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ABSTRACT 

The Greater St George area in Southern Utah is a hot spot for development. The 

gradual increase in population size has caused a large growth in construction. In 2018, 

a large storm hit the area and caused massive flooding in Washington, Utah. This was 

caused by new construction blocking a natural floodplain. This caused a diversion of the 

waters into the people’s homes below. The point of this project is to identify the changes 

in the land from 2008 to 2018 along with displaying the natural water passages in the 

area. The areas that are overlapped with the flood zones that have been developed on, 

are at a potential risk of dealing with major flood damage. Using the unsupervised and 

supervised classification systems on ArcMap along with a watershed analysis, the flood 

hazard zones information will be displayed within the area. Both the unsupervised and 

supervised models signify that the major flood zones are now encountering more 

developed areas. This indicates that if more work isn’t done to prevent flooding, then 

more homes are vulnerable to likely damage. Census data also indicates the 

communities with the highest flooding risk are low income and high minority 

communities. The impact of developing the area to support the growing population is 

ultimately having to cost the city and the citizens more money. Future development will 

need to make sure natural water ways are examined and flood damage to the city is 

avoided. 
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CHAPTER 1 

INTRODUCTION 

The greater Saint George (GSG) area includes 4 main cities: Saint George, Ivins, 

Santa Clara, and Washington (Figure 1). The landscape of the area consists 

predominantly of desert vegetation and bare ground. There are areas where grass or 

other vegetation may persist, but these areas are small (as in the size of a city park). To 

the north of the GSG area are large mountains that in the winter, tend to be covered in 

snow. Most of the time, there is not large amounts of flooding due to this, but on 

occasion, there can be large flooding. 

Figure 1. Greater St. George Area. The main highway cutting across the map is 
Interstate 15. The main river in view is the Santa Clara River. 
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Since the year 2008, at least 20,000 more people have moved to the GSG area 

(United States Census, 2019). This means more building and development has 

occurred. Unfortunately, due to this, more flooding has occurred. In 2018, a storm hit 

the GSG area and sent a flood of water down Main St in Washington, UT. This caused 

many homes in the area to have water damage (Rees, 2018). The cause of this flooding 

was a development built on a natural floodplain. The development made precautions to 

prevent flooding, but this meant directing the waters into the city below.  

This capstone project aims to determine if the developed land is in the areas 

most prone to flooding. Such a correlation will identify places where there should be 

more precautions against potential flooding  

The following questions will be answered by the end of this paper: 

1. How has the land changed from 2008 to 2018 in the GSG area? 

2. What areas are prone to flooding in the GSG area?  

3. What factors have an effect on the likelihood of flooding 

4. Is there a correlation between the greater amount of development and the 

likelihood that certain areas will be affected by flooding within the GSG area? 

Why or Why not? 

5. Does more of the flooding occur within low income and higher minority 

neighborhoods? 

6. Why is it important to ensure that this flooding affects as few people as possible? 

Demographics 

According to the 2010 Census. the estimated population of the GSG area is 89,587 

people. In general, this population is not very diverse. A majority of the people living in 

the area are white, nonhispanic with approximately 20.3% minority races. Within this 
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population, most of the people are considered middle class and make an average 

household income of $55,061 (United States Census, 2019). The percentage of poverty 

is at 14.6%, which is higher than the national average of 12.3% (United States Census, 

2019). Within this population, a large percentage of people (65%) own their houses and 

those that rent pay on average $971 per month. 

Water Background 

There are two main rivers in the area: the Santa Clara River and the Virgin River. 

The Santa Clara River is a relatively small river that tends to have a very low water 

content. This river is approximately 52 miles long. The river originates from Pine Valley 

Mountains and joins the Virgin River south of the GSG area. The typical discharge of 

this river between 1984 and 2005 was about 11 thousand acre feet (Wilkowske et.al, 

2006, Julander et al, 2005, ReMillard et. al., 1984, Thomas et. al., 1997, U.S. 

