistently cor-
related with acute asthma exacerbations,
chest symptoms, and lung function
decrements (Thurston and Ito, 1999).
Inflammation of allergic asthmatics has
been shown to increase with air pollut-
ants such as ozone and that repeated
exposure to ozone would likely have
a detrimental effect on lung function
of asthmatics (Devlin et al., 1996).
Finally, research has suggested that
long-term exposure to urban air pollu-
tion is related to prevalence of asthma
and allergies, primarily those pollut-
ants emitted by traffic in urban areas
(Pénard-Morand et al., 2010).

Trees remove airborne dust and
chemical matter, or particulate matter
from the air, where it is stored on leaves,
twigs, and trunks (Beckett et al., 1998).
Particulary, leaf magnetization studies
have found high values from leaves on
the side of a tree closer to the roadside
and lower values at the distal side,
confirming the ability of trees to re-
duce aerosol concentrations related
to vehicular pollutants in the atmo-
sphere (Matzka and Maher, 1999).
Tree cover or ‘‘green belts’’ around
factories and other industrial locations
reduce air pollution by serving as a sink
for pollutants and reducing the flow of
dust (Rao et al., 2004). Rao et al.
(2004) found that planting around
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the industrial area reduced air pollut-
ant emissions by as much as 63%,
including a reduction of sulfur diox-
ide by 39%, nitrogen oxides by 40%,
37% of particulate matter, and a 93%
reduction in carbon monoxide levels.
In 1984, it was estimated in urban
areas that planting 1 million new trees
would remove 200 tons of particulate
pollution each day after the trees
reached 10 years of age (Petit et al.,
1998). Research has also suggested
that using grasses and shrubs on roof-
tops could help reduce air pollution in
urban areas by increasing the amount
of vegetation in areas with limited
space (Currie and Bass, 2008). Fur-
thermore, research has suggested that
an increase in tree density is related to
a decrease in the prevalence of asthma
in urban areas such as New York City
(Lovasi et al., 2008).

Texas has a wide variety of cli-
mate and geography conditions across
the state, which leads to a diversity
in native vegetation classified as for-
ests, woodlands, shrublands, grass-
lands, herbaceous vegetation, swamps,
and marshes (Diamond et al., 1987).
The main objective for this study was to
determine if childhood asthma rates
were related to tree cover and vegeta-
tion in the MSAs of Texas.

Materials and methods
MSAS OF TEXAS. The state of

Texas has been divided into 25 dif-
ferent MSAs for the purposes of de-
mographic and statistical analyses by
various departments and organizations.
Each MSA is comprised of a county or
group of counties with a population of
at least 75,000 and contains a central
city or urbanized area of at least 50,000
(Labor Market and Career Information
Department of the Texas Workforce
Comission, 2006). MSAs include the
following regions: Abilene, Amarillo,
Austin-Round Rock, Beaumont-Port
Arthur, Brownsville-Harlingen, Col-
lege Station-Bryan, Corpus Christi,
Dallas-Fort Worth-Arlington, El Paso,
Houston-Sugarland-Baytown, Killeen-
Temple-Fort Hood, Laredo, Longview,
Lubbock, McAllen-Edinburg-Mission,
Midland, Odessa, San Angelo, San
Antonio, Sherman-Denison, Texarkana,
Tyler, Victoria, Waco, and Wichita
Falls.

CHILDHOOD ASTHMA DATA.
Childhood asthma data were collected
from the Center for Health Statis-
tics, Texas Department State Health

Services for the years 2005 and 2006.
Childhood asthma data were available
for all counties in Texas with reported
populations of 50 or more children
living within the county (A. Vincent,
personal communication) according
to a Research Specialist at the Center
for Health Statistics, Texas Depart-
ment State Health Services. To deter-
mine the population for each sample,
adult respondents had to provide a
valid response of ‘‘yes’’ or ‘‘no’’ to
the two questions on a survey con-
cerning a select child under the age of
17 years in their household. The ques-
tions asked were as follows: ‘‘Has a
physician/medical care provider ever
told you that this child has asthma?’’
and ‘‘Does this child still have asthma?’’
Adults who answered ‘‘yes’’ to the
two questions concerning a select
child under the age of 17 years in
their household were considered the
asthma sample. To normalize the
sample to the general population,
the asthma sample was weighted in
calculating the percentage of children
withasthma(M.L.Cook,personalcom-
munication) according to a Research
Specialist at the Center for Health
Statistics, Texas Department State
Health Services.

