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Abstract 
This study tests the influence of environmental risks associated with floods, 
hurricanes, and hazardous material releases on human migration behavior. 
With close attention to a function of environmental risk factors, socio-demo- 
graphic attributes, hazard risk and locational attributes were measured and 
correlated to the standardized number of recent arrivals and long term resi-
dents at the census tract level. Two groups (i.e., recent arrivals and long-term 
residents) were created to compare their moving behavior. The results indi-
cate that flood risk showed little relationship to either recent arrivals or long- 
term residents. These results are consistent with past research which suggests 
that people tend to ignore their vulnerability to natural hazards. However, 
both groups had negative relationships to the risk from hurricanes and ha-
zardous material releases. This counter-intuitive result suggests that other 
factors, such as proximity to employment opportunities or property tax ad-
vantages, need to be examined. In particular, the recent arrivals were nega-
tively related to chemical risk while long-term residents were positively re-
lated to chemical risks, indicating that people that just arrived and old resi-
dents are somewhat different in perceiving environmental risks. In addition, 
the results of this study suggest that people are objective about environmental 
risks in selecting their habitat. However, once the habitat is settled, people’s 
perception of the risks may be interfered or reduced by other factors. 
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1. Introduction 

It’s clear that almost every year natural and man-made hazards lead to many 
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human causalities, and enormous economic losses all across the United States. 
Federal Emergency Management Agency (FEMA, 1997) concludes that 9.6 mil-
lion US households and property valued at $390 billion currently are at risk from 
a 1% annual chance of flooding in such locations. Along the Atlantic and Gulf 
coasts, about $3 trillion in infrastructure adjacent to the shoreline, is vulnerable 
to erosion from flooding and hurricane hazards [1]. Furthermore, as many ur-
ban areas of the United States have increased development in hazard prone 
areas, losses of property from natural and technological disasters have been ris-
ing, even though fatality rates have been falling due to advanced its early warn-
ing systems [2] [3]. Conrad and his colleague [4] estimate average annual federal 
expenditure for disaster relief and preparedness at $7 billion. In addition to the 
economic and human losses resulting from environmental hazards, there are 
significant social costs, like personal stress from evacuations, life in temporary 
emergency shelters, and disruption of neighborhoods. This increased vulnerabil-
ity raises questions about people’s perceptions of, and response to, these envi-
ronmental hazards. 

Many researchers have shown that locational behaviors depend upon a variety 
of personal, locational, cultural, social, demographic, economic, environmental, 
and policy factors. In particular, existing research has explored a number of 
neighborhood amenities and disamenities, which influence immigration and 
duration of stay [5] [6]. In this regard, residential satisfaction is a main trigger-
ing factor of people’s migration decision making and behavior [7] [8]. Rossi [9] 
posits that “in the typical ideal case, a household becomes dissatisfied with its 
dwelling, decides to move, searches for a set of alternative dwellings that appear 
to be more satisfactory, and then decides among that set of alternatives (p.24)”. 
Amerigo and Aragones [7] developed a comprehensive model depicting the rela-
tionship between the individual and his/her residential environment. This model 
shows that residential satisfaction is a function of objective and subjective 
attributes of residential environment, and personal characteristics. The objective 
attributes of residential environment include physical conditions of built envi-
ronment, various types of infrastructure, and natural factors such as woodlands, 
parks, and water bodies in the neighborhood. The subjective attributes include 
an individual’s evaluation of quality of house, safety, noise, overcrowding, and 
attachment to the neighborhood as well as the objective variables described 
above. The subjective attributes are influenced by personal characteristics such 
as social/economic/demographic characteristics. The individual’s evaluation of 
the residential environment leads to his/her adaptive behavior (e.g., stay or 
moving) [10]. With regard to this, several studies demonstrated that moving be-
havior followed the low levels of satisfaction about housing and neighborhood 
[8] [9] [11] [12].  