Geological Survey, 1991, Wilberg et. al., 2006). This is relatively small compared to 

most rivers and is linked to the warm climate and minimal annual precipitation. Though 

flooding can occur, and when it does, it tends to be very damaging. The Virgin River is 

quite a bit larger than the Santa Clara River. The Virgin River originates in Zion National 

Park and travels 165.5 miles along Nevada, Arizona, and Utah. This river eventually 

joins with the Colorado River (National Wildlife and Scenic Rivers System, 2009). 

Typical annual discharge for this river is 172 thousand acre feet (Wilkowske et.al, 2006, 

Julander et al, 2005, ReMillard et. al., 1984, Thomas et. al., 1997, U.S. Geological 

Survey, 1991, Wilberg et. al., 2006).  

In 2005, there was a large amount of rainfall causing flooding throughout the 

state of Utah. The average amount of discharge for the Santa Clara River went from 11 

thousand acre feet to 85 thousand acre feet. The Virgin River increased from 172 
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thousand acre feet to 549 thousand acre feet. On January 8, 2005 a large storm came 

through the Santa Clara River area increasing the discharge to a staggering 4,890 

ft3/sec (Wilkowske et.al, 2006, Julander et al, 2005, ReMillard et. al., 1984, Thomas et. 

al., 1997, U.S. Geological Survey, 1991, Wilberg et. al., 2006). The Virgin River had a 

discharge recorded at 19,000 ft3/sec on the morning of January 10th. By January 11th, 

the peak discharge of the Santa Clara River was now at 6,200 ft3/sec and the Virgin 

River was 19,600 ft3/sec. This caused massive flooding resulting in an estimated 

damage cost of $225 million dollars in damage (personal and infrastructure). These 

floods are likely to reoccur every 10 to 50 years (10-25 years for the Virgin River and 

25-50 years for the Santa Clara River, Wilkowske et.al, 2006, Julander et al, 2005, 

ReMillard et. al., 1984, Thomas et. al., 1997, U.S. Geological Survey, 1991, Wilberg et. 

al., 2006). 

In 2018, another flood occurred in August. This flood hit in the northern section of 

Washington City. Due to a new development obstructing a natural floodplain, the water 

flowed down Main Street. This caused many homes to have flood damage. This is also 

the location of one of the lower income communities. Many residents had damage to 

their home they were fiscally responsible for. 

Objectives 

This report takes a close look at this flooding habit in relation to the land 

cover/land use data to determine the areas likely affected by the flooding of the area. 

The objectives of this paper are: 

 
 

1. To determine specific areas where flooding occurs in the GSG area. 

2. To determine the change in land cover/land use from 2008 to 2018. 
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3. To determine the populations that are affected by the flooding. 

4. To determine the best way to mitigate flood risks in the GSG area.  

 
The answer to these objectives will come from running an unsupervised and 

supervised analysis on Landsat 7 and 8 data. Then overlaying a floodplain layer to 

determine where the crossover is most commonly located. The hope is to determine if 

the developed areas increase flood risk within the study area. 

 

CHAPTER 2 

METHODS 

Data 

Land Cover/Land Use Data 

The data obtained for the Land Cover/Land Use analysis was obtained from 

USGS Earth Explorer (https://earthexplorer.usgs.gov/). The data obtained was aerial 

images of Washington County, Utah for the years of 2008 (Figure 2) and 2018 (Figure 

3). This data was obtained on May 26, 2021. 
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Figure 2. 2008 Data Used for the Classification Process. 

 

 

Figure 3. 2018 Data Used for the Classification Process. 
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DEM Data 

The data obtained for the DEM watershed analysis was obtained from Utah 

Automated Geographic Reference Center (Utah AGRC, https://gis.utah.gov/data/, 

Figure 4).The data obtained from this was Elevation Data. This data was obtained on 

July 2,2020. 

 

Figure 4. DEM data used for the Watershed Analysis. 

Other Vector Data 

Floodplain data was also downloaded from the Utah AGRC website. The 

floodplain data reveals areas that are prone to flooding within Washington County 

(Figure 5). The use of this data is to compare the analysis from DEM data with mapped 

by the state of Utah. This data was obtained on June 5, 2020. 
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Figure 5. Floodplain data overlaid on a base map of the GSG area. 