Asthma data were mapped into the
MSAs of Texas to understand the areas
of correspondence (E. Pimpler, per-
sonal communication) according to
Geographic Information System (GIS)
specialist at Geospatial Training Ser-
vices. Of the 25 MSAs, data on child-
hood asthma rates corresponded with
the following 14 regions: Amarillo,
Austin-Round Rock, Beaumont-Port
Arthur, Brownsville-Harlingen, Corpus
Christi, Dallas-Fort Worth-Arlington,
El Paso, Houston-Sugarland-Baytown,
Killeen-Temple-Fort Hood, Longview,
Lubbock, McAllen-Edinburg-Mission,
San Antonio, and Tyler. Therefore,
these 14 MSAs were included in
the study. The remaining 11 MSAs
were removed from the study be-
cause they included counties with a
sample size of less than 50 children
living within the county; therefore,
data were not available from the re-
porting agency (A. Vincent, personal
communication).

MAPPING VEGETATIVE COVER.
Landsat 5TM [U.S. Geological Survey
(USGS), Sioux Falls, SD] satellite
imagery was obtained from USGS
Glovis website (U.S. Department of
the Interior, 2010). Image ‘‘tiles’’

were downloaded to cover the extent
of all MSAs included in the study.
Each ‘‘tile’’ covered an area 185 km
wide. To obtain an accurate picture
for each MSA, the imagery must be
high quality and as cloud free as
possible. The images selected and
used in the study were designated by
USGS as having a cloud cover of 0%
and an image quality of 9 out of 10
although 0% cloud cover may still
include isolated clouds. The down-
loaded image tiles were for the
months of April to July 2006 when
possible. This timeframe ensured that
vegetation would be present after
winter dormancy conditions, and yet
still be before summer heat and
drought conditions that could affect
greenness levels. The year 2006 was
chosen to coincide with the collected
asthma data. If data with the above
criteria were not available, image tiles
from the next closest date that was
not during dormant months were
acquired. Out of the 14 MSAs used
in this study, the following three had
image tiles from either September
or October of 2006 instead of April
to July 2006: Dallas-Fort Worth-
Arlington, Lubbock, and Killeen-
Temple-Fort Hood.

The tiles were then ‘‘mosaiced’’ or
pieced together to create one seamless
image for each MSA using ArcView�
(version 9.1 GIS; Esri, Redlands, CA)
software. ‘‘Mosaicing’’ merges adja-
cent tiles into one image file removing
overlapping values between tiles. To
determine the percentage vegetation
and greenness for each MSA in the
study, the NDVI was calculated from
the satellite imagery. This index is
a numerical indicator used to analyze
remote sensing measurements to de-
termine the amount of green vegeta-
tion in the target region. The NDVI
was calculated for each image using
ENVITM (Esri) image processing soft-
ware. This process resulted in a grid
with values ranging from –1 to 1
(barren/non-vegetation to dense green
vegetation, respectively).

The NDVI grid was transferred
to the GIS software, where statistics
were calculated for each MSA. Sta-
tistics included the minimum NDVI
value, the maximum NDVI value, and
mean NDVI value. Percent canopy
cover was calculated for each MSA
to determine what proportion of
each MSA was groundcover vs. woody
vegetation such as trees and shrubs.
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Table 1. Minimum, maximum, and average normalized difference vegetation index (NDVI) for metropolitan statistical areas
(MSA), ranked in order highest to lowest average NDVI in the study of the effect of tree cover and vegetation on incidence of
childhood asthma in MSAs of Texas.