In relation to environmental hazards, stress can be defined as “a process by 
which environmental events threaten, harm or challenge an organism’s existence 
or well-being and by which the organism responds to this threat” [13]. This 
theory suggests that environmental risk can affect people’s immigration and du-
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ration of stay in a neighborhood. In this light, this paper attempts to test whether 
environmental characteristics of a neighborhood are related to people’s moving 
behaviors, such as habitat selection and duration of stay. With a close attention 
to the function of environmental risks on the migration decision making and 
behavior of residents, it was hypothesized first that environmental risks includ-
ing flood, hurricane, and chemical hazards are likely to affect human moving 
behavior, and, second, residents who have been attached to their neighborhood 
for a long time are less objective about their environments than recent arrivals. 
These two groups (i.e., recent arrivals and long-term residents) are expected to 
differ in a number of ways. First, long-term residents may have a different level 
of risk perception, compared to recent arrivals, because the former are likely to 
have more hazard adjustment measures, higher personalization of the risk with 
adaptive behavior to their neighborhood vulnerability over time, and more 
chances of having direct/indirect disaster experience and hazard-related infor-
mation in their neighborhood. Second, recent arrivals may follow self-insurance 
theory [14], which explains that humans tend to locate their houses in a less 
vulnerable area to reduce losses in future disasters. Therefore, recent arrivals are 
likely to evaluate environment risk more objectively than long-term residents. 
Rapoport [15] supports this theory by asserting that people move out of un-
wanted environments and search for attractive ones. Third, long-term residents 
may adjust to their residential environment. The stress-threshold model hypo-
thesize people tend not to consider moving when they do not experience strain 
associated with residential environment [16] [17]. Based upon this model, long- 
term residents may have a lower level of risk perception. Also, they may place 
more interest and value on the natural environment (i.e., scenic view around 
their dwelling), built environment (i.e., various amenities) and social/demogra- 
phic factors in their neighborhood (i.e., strong ties with local social networks).  

As stated earlier, there have been a wide range of research showing that vari-
ous factors influence human mobility intentions and moving behavior. However, 
there was little research done to characterize such behavior by employing GIS 
technology and statistical method. Therefore, it would be meaningful to investi-
gate whether there are relationships between environmental risks from floods, 
hurricanes, and chemical hazards, and locational behavior by using GIS and sta-
tistical analysis.  

2. Data and Method 
2.1. Study Area 

The study area is Harris County, Texas (see Figure 1). According to the 2010 
census data, Harris County is in the third largest county in the United State, with 
a land size of 1729 square miles, a population of 4,092,459, 1,598,698 housing 
units, and a median household income of $50,422.  

While continuing to attract people with urban, recreational and industrial de- 
velopment, the county has experienced natural and technological disasters in- 
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Figure 1. Study area: Harris county, TX. 
 
cluding hurricanes, floods, tornadoes and chemical accidents, and there still ex-
ists the potential for such disasters to lead to property damage and casualties. In 
June 2001, the latest extreme event, Tropical Storm Allison devastated major 
areas of the county and neighboring communities, claiming 22 lives and da-
maging 20,000 homes and 5000 other buildings at an estimated cost of 20 billion 
dollars. The vulnerability of this area to great hurricanes (e.g., Saffir-Simpson 
Categories Four and Five) is even greater. Also, the hundreds of petrochemical 
manufacturing and distribution facilities create a significant risk of hazardous 
material accidents on highways and in urban areas. In fact, a recent headline in 
the Houston Chronicle said Harris County was ranked first in U.S. for likelihood 
of chemical disasters. 

2.2. Data 

The unit of analysis is census tracts in Harris County, Texas. Of 581 census 
tracts, 565 were selected, omitting 16 census tracts with fewer than 100 persons. 
Three different types of data were collected from different sources. The first data 
set (social/economic/ demographic characteristic) was drawn from the U.S. Bu-
reau of Census, 1990 Summary Tape Files 3, aggregated at the census tract level. 
Demographic characteristics include median household income, educational at-
tainment, poverty level, and percentage of white persons. The second data set 
uses locational attributes. The locational variables measured in this study include 
proximity to the central business district (CBD), lakes and sea. The third data set 
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is the scientifically estimated environmental risk from flood, hurricane, and 
chemical hazards. Flood risk was assessed using Federal Emergency Manage-
ment Agency’s countywide flood insurance digital data produced in 1996. Flood 
risk is defined as 100-year and 500-year flood plain areas. The 100-year flood 
plain means that the area can experience a chance of flooding once per 100 
years. Hurricane risk was assessed from hurricane risk area maps developed in 
1999 by the Hazard Reduction and Recovery Center (HRRC) at Texas A&M 
University. Hurricane risk concerns the land areas that are vulnerable to surge 
inundation from five different categories of hurricanes. Chemical risk was de-
termined from EPA’s 1996 Toxic Release Inventory Data. This database contains 
information on toxic chemical releases and other waste management activities 
reported annually by certain covered industry groups as well as federal facilities. 
These three risk variables are used as main independent variables. 

