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Abstract 
The world population has been increasing while, similarly, both the number 
of environmental disasters and the loss resulting from those have been on the 
rise. It is also expected that the trend will continue. Especially, what is notice-
able is that more and more people and property concentrate on cities. In fact, 
urbanization is a major global trend simply because most people want to get 
their jobs, raise and educate their children, and enjoy riches of diverse cul-
tures, recreation activities, and entertainment, which cities can provide to 
them. Urbanization always involves transforming the natural environment 
into a man-made environment, contributing to changes in land use and land 
cover patterns as well as in landscape and hydrology in the built-up areas. 
These changes, in turn, negatively influence the natural environment because 
those changes almost always tend to result in the disruption of its fragile eco-
systems in balance. In addition, the changes mean the land used, for example, 
for a natural ecosystem may be converted into an impervious land, which can 
increase human vulnerability to floods, causing human and property losses. 
There has been some research done to investigate the relationship between 
land use/land cover change and environmental hazards. However, little re-
search has been conducted to test direct effects of land cover change on envi-
ronmental disasters such as floods, hurricanes, and hazardous material re-
leases by using GIS and remote sensing technologies. Therefore, this research 
aimed to analyze the effect of land cover change on floods. More specifically, 
the research tested whether land cover change is related to flood disasters in 
Texas from 1993 to 2012. One of the main findings of this research is that 
both decrease in forest areas and increase in urban built-up areas contributed 
to the property damage resulting from flood events. 
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1. Introduction 

It is apparent that the number of environmental disasters and the human and 
property loss resulting from them have been on the rise in the recent decade due 
to the fact that urban centers get more and more densely developed while hu-
man populations and property are highly concentrated in areas physically vul-
nerable to natural and technological hazards. In particular, human vulnerability 
to floods is one of the major natural hazards leading to damage and loss of life 
when it occurs. According to Federal Emergency Management Agency [1], ap-
proximately 17,000 communities are situated in the areas which are at risk of 
flooding while about 9.6 million households and property worth $390 billion 
face a flood hazard that is characterized by a high probability or that has a 1% 
chance of occurring per year; however, only 20% to 30% of building at risk is 
said to be covered by flood insurance.  

Since the Industrial revolution, human populations all across the world have 
been increasing and will continue to do so in the future. Especially, the increase 
of the population is generally happening in our urban environment, meaning 
that more and more people and property concentrate on cities. Urbanization is a 
major global trend simply because people want to get their jobs, raise their child-
ren, and live their lives in cities. As urbanization always transforms the natural en-
vironment into a man-made one, attracting people and materials, thus contribut-
ing to change not only in land use and land cover but also landscape and hydro-
logical systems in that area. This change, in turn, negatively influences the natu-
ral environment, which can lead to an increase in disasters and crises as well as 
vulnerability. For example, changing a certain floodplain into a built-up area used 
to develop a subdivision neighborhood makes that particular area and adjacent 
ones less permeable to precipitation and more vulnerable to flooding. As a result, a 
heavy rain, for example, can flood those areas, claiming loss of lives and property.  

There has been some research done to investigate relationships between land 
use/land cover change and environmental hazards [2] [3] [4] [5] [6]. However, 
little research has been conducted to test the direct effects of land cover change 
on environmental disasters such as floods, hurricanes, hazardous material re-
leases. Therefore, this research aims to analyze the effect of land cover change on 
environmental hazards by using GIS and remote sensing technologies. More 
specifically, its main goal is to test whether land cover change is related to floods 
in the state of Texas from 1993 to 2012 by using such technologies. The reason 
why the time frame (i.e., 1993 to 2012) was chosen is the remote sensing data 
obtained from the National Land Cover Database (NLCD) were available only 
for the time period when this research was conducted. 

This research aims to analyze the effect of land cover change in the state of 
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Texas on environmental disasters (i.e., flooding). To do so, property damage 
caused by floods was used as a proxy to environmental disasters. More specifi-
cally, the goal of the research is to test whether land cover change is related to a 
flood disaster in Texas from 1993 to 2012. 