Ranking Texas MSA Minimum NDVIz Maximum NDVI Avg NDVI

1—highest Longview –0.488372 0.780488 0.530203
2 Tyler –0.485149 0.786802 0.512377
3 Beaumont-Port Arthur –0.654321 0.954023 0.447722
4 Houston-Sugarland-Baytown –0.661972 0.824176 0.435199
5 Austin-Round Rock –0.542857 0.719457 0.297422
6 Dallas-Fort Worth-Arlington –0.987730 0.815385 0.255332
7 Lubbock –0.542857 0.787709 0.246645
8 San Antonio –0.975904 0.782609 0.242554
9 McAllen-Edinburg-Mission –0.979798 0.769231 0.214654

10 Killeen-Temple-Fort Hood –0.655172 0.740113 0.192114
11 Corpus Christi –0.720930 0.752294 0.189288
12 Brownsville-Harlingen –0.489362 0.729167 0.156736
13 Amarillo –0.533333 0.790476 0.109435
14—lowest El Paso –0.555556 0.758140 0.018904

zCalculated from satellite imagery for each MSA. This index is a simple numerical indicator used to analyze remote sensing measurements to determine the amount of green
vegetation in the observed target. The resulting index range for this calculation is –1 to 1 (barren/non-vegetation to dense green vegetation, respectively).

Table 2. Demographic breakdown, including overall population and percent ethnicity, and childhood asthma rate for each
metropolitan statistical area (MSA) included in the study of the effect of tree cover and vegetation on incidence of childhood
asthma in MSAs of Texas.

Texas MSA Population
Caucasian

(%) African-American (%) Asian (%) Hispanic (%)z
Childhood asthma

rate (%)

El Paso 734,669 73.9 3.1 1.0 78.2 6.3
Amarillo 242,240 79.1 5.9 1.8 19.6 15
Lubbock 267,211 74.3 7.7 1.3 27.5 5.7
Dallas-Fort Worth-Arlington 6,145,037 70.8 18.2 3.6 20.6 9.0
Tyler 198,705 72.6 19.1 0.7 11.2 4.6
Longview 203,611 74.6 19.5 0.5 7.1 8.8
Killeen- Temple-Fort Hood 370,008 64.4 21.1 2.2 14.7 3.1
Austin-Round Rock 1,598,161 72.5 8.0 3.5 26.2 6.8
San Antonio 1,990,675 70.6 6.6 1.5 51.2 9.8
Houston-Sugarland- Baytown 5,628,101 69.5 14.1 3.1 24.6 8.5
Beaumont-Port Arthur 376,241 68.2 24.8 2.1 8.0 7.1
Corpus Christi 414,376 72.9 4.0 1.1 54.7 8.5
McAllen-Edinburg-Mission 710,514 77.7 0.5 0.6 88.3 3.7
Brownsville-Harlingen 387,210 80.3 0.5 0.5 84.3 3.7
zIncludes any race.

Table 3. Linear regression analysis calculating the extent to which relative humidity, temperature, ozone, particulate matter,
and ethnicity covaried with asthma in the study of the effect of tree cover and vegetation on incidence of childhood asthma in
metropolitan statistical areas of Texas.

Model

Unstandardized coefficients Standardized coefficients

t PB SE b

Constant 87.097 15.625 5.574 0.031*
Relative humidityz –0.058 0.026 –0.344 –2.262 0.152
Temperature –0.016 0.046 –0.082 –0.338 0.768
Ozone –0.144 0.044 –1.001 –3.270 0.082
Particulate matter –0.516 0.172 –0.411 –3.008 0.095
African-American –0.298 0.106 –1.180 –2.801 0.107
Asian-American –1.235 0.357 –0.689 –3.464 0.074
Caucasian –0.711 0.128 –1.152 –5.539 0.031*
Hispanic –0.127 0.029 –1.830 –4.453 0.047*
zThese variables were selected to control for on the basis of a literature review indicated the impact of each of these on asthma rates.
*Statistically significant at the 0.05 level.
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Statistics were also calculated for the
MSAs using the Multi-Resolution
Land Characteristics National Land
Cover Data canopy cover dataset
(U.S. Department of the Interior,
2012). This data were used in con-
junction with the NDVI results for
MSA to conduct statistical analyses.