The three different types of environmental risks evaluated in this study in-
clude scientifically measured risks from flood, hurricane, and chemical hazards. 
The reasons why such types of environmental risks were chosen is that our study 
area is especially vulnerable to those natural and man-made hazards. To know 
whether those environmental risks are related to human moving behaviors, two 
groups have been used as dependent variables. The first group is termed recent 
arrivals and the other, long-term residents. The first group or recent arrivals 
were measured as the number of persons per square mile who moved into the 
neighborhood within the previous five years as of 1990. Recent arrivals can be 
contrasted with long-term residents. The long-term residents were measured as 
the number of householders per square mile who stayed in the neighborhood 
over 10 years from 1959 or earlier through 1980. The variables and their defini-
tions are summarized in Table 1. 

2.3. Method 

The data were combined into Geographic Information System (GIS) modeling. 
GIS techniques were used to delineate the spatial distribution of risk from flood, 
hurricane, and hazardous material facilities in each of the census tracts and jux-
taposed with census tract data to calculate each type of risk areas. Using the 
FEMA flood insurance map, we identified flood risk areas including the 100-year 
and 500-year flood plains, and then overlapped the data with census tract data to 
calculate the flood risk area at the census tract level (see Figure 2). For hurricane 
risk areas, we were concerned with the measurement of five hurricane risk areas 
corresponding to five different hurricane categories. The hurricane risk area 
map was superimposed upon the census tract map to compute each census 
tract’s hurricane risk area (see Figure 3). Also, we established the geographical 
distribution of toxic release inventory sites and buffered the site by 1.5 miles. 
And then we overlapped the buffer data with the census tract to produce chemi-
cal risk areas (see Figure 4). Additionally, the use of GIS made possible the 
measurement of proximities from the central points of census tracts to the cen-
tral business district, to lakes and sea.  
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Figure 2. Measuring flood risk in Harris county. 
 
Table 1. Variable, definition, and source. 

Variable Definition Source 

Independent Variables   

MedIncome Median household income Censusa 

Edu Percentage of persons with college or higher degrees Census 

PctPov Percentage of poverty Census 

PctWhite Percentage of white persons Census 

FldRisk 
The extent of scientifically estimated flood  

prone areas, such as 100- and 500-year flood plains,  
and storm surge vulnerable zone. 

FEMAb 

HurrRisk 
Identified the land areas that are vulnerable to surge  

inundation due to 5 different categories of hurricanes. 
HRRCc 

HzMatRiks 
Established the geographical  
distribution of TRI sites and 

EPAd 

CBDprox 
Euclidian distance to CBD  

from centroid of census tract 
TIGERe 

LakeProx 
Euclidian the nearest distance to the lake  

from centroid of census tract 
TIGER 

SeaProx 
Euclidian the nearest distance  

to the sea from centroid of census tract 
TIGER 

Dependent Variables   

RecArr 
The number of householders per square mile who  

moved into the neighborhood within the previous 5 years 
Census 

LtRes 
The number of householders per square mile  

who lived in the neighborhood more than 10 years 
Census 

aThe bureau of census; bFederal emergency management agency; cHazard reduction & recovery center; dEn-
vironmental protection agency; eTopologically integrated geographic encoding and referencing system. 



S. N. Hwang, S.-W. Lee 
 

499 

 
Figure 3. Measuring hurricane risk in Harris county. 
 

 
Figure 4. Measuring chemical risk in Harris county. 
 

Statistical analysis was employed to study the effect of scientifically estimated 
environmental risk on both recent arrivals and long-term residents. The number 
of residents in the two groups was divided by the size of the census tracts to 
standardize and to be correlated with socio-demographic variables (i.e., median 
income level, education level, percentage of poverty and percentage of whites), 
geographical characteristics (i.e., proximity from downtown, proximity to the 
nearest lake and proximity to the sea), and evaluated environmental risks in-
cluding hurricane, flooding and hazard facilities. 