To achieve the objective, two research hypotheses were developed. The main 
point of the hypotheses is that the increase in the spatial extent of built envi-
ronment and the decrease in that of the natural environment contribute to the 
increase of loss of life and property resulting from flooding events. These hypo-
theses and their rationales are as follows: 
- Hypothesis 1: The change in forest area within a county from 1992 to 2012 is 

correlated with its total property damage resulting from flooding. 
- Rationale for Hypothesis 1: Forest area can contain much precipitation 

through an infiltration process instead of letting the runoff flow into the ur-
ban built environment, rivers or lakes during rainfall because the area is per-
vious. However, if forest area is converted into impervious built-up area, then 
flooding is more likely to happen than ever. Therefore, the decrease in spatial 
extent of forest is expected to contribute to flooding, which can claim loss of 
life and property damage, especially in the urban areas.  

- Hypothesis 2: The change in built-up area within a county from 1992 to 2012 
is correlated with its total property damage resulting from flooding. 

- Rationale for Hypothesis 2: Impervious areas that comprise built-up sites 
(e.g., buildings, roads, streets, and parking lots) make runoff stay longer 
mostly in the roads and streets, which causes the water flow level to increase 
in urban areas, resulting in flooding. Therefore, the increase in spatial extent 
of built-up area is expected to contribute to flooding, which is highly likely to 
claim greater loss of life and property damage. 

2. Materials and Methods 
2.1. Study Area and Data 
2.1.1. Study Area 
The study area is the state of Texas. The state is situated in the south central part 
of the country and bordered by Louisiana on the east, Oklahoma on the north, 
New Mexico on the west, and the Gulf of Mexico and Mexico on the south. This 
second largest state in terms of its population (about 25.7 million in 2011) [7] 
and spatial extent (268,820 square miles) has three metropolitan areas such as 
Houston, Dallas-Fort Worth, and San Antonio. The year 2010 United Census 
statistics show that the state’s racial and ethnicity consist of White (70.4%; 
Non-Hispanic Whites: 45.3%), Black or African American (11.8%), Native 
American (0.7%), Asian (3.8%), and Pacific Islander (0.1%) with other race 
(10.5%) [8]. Much of Texas has been plagued with various natural (e.g., floods, 
hurricane, tornadoes, wildfire, and extreme weather) and technological disasters 
(e.g., hazardous material releases). Since the state has Tornado Alley along its 
northern region, the most tornadoes occur in this state every year. Hurricanes 
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are also one of the salient natural events in this state. A hurricane which struck 
Galveston in 1900 in the southern part of Texas claimed over 8000 deaths, which 
ranked the first in the most death tolls in the U.S. history [9]. Also, the state has 
a high risk from hazardous material accidents because the state has a large 
number of oil refining and manufacturing facilities along the coast line [10]. If a 
hurricane of category 3, 4 or 5 hit oil-gas facilities located in the east coast, the 
very deadliest and costliest extreme disaster would happen in the country. In ad-
dition, Texas has seen a lot of flooding events. According to National Weather 
Service, it is floods and flash floods that claim an average of 15 causalities every 
year in Texas. Especially, flash floods with little or no lead time for emergency 
warnings rapidly trigger runoff, which can lead to more damage and loss of life 
than regular floods that usually happen within or near floodplains.  

As mentioned earlier, the economic damages triggered by these natural and 
technological disasters in the state are likely to increase as a consequence of 
population growth and its concentration, especially in fifteen counties along the 
Gulf coast region. In reality, according to the Census Bureau data, 10 out of 13 
counties in the Gulf coast region have experienced rapid population growth rates 
from 2000 to 2008, ranging from 10% to 50%. Additionally, it is more important 
to note that this increased physical vulnerability is likely to be related to land 
cover change over the last decade. This issue will be dealt with in details in the 
section of research results.  

2.1.2. Data 
One of the main datasets used for this research is the National Land Cover Da-
tabase (NLCD), which can publicly be downloaded from  
http://www.mrlc.gov/index.php. NLCD is Lansat TM-based land cover maps of 
the United States. Landsat TM sensor produces seven spectral bands of imagery, 
each of which has a spatial resolution of 30 meters, and one far-infrared band of 
imagery, which has a spatial resolution of 120 meters. These remote sensing im-
ages can be downloaded at no charge from the USGS Earth Explorer website 
(http://earthexplorer.usgs.gov). 