 

Reference Map Data 

Data for the reference map was also downloaded from the Utah AGRC website. 

This data includes cities, rivers, lakes, roads, and major highways. This data will be 

utilized to show the relative area related to the study. This data was obtained on June 5, 

2020. 

 

Census Data 

Data for the census maps was obtained from the Utah AGRC website. This data 

includes annual household income and demographic information. This data will be 
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utilized to show the demographics in the area related to the study. This data was 

obtained on June 5, 2020 

Table 1. Metadata of GIS data sources.  
 

Dataset Name Year of 
Publication 

Author/ 
Owner 

URL What is 
communic
ated? 

Coordinate 
System 

Spatial 
Resolution 
(If Raster) 

Type of 
Geometry 
(If Vector) 

LC08_L1TP_03
8034 
_20181216_202
0083 
0_02_T1 

2018 Earth Explorer 
USGS 

https://earthexplor
er.usgs.gov/ 

Landsat 
data of 
Washington 
County from 
2018. 

Coordinate System: 
WGS_1984_Albers, 
Datum: 
D_WGS_1984, 
EPSG Code: 4326 

0.6 meters  

LE07_L1TP_03
8034 
_20081228_ 
20200912_02_T
1 

2008 Earth Explorer 
USGS 

https://earthexplor
er.usgs.gov/ 

Landsat 
data of 
Washington 
County from 
2008. 

Coordinate System: 
WGS_1984_Albers, 
Datum: 
D_WGS_1984, 
EPSG Code: 4326 

2 meters  

Stm_raster 2020 Utah AGRA https://gis.utah.go
v/data/ 

DEM Data 
that displays 
streams. 

Coordinate System: 
GCS_WGS_1984, 
Datum: 
D_WGS_1984, 
EPSG Code: 4326 

5 meters  

Floodzones 2017 Utah AGRA https://gis.utah.go
v/data/ 

Floodplain 
information 
for 
Washington 
County 

Coordinate System: 
GCS_North_Americ
an_1983, Datum: 
D_North_American_
1983, EPSG Code: 
6269 

 Polygon 

Cities_WC 2020 Utah AGRA https://gis.utah.go
v/data/ 

Cities within 
Washington 
County 

Coordinate System: 
GCS_North_Americ
an_1983, Datum: 
D_North_American_
1983, EPSG Code: 
6269 

 Point 

Highway 2020 Utah AGRA https://gis.utah.go
v/data/ 

Highways 
within 
Washington 
County 

Coordinate System: 
GCS_North_Americ
an_1983, Datum: 
D_North_American_
1983, EPSG Code: 
6269 

 Line 

Road 2020 Utah AGRA https://gis.utah.go
v/data/ 

Roads 
within 
Washington 
County 

Coordinate System: 
GCS_North_Americ
an_1983, Datum: 
D_North_American_
1983, EPSG Code: 
6269 

 Line 

River 2016 Utah AGRA https://gis.utah.go
v/data/ 

Rivers 
within 
Washington 
County 

Coordinate System: 
GCS_North_Americ
an_1983, Datum: 
D_North_American_
1983, EPSG Code: 
6269 

 Line 

Lake 2016 Utah AGRA https://gis.utah.go
v/data/ 

Lakes within 
Washington 
County  

Coordinate System: 
GCS_North_Americ
an_1983, Datum: 
D_North_American_
1983, EPSG Code: 
6269 

 Polygon 

ACS_2018_5YR
_BG_49_UTAH 
selection 

2020 Utah AGRA https://gis.utah.go
v/data/demograph
ic/census/ 

Census 
Data within 
Washington 
County 

Coordinate System: 
GCS_North_Americ
an_1983, Datum: 
D_North_American_
1983, EPSG Code: 
6269 

 Polygon 
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Techniques 

The following techniques were used to classify the data. Machine learning is used to 

identify patterns based on algorithms to predict and model spatial relationships. This is 

especially useful within ArcGIS geoprocessing tools to classify data from LandSat and 

other spatial data images. Below the processes based on machine learning are 

described for the project including land cover/land use classification, watershed 

classification, and Census data classification. 