3. Results 

Aggregated into census tracts or represented by median values, these socio-de- 
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mographic characteristics need to be viewed as an overall picture of the study 
site even though they have limitations of delineating actual socio-demographic 
characteristics. Table 2 provides the overall picture of environmental characte-
ristics of the study site. The mean median household income in the study site is 
$31,712 and the maximum income level is $150,000. The table also shows some 
degree of aggregation in terms of ethnic groups. Regarding environmental risks, 
chemical risk is higher in this site than other types of risk from hurricane and 
flooding. The mean distance from the centroid of each census tract to CBD is 
11.19 miles and the maximum distance is 40.44 miles. All centroids of the census 
tracts are located within about 53 miles from the sea and 13miles from any lakes 
in Harris County. 

The results of Pearson-moment correlation analysis were summarized in Ta-
ble 3. The results of correlation analysis show that the number of recent arrivals  
 
Table 2. Mean, standard deviation, minimum and maximum values of the variables. 

Variables M STD MIN MAX 

MedIncome 31,712 17,254 4999 150,001 

Edu 0.22 0.19 0 0.78 

PctPov 0.17 0.13 0 0.68 

PctWhite 62.48 29.63 0 100 

FldRisk 0.23 0.26 0 1 

HurrRisk 0.08 0.26 0 1 

HzMatRiks 0.49 0.42 0 1 

Cbdprox 11.19 6.74 0.47 40.44 

LakeProx 5.64 2.87 0.07 12.93 

SeaProx 16.2 9.05 0 52.88 

N = 565. 

 
Table 3. Result of pearson-moment correlation analysis. 

 Edu PctPov PctWhite FldRisk HurrRisk HzMatRiks Cbdprox LakeProx SeaProx SHORT-A LONG-S 

MedIncome 0.72** −0.73** 0.63** 0.12** 0.14 −0.41** 0.36** −0.01 0.27** −0.16** −0.14** 

Edu  −0.61** 0.52** 0.14** −0.06 −0.43** 0.13** 0.30** 0.38** 0.27** −0.01 

PctPov   −0.78** −0.15** −0.09* 0.46** −0.54** 0.07 −0.27** 0.06 0.26** 

PctWhite    0.07 0.18** −0.37** 0.49** −0.04 0.17** 0.02 −0.23** 

FldRisk     0.03 −0.12** 0.08* 0.13** 0.05 −0.01 0.03 

HurrRisk      0.04 0.42** −0.18** −0.52** −0.17** −0.19** 

HzMatRiks       −0.47** −0.09* −0.35** −0.16** 0.23** 

Cbdprox        −0.42** 0.18** −0.27** −0.54** 

LakeProx         0.16** 0.45** 0.32** 

SeaProx          0.10** −0.13** 

SHORT-A           0.24** 

*p < 0.05. **p < 0.01. 



S. N. Hwang, S.-W. Lee 
 

501 

is significantly correlated with socio-demographic, locational, and environmen-
tal risk characteristics. Specifically, the number of recent arrivals is positively 
correlated with the education level, proximity to lake and proximity to the sea, 
with correlation coefficients of 0.27, 0.45 and 0.19 respectively. On the contrary, 
the number of recent arrivals is negatively correlated with the median household 
income, the risks of hurricanes and hazardous material releases and proximity to 
the central business district (CBD), with correlation coefficients of −0.17, −0.16 
and −0.27 respectively. However, no significant relationship was found between 
the number of recent arrivals, the percentage of poverty, the percentage of white 
persons, and flood risk. The number of long-term residents shows a significant 
positive relationship with the percentage of poverty (r = 0.26), hazardous ma-
terial release risk (r = 0.23) and proximity to lake (r = 0.32) while it shows a sta-
tistically significant negative relationship with median household income (r = 
−0.14), the percentage of white persons (r = −0.23), hurricane risk (r = −0.19), 
proximity to downtown (r = −0.54) and proximity to the sea (r = −0.13). 

Focusing on environmental risks, the results indicate that flood risk show no 
significant relationship with either the number of recent arrivals, or the number 
of long-term residents while hurricane risk is negatively related to both the re-
cent arrivals and long-term residents. Interestingly enough, chemical risk shows 
somewhat disparate results. Specifically, the chemical risk is negatively corre-
lated with the number of recent arrivals and is positively correlated with number 
of long-term residents. A negative relationship was found between chemical risk 
and flood risk, with correlation coefficient of −0.12. It is noticeable that flood 
risk is positively correlated with the median household income and educational 
attainment while it is negatively correlated with the percentage of poverty. Hur-
ricane risk shows a negative relationship with the percentage of poverty (r = 
−0.09) and a positive relationship with the percentage of white persons (r = 
0.18). Chemical risk shows a relatively stronger relationship with socio-demo- 
graphic characteristics. Particularly, chemical risk is negatively associated with 
the median household income (r = −0.41), educational attainment (r = −0.43), 
and percentage of whites (−0.37), but positively correlated with the percentage of 
poverty (r = 0.46). 