NLCD products currently available include land cover maps for 1992, 2001, 
and 2006, and land cover change between 1992 and 2001, all of which have me-
tadata including spatial reference and land cover classification systems. These 
datasets were developed by the Multi-Resolution Land Characteristics Consor-
tium (MRLC) consisting of a host of federal government agencies. MRLC is a 
partnership to conduct a national land cover mapping project. In 1992 partici-
pants of MRLC included the Environmental Protection Agency, the United 
States Geologic Survey, National Oceanic and Atmospheric Administration, the 
United States Forest Service, the National Aeronautics and Space Administra-
tion, and the Bureau of Land Management while the list of 2001 and 2006 was 
added to the list of the 1992 participants, which include LANDFIRE, the Natural 
Resources Conservation Service, the National Park Service, the US Fish and 
Wildlife Service, and the Office of Surface Mining. 
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In 1992, MRLC partners started to develop the first land-cover data, the 
NLCD 1992 for the continuous 48 United States by using 30-meter Landsat TM 
images which were obtained in 1991, 1992 and 1993 [11]. This land cover map 
consists of 21 different classes of land cover. In 2006, MRLC began conducting a 
third-time land-cover mapping project. This land cover classes follows the land 
cover classification method used in 2001, which features 16 different classes. All 
the different land classes are shown in Table 1 below.  

Even though the 1992 and 2006 NLCD vary with classification methods, this 
research used only the classes found in both NLCDs (e.g., open water, forest, and 
wetlands). In addition, some classes were merged so that each NLCD could have  
 
Table 1. NLCD classification schemes [12]. 

1992 Scheme 2001-2006 Scheme 

11-Open water 
12-Perennial Ice/Snow 

11-Open water 
12-Perennial Ice/Snow 

21-Low Intensity Residential 
22-High Intensity Residential 
23-Commercial/Industrial/Transportation 

21-Developed, Open Space 
22-Developed, Low Intensity 
23-Developed, Medium Intensity 
24-Developed, High Intensity 

31-Bare Rock/Sand/Clay 
32-Quarries/Strip Mines/Gravel Pits 
33-Transitional 

31-Barren Land 
32-Unconsolidated Shore1 

41-Deciduous Forest 
42-Evergreen Forest 
43-Mixed Forest 

41-Deciduous Forest 
42-Evergreen Forest 
43-Mixed Forest 

51-Shrubland 
51-Dwarf Scrub2 
52-Scrub/Shrub 

61-Orchards/Vineyards/Other 
 

71-Grassland/Herbaceous 

71-Grassland/Herbaceous 
72-Sedge Herbaceous2 
73-Lichens2 
74-Moss2 

81-Pasture/Hay 
82-Row Crops 
83-Small Grains 
84-Fallow 
85-Urban/Recreational Grasses 

81-Pasture/Hay 
82-Cultivated Crops 

91-Woody Wetlands 
92-Emergent Herbaceous Wetlands 

90-Woody Wetlands 
91-Palustrine Forested Wetland1 
92-Palustrine Scrub/Shrub1 
93-Estuarine Forested Wetlands1 
94-Estuarine Scrub/Shrub1 
95-Emergent Herbaceous Wetland 
96-Palustrine Emergent Wetland (Persistent)1 
97-Palustrine Emergent Wetland1 
98-Palustrine Aquatic Bed1 
99-Estuarine Aquatic Bed1 

1C-CAP (Coastal Change Analysis Program) only; 2Alaska only. 
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the same class. For example, Class No. 21 to 23 in NLCD 1992 and Class No. 21 
to 24 in NLCD 2006 were combined respectively to form a new common class, 
called the built-up area.  

The 1992 land cover map was made in 2001 by 1) producing mosaicked scenes 
and clusters based on an unsupervised algorithm, 2) defining classes based on 
aerial photos, and 3) reclassifying some complicated clusters by using an ancil-
lary data [13]. Meanwhile, NLCD 2006 that followed NLCD 2001 was made by 
using the fundamental model initiated by the NOAA C-CAP (The Coastal 
Change Analysis Program). C-CAP aims to create a nationwide standardized 
database that contains information on land cover and land change across the 
coastal areas. NLCD 2001 and 2006 have been improved, compared with NLCD 
1992; While NLCD 1992 was a dataset for the national land cover, NLCD 2001 
and 2006 are made up of three components: “land cover, impervious surface and 
canopy density” [14]. 