EXTERNAL VARIABLES. Data were
collected on several external environ-
mental variables which were known to
precipitate symptoms of asthma to
control for the impact in this study.
Relative humidity, temperature, ozone,
and particulate matter data were ob-
tained from the Texas Commission
on Environmental Quality (TCEQ)
for the months that corresponded to
those in which NDVI and percent
canopy cover were collected (TCEQ,
2012). Temperate climates and a rel-
ative humidity level above 60% con-
tribute to the growth of house dust
mites and their allergens [National
Asthma Education and Prevention
Program (NAEPP), 2007]. Increased
pollution levels of ozone and particu-
late matter less than or equal to 10 mm
have been reported to precipitate
symptoms of asthma (NAEPP, 2007).
Data on ethnic breakdown within each
MSA was also collected because there is
a known relationship between ethnicity
and asthma rates (Akinbami, 2006).

DATA ANALYSIS. Asthma data,
NDVI, and canopy cover data were
analyzed using SPSS (version 17.0�;
IBM Corp., Armonk, NY). Descrip-
tive statistics analyzed the vegetation
cover of each MSA. A linear regres-
sion analysis was used to calculate the
extent to which relative humidity,
temperature, ozone, particulate mat-
ter, and ethnicity covaried with asthma.
Semipartial correlations were calcu-
lated to analyze the relationship be-
tween tree coverage/vegetation rate
and asthma rate variables while con-
trolling for the effects of relative hu-
midity, temperature, ozone, particulate
matter, and ethnicity on asthma. Be-
cause of the missing data among the
external variables, only 11 MSAs were
used in data analyses.

Results
CAL C U L A T I N G V E G E T A T I O N

COVER. The NDVI grid was trans-
ferred to ENVITM image processing
software, where statistics were calcu-
lated for each MSA. NDVI was calcu-
lated from satellite imagery (Landsat)
for each MSA. Descriptive statistics

determined minimum NDVI value,
maximum NDVI value, and the aver-
age NDVI value for each MSA within
the study (Table 1). The MSAs were

listed in order from highest to lowest
average NDVI value.

DEMOGRAPHIC BREAKDOWN. The
demographic breakdown including

Fig. 1. Scatter-plot diagram indicating the relationship between average normalized
difference vegetation index (NDVI) [calculated from satellite imagery for each
metropolitan statistical area (MSA)] and the residual of asthma, which controlled
for the effect of ethnicity, relative humidity, temperature, ozone, and particulate
matter on asthma in the study of the effect of tree cover and vegetation on incidence
of childhood asthma in MSAs of Texas. An unstandardized residual of asthma
variable was calculated which indicated the asthma rates for each MSA controlling
for the extent to which relative humidity, temperature, ozone, particulate matter,
and ethnicity covaried with asthma in this study. NDVI is a simple numerical
indicator used to analyze remote sensing measurements to determine the amount of
green vegetation in the observed target. The resulting index range for this
calculation is L1 to 1 (barren/non-vegetation to dense green vegetation,
respectively).

Table 4. Semipartial correlation between average and residual normalized
difference vegetation index (NDVI) and asthma independent of the effects of
ethnicity, relative humidity, temperature, ozone and particulate matter in the
study of the effect of tree cover and vegetation on incidence of childhood asthma
in metropolitan statistical areas (MSA) of Texas.