 
Land Cover/Land Use Classification 

Unsupervised classification will be based on the Isocluster classification tool in 

ArcMap (Figure 6). The results produce 20 clusters which are then re-classified as 

developed, forest, desert vegetation, grass/agriculture, or bare ground using the 

Reclassify (Spatial Analyst) tool. To do this, a basemap was used to zoom in to the 

specific colors to define the specific classes. Finally, a Majority filter will remove isolated 

pixels from the classification output. 

The Iso Cluster tool creates a classified raster with a signature file. The resulting 

file can be used for other classification tools. This software utilizes the arbitrary mean 

value of every cell to assign that cell to a specific cluster. The means are then 

recalculated within each cluster until they meet the number of iterations set, for the 

purpose of this project this value was set to 20. The value of the classes created will 

need to be two or greater. For the point of this study, we will use 5 classes; Baren 

Ground, Desert Vegetation, Developed, Forest, and Agriculture/Grass). Statistics are 

used to determine if the data is classified correctly. The Iso Cluster process was best 

suited for this project because this tool automatically finds the clusters and outputs an 
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image file that meets the requirements. This means that there is less opportunity to alter 

the data and cause errors to occur. After the image is classified, there is a need to 

smooth the data by using the majority filter tool. 

The second part of the process was to complete a Supervised Classification 

(Figure 7). the first, training data is extracted from the input images and entered in 

ArcMap Training Sample Manager. After adding the basemap, known areas of the 

classes (developed, forests, desert vegetation, grass/agriculture, and bare ground) will 

be zoomed into and non-overlapping sample polygons (at least 5 per class) will be 

drawn. In ArcGIS the SVM tool has advantages over the traditional methods. First, the 

SVM classifier can handle larger data sets. Second, the classifier is less likely to have 

noise, correlated bands, and an unbalanced size of training sites within each class. 

Overall, this means that the SVM model is more reliable and less likely to have errors 

within the classification process. After the training dataset has been set, a Support 

Vector Machine classifier will be run. Once the SVM classification model has been 

created, the Classify Raster tool will be used to classify the rest of the images not 

classified yet. 

After this step, the data will be aggregated in a Confusion Matrix for the validation 

of the classes based on accuracy, precision, recall, and the kappa index. This will be 

competed for each set so they will both have two maps relaying the training samples 

and the validation of the sampling.   
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Watersheds 

A Hydrological Modelling will helps identify potential watersheds within the 

Washington County Area. This process is important to show the major physical 

components of the GSG area. The first step to this is to create a hydrologically 

conditioned DEM (Figure 8). To do this, I will need to utilize multiple tools in the Spatial 

Analysts and Hydrology tool sets. The tools from this section will be utilized to show the 

general direction that water moves within the area and to correct for any incorrect or 

lower value within the model. This will ensure that the data is prepared for the next step 

within the process. The next step is to create a flow delineation. These tools will help 

create a stream network from the data. This will show where the streams in the area are 

and where they flow to. The stream order will show the segments of each stream 

network within the area. From this data I can then do the watershed modeling. This will 

give me the total look of the watersheds in the area. This will give a general idea of how 

the water naturally moves within the area and why flooding is more prone to occur 

within certain locations within the GSG area. 

Unsupervised 
Data Isocluster Tool Reclassify Tool

Reclassify Tool
(5 Classes)

Supervised 
Data

Training 
Samples

(5 Classes)
SVM Tool Classify 

Raster Tool

Figure 6. Workflow for unsupervised classification of Landsat imagery 

Figure 7. Workflow for supervised classification of Landsat imagery 
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Figure 8. The DEM data was classified through multiple tools outlined above. 

 

Floodplain Mapping 

Flood zone data has been obtained from the Utah AGRC website. This data will 

be laid over the top of the data from the Land Cover/Land Use Map and the Watersheds 

map. This will show the areas that are more likely to be flooded and where the natural 

waterway would have taken the water.  