The other main dataset used for this research is flood loss data derived from 
Storm Events Database, developed and maintained by NOAA’s National Cli-
matic Data Center (NCDC). This data archive, which is freely available to the 
public (http://www.ncdc.noaa.gov/stormevents), provides information on an ar-
ray of records for storm events (i.e., floods, flash floods, hails, hurricanes, high 
wind, and extreme weather) at the city or town level, ranging from 1950s to 
2012. This database also provides information on the number of injuries and 
deaths and the estimated amount of property damages for each event by city or 
town. For this research purpose, records related to flooding for the state of Texas 
from 1992 to 2012 were extracted from all the records for the nation.  

2.2. Analytical Methods  

The main goal of this research is to investigate the effect of land cover change in 
Texas on environmental disasters (i.e., flooding). In doing so, the loss of life and 
property caused by flooding will be used as a proxy to disasters. The research 
hypothesis is that the increase in the spatial extent of the built environment and 
the decrease in that of the natural environment will be related to the increase of 
loss of life and property resulting from flooding events. Therefore, it was of 
much essence to delineate the land cover change for each class in terms of spatial 
extent by county.  

Since the study area is the state of Texas, the 1992 and 2006 land cover maps 
covering only the study area were extracted out of each of the 1992 and 2006 
NLCDs covering all the lower 48 states by using a function, called “Create New 
File” on the ENVI program. Then, both the land cover maps and Texas County 
boundary map were added into the ArcMap program, on which the spatial extent 
for each of the land cover classes by county was respectively calculated by using an 
Arctool, called “Tabulate Area” within an extension of “Spatial Analyst”.  

Once these two types of datasets (i.e., 1992 and 2006 NLCD, and flood loss 
data) are gathered, both descriptive statistics using graphs and charts and infe-
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rential statistics using correlation analyses will be conducted to test whether land 
cover change is associated with environmental disasters. The results will be dis-
played on GIS maps to clearly show the relationships between those variables. 

2.3. NLCD Land Cover Maps  

Two land cover class maps were developed from NLCDs of 1992 and 2006. Each 
of the maps had the same 7 classes, because several classes with similar characte-
ristics were combined into a common class. The following land classes were 
merged: Low Intensity Residential, High Intensity Residential, and Commer-
cial/Industrial/Transportation from the 1992 NLCD were converted into a 
common class named Built-up while similarly, Developed Open Space, Low In-
tensity, Medium Intensity, High Intensity from the 2006 NLCD were converted 
into the Built-up class as well; Orchards/Vineyards/Other, Grassland/ Herba-
ceous, Pasture/Hay, Row Crops, Small Grains, Fallow, and Urban/Recreational 
Grasses from the 1992 NLCD were merged into a common class named Grass 
while Grassland/Herbaceous, Sedge Herbaceous, Lichens, and Moss from the 
2006 NLCD were merged into the Grass class.  

Figure 1 shows the land cover maps of Texas, developed from the NLCDs of 
1992 and 2006, which were classified as 7 different classes; Water, Built-up, Bare 
Land, Forest, Shrub, Grass, and Wetland. Comparing these two maps, it is nota-
ble that during this period, the spatial extents in three metropolitan areas (i.e., 
Dallas-Fort Worth, San Antonio-New Braunfels, and Houston) in red collar, 
which indicates the Built-up class, have all increased. Also, the spatial extent for 
the Built-up class has also increased within many other small cities, which were 
distributed all across the state of Texas. It is also important to notice that the 
spatial extent for the Forest class mainly situated in the middle and eastern part 
in the state dramatically decreased over the same period. These results suggest 
that some part of the forest areas has been changed into an urban built-up area.  

Table 2 illustrates descriptive statistics for land cover change at the state level. 
Since this research focuses on analyzing the relationships between the Built-up 
area and the Forest area, the description of the other variables such as the areas 
for Grass, Shrub, Wetland, and Water will be omitted. In addition, the unit of  
 

 
Figure 1. Land cover maps of texas. 
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Table 2. Descriptive statistics for land cover change. 