Asthma residualz

Correlation 0.052
Average NDVIy P 0.880

N 11
Residual NDVIx Correlation –0.328

P 0.325
N 11

zCalculated using a linear regression analysis which indicated the asthma rates for each MSA controlling for the
extent to which relative humidity, temperature, ozone, particulate matter, and ethnicity covaried with asthma in
this study.
yCalculated from satellite imagery for each MSA. This index is a simple numerical indicator used to analyze remote
sensing measurements to determine the amount of green vegetation in the observed target. The resulting index
range for this calculation is –1 to 1 (barren/non-vegetation to dense green vegetation, respectively).
xCalculated using a linear regression analysis which indicated the vegetation rates for each MSA controlling for
canopy cover to evaluate the relationship between shrubs and other vegetation and asthma rates.
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overall population and percent eth-
nicity, and childhood asthma rate for
each MSA included in the study on
the effects of tree cover and vege-
tation on childhood asthma rates in
regions of Texas was collected to
control for the effects of demographic
differences in each MSA (Table 2).

CONTROLLING FOR EXTERNAL

VARIABLES. A linear regression analysis
was used to calculate the extent to
which relative humidity, temperature,
ozone, particulate matter, and ethnic-
ity covaried with asthma (Table 3).
An unstandardized residual of asthma
variable was calculated which indi-
cated the asthma rates for each MSA
controlling for the extent to which
relative humidity, temperature, ozone,
particulate matter, and ethnicity co-
varied with asthma in this study. This
calculated value is used later in the
study to independently assess asthma’s
relationship with the variables of in-
terest while controlling for the external
variables identified. Specific variables
which were significantly related to
asthma rates included the percentage
of Caucasian (P = 0.031) and Hispanic
(P = 0.047) people living within each
MSA.

NDVI AND ASTHMA. A Pearson’s
product–moment correlation between
the average NDVI and the residual
asthma variable was calculated. This
resulted in a semipartial correlation
investigating the relationship between
average NDVI and asthma controlling
for the effects of external variables on
asthma. No statistically significant re-
lationship was found (Fig. 1; Table 4).
This finding indicated that, in this
study, there was no relationship be-
tween overall vegetation calculated by
the NDVI and asthma independent
of the external variables identified
previously.

To investigate the relationship
between the quantity of shrubs and
other vegetation independent of can-
opy cover and asthma, a linear regres-
sion analysis was used to calculate the
extent to which percent canopy cover
covaried with average NDVI (Table 5).
An unstandardized residual of NDVI
variable was calculated which indi-
cated the NDVI controlling for can-
opy cover. This variable was then used
in a Pearson’s product–moment cor-
relation with the residual asthma vari-
able to indicate the extent to which
shrubs and other vegetation indepen-
dent of tree cover and asthma rates

independent of relative humidity, tem-
perature, ozone, particulate matter,
and ethnicity were related. No sta-
tistically significant relationship was
found (Fig. 2; Table 4). This indicated
that, in this study, no relationship
between vegetation independent of
canopy cover and asthma was identi-
fied. Given that both woody and her-
baceous vegetation have the ability to

remove gaseous pollutants from the
outdoor environment (Akbari, 2002;
Sieghardt et al., 2005), and that those
same types of pollutants are known
to irritate the respiratory airways and
aggravate existing asthma (Elsom,
1996), this finding was surprising and
did not support the hypothesis that
vegetation and asthma rates would be
related.

Table 5. Linear regression analysis calculating the extent to which canopy cover
covaried with average normalized difference vegetation index in the study of the
effect of tree cover and vegetation on incidence of childhood asthma in
metropolitan statistical areas of Texas.

Model

Unstandardized coefficients Standardized coefficients

t PB SE b

Constant 0.124 0.026 4.687 0.001*
Canopy

cover (%)
0.009 0.001 0.910 7.624 0.001*

*Statistically significant at the 0.05 level.