Census Mapping 

The census data will be displayed based on percentages. The minorities (African 

American, Asian, Latino Pacific and Native American.) will be added together then 

divided by the total population. This will give a percentage of minorities within each 

census block. Income will be manually separated into five intervals, to break the lower, 

middle, and upper classes into more distinct zones within the area. The floodplain data 

Watershed Flow Direction 
Tool Sink Tool Fill Tool

Flow 
Delineation 

Tool

Flow 
Accumulation 

Too

Stream Order 
Tool

Stream to 
Feature Tool

Con Tool Raster 
Calculator

Snap Pour 
Point Tool

Watershed 
Tool

Basin Tool
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will then be overlain on top to show the general populations that will be more like to be 

affected by flooding.  

Analysis 

Data will be overlapped to describe the differences within that particular 

timeframe. Next, they will be compared to with the goal of describing associations 

between development and flood risk for areas around Washington County. 

CHAPTER 3 

RESULTS 

Land Cover/Land Use Data 

Land Cover/Land Use 2008 

The GSG area is widely classified as developed. The unsupervised data shows 

there is 1,272 acres of Grass, Agriculture, and Forested areas within the developed 

zones (Figure 9). In the southeastern section of the GSG area, there is a large area 

classified as Grass/Agriculture. This is a large area of farmland. Surrounding the 

developed area is approximately 8,276 acres of Desert Vegetation and Bare Ground. 

Some of the Grass is classified along rivers in the area.  
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Figure 9. The unsupervised classification of the Greater St. George Area from 

2008. 

 

The supervised data shows 220 acres of grass and agriculture dispersed 

throughout the city (Figure 10). There is more bare ground and desert vegetation in the 

city itself. There is still the large farm area in the southeastern section of the map. The 

area appears to have more desert vegetation (3939 acres) then bare ground (2362) 

surrounding the main developed area.  
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Figure 10. The supervised classification of the Greater St. George Area from 2008 
 

The Confusion Matrix was completed on both the unsupervised and supervised 

data. This was done with random sampling (Table 2 and Table 3) and equal interval 

sampling (Table 4 and 5).  Classification of the unsupervised data indicates a 70% 

accuracy with random sampling and a 55% accuracy with equal interval sampling. 

Classification of the supervised data indicates a 77% accuracy with random sampling 

and a 63% accuracy with equal interval sampling. The most inaccurate sampling was 

the Developed area. These areas are similar in color to those of the desert vegetation 



 

26 

and bare ground. This indicates that there was more of a bias towards this type of 

classification.  

 

Table 2. Random Sampling Error Matrix for 2008 Unsupervised Data. 
Classified Category (1)Developed (2)Forest (3)Desert 

Vegetation 
(4)Grass 

Agriculture 
(5)Bare 
Ground 

Total 

(1)Developed 3 3 13 2 2 23 
(2)Forest 0 9 0 0 0 9 
(3)Desert 

Vegetation 
0 0 32 0 5 37 

(4)Grass Agriculture 0 2 1 8 1 12 
(5)Bare Ground 1 1 5 0 28 35 

Total 4 15 51 10 36  
 
Table 3. Random Sampling Error Matrix for 2008 Supervised Data. 

Classified Category (1)Developed (2)Forest (3)Desert 
Vegetation 

(4)Grass 
Agriculture 

(5)Bare 
Ground 

Total 

(1)Developed 3 3 3 2 1 12 
(2)Forest 0 9 0 0 1 10 
(3)Desert 

Vegetation 
0 2 47 1 2 52 

(4)Grass Agriculture 0 1 1 7 1 10 
(5)Bare Ground 1 0 0 0 31 32 

Total 4 15 51 10 36  
 
Table 4. Equal Interval Sampling Error Matrix for 2008 Unsupervised Data. 

Classified Category (1)Developed (2)Forest (3)Desert 
Vegetation 

(4)Grass 
Agriculture 

(5)Bare 
Ground 

Total 

(1)Developed 6 4 13 4 0 27 
(2)Forest 0 12 0 1 0 13 
(3)Desert 

Vegetation 
2 0 6 0 3 11 

(4)Grass Agriculture 4 9 8 8 0 29 
(5)Bare Ground 0 0 3 0 17 20 

Total 12 25 30 13 20  
 
Table 5. Equal Interval Sampling Error Matrix for 2008 Supervised Data. 