Class 

1992 
Total 

2006 
Total D* 

(%) 
m2 % m2 % 

Water 19,346,676,300 3 16,185,410,100 2 −1 

Built-up 13,096,528,200 2 43,257,759,300 6 4 

Bare Land 8,540,986,500 1 4,361,076,000 1 0 

Forest 110,883,012,300 15 70,185,145,500 10 −5 

Shrub 225,466,770,600 31 273,687,414,300 39 8 

Grass 341,246,325,600 47 259,642,178,100 37 −10 

Wetland 14,019,094,800 2 28,182,092,400 4 2 

Total 732,599,394,300 100 695,501,075,700 100 
 

D*: Difference. 

 
the analysis for this table is at the state level, a descriptive analysis at the county 
level will not be discussed.  

One of the main reasons for the big difference between 1992 and 2006 in the 
total spatial extent of the entire Texas state is due to the fact that the land area of 
non-classified sites was excluded in calculating the total spatial extent of Texas in 
this table. As seen in Table 1, in the 1992 land cover map, the site which was 
classified as Grass accounted for 47% of the total spatial area of Texas, followed 
by Shrub (31%) and Forest (15%) while each percentage of the sites classified as 
Bare Land, Built-up, Wetland, and Water ranged only from 1% to 3%. Mean-
while, in the 2006 land cover map, the site classified as Shrub accounted for 39% 
of the total area, followed by Grass (37%) and Forest (10%) while each percen-
tage of the sites classified as Bare Land, Built-up, Wetland, and Water ranged 
only from 1% to 4%.  

It is noticeable that the Built-up area increased from 2% to 4% over the period 
of 1992 and 2006 while the Forest area decreased from 15% to 10%. In addition, 
a big increase in the Shrub class and a big decrease in the Grass class might have 
been influenced by the classification definition; namely, the land cover classifica-
tions for Shrub and Grass in the 1992 NLCD were significantly different from 
those in the 2006 NLCD. It is of much interest that the site classified as Wetland 
increased from 2% to 4%. The first reason is that the classification method for 
the Wetland differed between the 1992 NLCD and the 2006 NLCD. In other 
words, the classes converted into the Wetland class in the 1992 NLCD for this 
research purpose include two different classes (Woody Wetlands and Emergent 
Herbaceous Wetlands) while the classes converted into the Wetland class in the 
2006 NLCD include 10 different classes (Woody Wetlands, Palustrine Forested 
Wetland, Palustrine Scrub/Shrub, Estuarine Forested Wetlands, Estuarine Scrub/ 
Shrub, Emergent Herbaceous Wetland, Palustrine Emergent Wetland, Palustrine 
Emergent Wetland, Palustrine Aquatic Bed, and Estuarine Aquatic Bed). The 
second reason is that the increase in the Wetland class in year 2006 could be in-
fluenced by a seasonal factor. For example, some counties located in the area 
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vulnerable to hurricanes and floods may have experienced these types of extreme 
events at the time when the remote sensor took the image. This may have con-
tributed to the rise of the Wetland spatial extent area. 

To show how much land cover change in terms for urban built-up area oc-
curred, top ten counties were chosen. As shown in Figure 2, these counties had a 
big increase in the spatial extent for Built-up area from 1992 to 2012. It is im-
portant to note that counties with metropolitan areas-Harris (including Hou-
ston), Dallas (including Dallas), Tarrant (including Fort Worth and Arlington), 
Bexar (including San Antonio) and Travis (including Austin, the capital of the 
state)-continue to experience fast-growing urbanization in the State. More spe-
cifically, Harris County and Dallas County ranked in the fifth and ninth respec-
tively in terms of population in the United States are still expanding their own 
built-up environment by consuming natural environment such as green vegeta-
tion, and forest areas.  

Meanwhile, Figure 3 shows top ten counties which had a big decrease in the  
 

 
Figure 2. Top 10 counties with an increase in built-up area (1992-2012). 