In sum, a simple correlation analysis suggests that all environmental risks are 
negatively correlated with the number of recent arrivals. However, only hurri-
cane risk is negatively correlated with the number of long-term residents. 
Chemical risk has a positive correlation with the number of long-term residents. 
A positive relation between risk of hazardous material releases and the number 
of long-term residents may have to be understood in the context of a strong pos-
itive relationship between the percentage of poverty and chemical risk. In Table 
3, there is a strong positive relationship between the percentage of poverty and 
risk of hazardous material releases, with the correlation coefficient of 0.46. Thus, 
a direct, positive relationship between chemical risk and the number of long- 
term residents may not exist. A positive relationship between the risk of hazard 
materials and the number of long-term residents may be a pseudo relationship 
caused by the strong relationship between the percentage of poverty and the risk 
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of hazardous materials. It is also noteworthy that there is a positive correlation 
between the number of recent arrivals and the number of long-term residents. In 
other words, census tracts with more current residents are more likely to attract 
more new arrivals.  

4. Conclusions  

The factors that affect human moving behavior are various. They could either 
move out or stay in their neighborhood, depending upon on objective and sub-
jective residential environment attributes, and personal attributes. Particularly, 
understanding how environmental disamenities are related to residential selec-
tion is critical. Namely, planners and policy makers are provided with informa-
tion not only on how their local residents adjust their behaviors toward a hous-
ing issue in relation to environmental risks, but also on how different groups of 
residents respond to the issue in terms of social/economic/demographic charac-
teristics.  

Basically, existing research showed that environmental disamenities were po-
sitively related to the moving intentions, while environmental amenities were 
negatively related to the stay of duration. The main purpose of this study was to 
investigate the effect of environmental risk as environmental disamenities on 
people’s moving behavior. Two groups were created to compare their migration 
behavior in this study. The results indicate that flood risk showed little relation-
ship to either recent arrivals or long-term residents. These results are consistent 
with past research which suggests that people tend to ignore their vulnerability 
to natural hazards. However, both groups had negative relationships to the risk 
from hurricanes. This counter-intuitive result suggests that other factors, such as 
proximity to employment opportunities or property tax advantages need to be 
examined. Meanwhile, the recent arrivals were negatively related to chemical 
risk while long-term residents were positively related to chemical risks. With re-
gard to the relationship between the recent arrivals and chemical risk, these 
findings should follow the self-insurance theory in which people select safer 
places when they search for homes.  

Both objective and subjective environmental attributes affect human moving 
behavior. However, the results of this study suggest that people who moved in 
relatively recently tend to avoid environment disamenities in their habitat selec-
tion, compared to people who stayed for more than 10 years. In this sense, it is 
conclusive that recent arrivals seem to weigh objective residential environment 
(e.g., technological hazard) rather than subjective residential environment. It is 
noteworthy that the long-term residents have a negative relationship to income, 
positive relationship to the percentage of poverty. Simply, long-term residents 
may not be able to afford to move out even though they are at risk of flooding, 
hurricane and chemical hazards.  

5. Discussion  

This research shows objective environment risk coincided with public subjective 
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perception of environmental risks. Therefore, understanding the relationship 
between environmental risk and individual’s perceived risks in a neighborhood 
needs additional study. In effect, even though it is true that the public risk per-
ception is affected somewhat by the objective environmental risk, there is also 
enough evidence to show that the public risk perception level bears upon race, 
age, gender, occupation, personality differences, income, education, the amount 
of the hazard information, and past experience, among other variables [18] [19] 
[20] [21] [22]. Even an individual’s perceived risk estimates can change over 
time [23]. Additionally, researchers have claimed that the public underrates the 
hazardous quality of their environment, mainly because they put their priorities 
on their enormous daily issues of living [24] [25]. Therefore, it would have been 
better to use the survey research method to ask the public to rate their perceived 
risk through a questionnaire survey. 
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