Fig. 2. Scatter-plot diagram indicating the relationship between residual
normalized difference vegetation index (NDVI) [calculated from satellite imagery
for each metropolitan statistical area (MSA)], which controlled for the effect of
canopy cover on NDVI, and the residual of asthma, which controlled for the effect
of ethnicity, relative humidity, temperature, ozone and particulate matter on
asthma in the study of the effect of tree cover and vegetation on incidence of
childhood asthma in MSAs of Texas. An unstandardized residual of asthma variable
was calculated which indicated the asthma rates for each MSA controlling for the
extent to which relative humidity, temperature, ozone, particulate matter, and
ethnicity covaried with asthma in this study. An unstandardized residual of NDVI
variable was calculated which indicated the NDVI controlling for canopy cover.
NDVI is a simple numerical indicator used to analyze remote sensing measurements
to determine the amount of green vegetation in the observed target. The resulting
index range for this calculation is L1 to 1 (barren/non-vegetation to dense green
vegetation, respectively).
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CANOPY COVER AND ASTHMA. A
Pearson’s product–moment corre-
lation between the percent canopy
cover and the residual asthma variable
was calculated. This resulted in a semi-
partial correlation investigating the re-
lationship between percent canopy
cover and asthma controlling for the
effects of external variables on asthma.
No statistically significant relationship
was found (Fig. 3; Table 6). This sug-
gested that there was no relationship
between percent canopy cover and the
prevalence of asthma in children when
controlling for the external variables
previously identified in this study.

Discussion
This study did not find that child-

hood asthma rates in MSAs of Texas
were related to tree cover or vegeta-
tion. Childhood asthma occurrence
has many extraneous variables such
as tobacco smoke, pet dander, dust
mites, and cockroaches related to the
disease which may have influenced the
research and results (Edelman, 1997;
Lara et al., 2001). Tree pollen from
species such as ash (Fraxinus sp.), elm
(Ulmus sp.), oak (Quercus sp.), and
sycamore (Platanus sp.), as well as,
grass pollen are also linked to seasonal
asthma in certain patients and these
pollen are generally higher in the spring
and summer months, the same time
frame of this study (MacNaughton,
2007).

One possibility for our findings
was the small sample sizes used in this
study. It may be prudent to repeat the
study including MSAs in other states.
Increasing the sample size would
increase the power of the study, im-
proving the ability to detect a relation-
ship. Wilson VanVoorhis and Morgan
(2007) recommend no less than 50
cases are required for sufficient statis-
tical power in correlational or regres-
sion research. Because of the particular
constraints in this study, that large of
a sample was not able to be obtained;
however future research including
additional MSAs in other states is in
progress.

Another possibility is that the
results are affected by the large varia-
tion of vegetation in each MSA. As
seen in the statistics calculated for each
MSA (Table 1), a large range between
the minimum NDVI and maximum
NDVI exists within each MSA for
a single time period. This might in-
dicate that MSAs are too large and too

varied for this kind of research. Obtain-
ing data at a community level may be
difficult but may yield significant re-
sults, and is recommended for future
research. Additional factors which may
be considered in future research in-
clude the influence of vehicular pollu-
tion, wind, altitude, precipitation, and
other demographics related to human
stress which may relate to asthma.
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Table 6. Semipartial correlation between percent canopy and asthma
independent of the effects of ethnicity, relative humidity, temperature, ozone,
and particulate matter in the study of the effect of tree cover and vegetation on
incidence of childhood asthma in metropolitan statistical areas (MSAs) of Texas.

Asthma residualz

Percent canopy cover Correlation 0.180
P 0.596
N 11

zCalculated using a linear regression analysis which indicated the asthma rates for each MSA controlling for the
extent to which relative humidity, temperature, ozone, particulate matter, and ethnicity covaried with asthma in
this study.
*Statistically significant at the 0.05 level.

Fig. 3. Scatter-plot diagram indicating the relationship between percent canopy
cover and the residual of asthma, which controlled for the effect of ethnicity, relative
humidity, temperature, ozone and particulate matter on asthma in the study of the
effect of tree cover and vegetation on incidence of childhood asthma in metropolitan
statistical areas (MSAs) of Texas. An unstandardized residual of asthma variable was
calculated which indicated the asthma rates for each MSA controlling for the extent
to which relative humidity, temperature, ozone, particulate matter, and ethnicity
covaried with asthma in this study.
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