 

 
Figure 3. Top 10 counties with a decrease in forest area (1992-2012). 
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spatial extent for the Forest class from 1992 to 2012. What should be noted is 
that the counties’ population is relatively smaller than that of the top ten coun-
ties listed in Figure 2. The fact that the forest area within these counties is con-
verting into area for other urban land use purposes tells us that their urban 
built-up area is on the rise simply because the forest land is usually being devel-
oped into built environment. This means that small cities in the state of Texas 
are likely to be newly developing and growing into big cities. It also means that 
deforestation within these counties can make flooding events more frequent 
than ever.  

2.4. Flood Loss Map 

To investigate the relationship between land cover change and environmental 
disasters (i.e., floods), the data related to flooding were required. Therefore, 
flood loss data for the state of Texas were derived from the Storm Events Data-
base administered by NOAA’s National Climatic Data Center (NCDC). Since 
this database contains information on a variety of records for storm events such 
as floods, hurricanes, tornadoes, and extreme weather, only the records related 
to flooding for Texas from 1992 to 2012 were extracted from all the records of 
the nation.  

For example, from 1993 to 2007, Texas experienced about 9800 flood events in 
209 counties among 254 counties. These events caused an estimated $148 mil-
lion in economic loss, 257 fatalities and 6927 injuries. Based upon the estimated 
property damage caused from 1993 to 2007, a flood loss map was developed to 
show a huge increase in property damage during the period. Figure 4 clearly 
shows an increase in property damage appears chiefly in a north-central-south 
belt in the central and eastern region of Texas, even though such increase does 
appear in its northwestern region. Especially, this damage increase is mainly 
seen in the counties including Harris, Dallas, Tarrant, Bexar, and Travis. 

3. Results  

Two types of datasets (i.e., both the 1992 NLCD and 2006 NLCD, and flood loss 
data) were put into the spreadsheet in the SPSS program for correlational analy-
sis, which showed whether or not the land cover change over time was correlated 
to environmental disasters. Table 3 shows all the correlations results. In these 
correlations, all the land cover types and the total property damage (which hap-
pened from 1993 to 2012) were compared. The correlation results showed that 
the land cover types-Water, Bareland, Shrub, and Grass-were not correlated with 
the property damage. However, the results showed that both Built-up area 
(0.638**) and Wetland area (0.203**) were positively related to its total property 
damage resulting from flooding. Meanwhile, the statistical analysis also showed 
that Forest area (−0.112*) was negatively correlated with its total property dam-
age resulting from flooding. As discussed in the research hypotheses above, it is 
reasonable that there is a positive correlation (i.e., the increase in the Built-up  
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Figure 4. Flood loss map of texas (1993 and 2007). 

 
area versus the increase in property damage, and a negative correlation (i.e., the 
decrease in the Forest area and the increase in property damage). However, the 
reason why there is an association between the increase in the Wetland area and 
the increase in the property damage remains unknown. As mentioned above, the 
increase in the spatial extent for Wetland area may have been affected by a hur-
ricane occurring in the state of Texas or may have been due to the classification 
definition. In fact, the original classification methods for the Wetland clearly va-
ried between the 1992 NLCD and 2006 NLCD. Therefore, some errors may have 
been introduced in merging some classes into a common Wetland class. 

4. Discussion and Conclusions  

Almost all the countries in the world have seen that urbanization has been, and 
it will continue to be a trend. It is very important to note that this urbanization 
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Table 3. Correlation results of land cover variables and property damage from flooding. 

Classification Water Built-up 
Bare 
Land 

Forest Shrub Grass 
Wet 
Land 

Total 
Property 
Damage 

Water 

Pearson 
Correlation 

1 0.148** −0.154** 0.076 −0.122* 0.031 0.106* 0.07 

Sig. 
(1-tailed)  

0.009 0.007 0.115 0.026 0.31 0.046 0.134 

N 254 254 254 254 254 254 254 254 

Built-up 

Pearson 
Correlation 

0.148** 1 0.057 −0.021 −0.129* 0.036 0.195** 0.638** 

Sig. 
(1-tailed) 

0.009 
 

0.184 0.37 0.02 0.282 0.001 0 

N 254 254 254 254 254 254 254 254 

Bare   
Land 

Pearson 
Correlation 

−0.154** 0.057 1 0.120* 0.089 0.120* −0.098 −0.019 

Sig. 
(1-tailed) 

0.007 0.184 
 

0.028 0.079 0.028 0.06 0.382 

N 254 254 254 254 254 254 254 254 

Forest 

Pearson 
Correlation 

0.076 −0.021 0.120* 1 −0.256** −0.213** −0.051 −0.112* 

Sig. 
(1-tailed) 

0.115 0.37 0.028 
 

0 0 0.208 0.038 

N 254 254 254 254 254 254 254 254 

Shrub 

Pearson 
Correlation 

−0.122* −0.129* 0.089 −0.256** 1 −0.041 −0.115* −0.055 

Sig. 
(1-tailed) 

0.026 0.02 0.079 0 
 

0.256 0.033 0.19 

N 254 254 254 254 254 254 254 254 

Grass 

Pearson 
Correlation 

0.031 0.036 0.120* −0.213** −0.041 1 −0.096 0.022 

Sig. 
(1-tailed) 

0.31 0.282 0.028 0 0.256 
 

0.064 0.365 

N 254 254 254 254 254 254 254 254 

Wetland 

Pearson 
Correlation 

0.106* 0.195** −0.098 −0.051 −0.115* −0.096 1 0.203** 

Sig. 
(1-tailed) 

0.046 0.001 0.06 0.208 0.033 0.064 
 

0.001 

N 254 254 254 254 254 254 254 254 

Total 
Property 
Damage 

Pearson 
Correlation 

0.07 0.638** −0.019 −0.112* −0.055 0.022 0.203** 1 

Sig. 
(1-tailed) 

0.134 0 0.382 0.038 0.19 0.365 0.001 
 

N 254 254 254 254 254 254 254 254 

*p < 0.05. **p < 0.01. Source: The data were produced based on the 1992 NLCD and 2006 NLCD, and flood 
loss data. 
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concentrate human populations and things valuable on areas vulnerable to en-
vironmental hazards, such as earthquakes, floods, hurricanes, and tornadoes. In 
addition, city growth definitely needs a situation in which the natural environ-
ment should be transformed into a built environment. It is clear that the increase 
in urban centers denotes the decrease in the pervious land for grass, vegetation, 
trees, wetlands, and forest. The condition is conducive to flooding simply be-
cause the increased impervious land for streets, roads, and structures keeps ru-
noff contained in the urban built-up area after a heavy rainfall for a due course 
of time until flooding occurs.  

As stated in the introduction section, previous studies have been conducted to 
understand the effect of land use and land cover change on the natural environ-
ment and environmental hazards [2] [3] [4] [5] [6]. However, it is notable that 
almost every research focused on looking at the relationship between landslide 
and land use/land cover change [3] [15] [16] [17] or between climate effect and 
land use/land cover change [18] [19]. There has little research done for under-
standing the effect of land cover change on flooding [5]. That is why this re-
search is thought to contribute to filling the gap in this literature.  

The correlation results in this research supported the first hypothesis that the 
increase in forest area is associated with the increase in the total property dam-
age resulting from flooding. Likewise, the correlation results supported the 
second hypothesis by showing that the increase in built-up area was statistically 
associated with the increase in a total property damage resulting from flooding 
in the state of Texas.  

In addition, this research indicates that urbanization leads to a decrease in the 
spatial extent areas assigned for water-body, forest, and grass, and also lead to an 
increase in the spatial extent assigned for impervious built-up area, which, in 
turn, is expected to contribute to flooding. Of course, these research findings 
don’t claim that urbanization is a direct cause of flooding. As a matter of fact, 
urban flooding can be prevented or the harmful effect can be reduced through a 
variety of emergency management systems such as emergency preparedness, 
disaster response and recovery, and hazard mitigation. What is clear through 
this research is that the research results support the hypotheses suggested above: 
the condition that forest areas are changed into urban built-up areas can contri-
bute to the likelihood of flood events, which, in turn, claims property losses. 

Finally, this research suggests that emergency managers/urban planners and 
their institutions, non-government organizations, and other stakeholders of 
emergency management should understand which land use and land cover types 
in their communities are transformed into built-up areas and accordingly pre-
pare for some hazard mitigation measures against any potential consequence 
from flooding in order to reduce its harmful impacts.  
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