Classified Category (1)Developed (2)Forest (3)Desert 
Vegetation 

(4)Grass 
Agriculture 

(5)Bare 
Ground 

Total 

(1)Developed 7 4 3 4 0 18 
(2)Forest 1 14 3 2 0 20 
(3)Desert 

Vegetation 
4 0 17 0 1 22 

(4)Grass Agriculture 0 7 6 7 0 20 
(5)Bare Ground 0 0 1 0 19 20 

Total 12 25 30 13 20  
 

Land Cover/Land Use 2018 

The unsupervised data shows 1652 acres of Grass, Agriculture, and Forested 

areas within the developed zones (Figure 11). In the southeastern section of the GSG 
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area, the farmland has been mostly developed at this point. Surrounding the developed 

area is about 4,216 acres of Bare Ground.  

 

 

Figure 11. The unsupervised classification from 2018.  

 

The supervised data shows 2,532 acres of grass/agriculture within the developed 

area (Figure 12). These mark the major parks within the city and the rivers. The large 

farmlands are still showing as developed in the map. There is very little desert 

vegetation (approximately 367 acres) and mostly bare ground (825 acres) surrounding 

the city. 
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Figure 12. The supervised classification from 2018. 
 

The Confusion Matrix was completed on both the unsupervised and supervised 

data. This was done with random sampling (Table 6 and Table 7) and equal interval 

sampling (Table 8 and 9).  Classification of the unsupervised data indicates a 65% 

accuracy with random sampling and a 65% accuracy with equal interval sampling. 

Classification of the supervised data indicates a 55% accuracy with random sampling 

and a 45% accuracy with equal interval sampling. The most inaccurate sampling was 

the Developed area. These areas are similar in color to those of the desert vegetation 

and bare ground. Grass/Agriculture also has a low accuracy. The common error was 
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biased towards forest and desert vegetation areas. This indicates that there was more 

of a bias towards this type of classification.  

 

Table 6. Random Sampling Error Matrix for 2018 Unsupervised Data. 
Classified Category (1)Developed (2)Forest (3)Desert 

Vegetation 
(4)Grass 

Agriculture 
(5)Bare 
Ground 

Total 

(1)Developed 5 4 4 4 0 17 
(2)Forest 0 10 5 0 0 15 
(3)Desert 

Vegetation 
0 0 21 3 1 25 

(4)Grass Agriculture 0 0 5 3 0 8 
(5)Bare Ground 0 0 1 0 45 45 

Total 5 14 36 10 46  
 
Table 7. Random Sampling Error Matrix for 2018 Supervised Data. 

Classified Category (1)Developed (2)Forest (3)Desert 
Vegetation 

(4)Grass 
Agriculture 

(5)Bare 
Ground 

Total 

(1)Developed 3 0 10 0 34 47 
(2)Forest 0 9 1 0 0 10 
(3)Desert 

Vegetation 
0 
 

4 6 0 0 10 

(4)Grass Agriculture 2 1 19 10 0 32 
(5)Bare Ground 0 0 0 0 12 12 

Total 5 14 36 10 46  
 

 
Table 8. Equal Interval Sampling Error Matrix for 2018 Unsupervised Data. 

Classified Category (1)Developed (2)Forest (3)Desert 
Vegetation 

(4)Grass 
Agriculture 

(5)Bare 
Ground 

Total 

(1)Developed 7 5 9 0 0 21 
(2)Forest 2 15 8 1 0 26 
(3)Desert 

Vegetation 
0 0 12 0 2 14 

(4)Grass Agriculture 0 0 2 3 2 7 
(5)Bare Ground 0 0 4 1 26 31 

 
 
Table 9. Equal Interval Sampling Error Matrix for 2018 Supervised Data. 

Classified Category (1)Developed (2)Forest (3)Desert 
Vegetation 

(4)Grass 
Agriculture 

(5)Bare 
Ground 

Total 

(1)Developed 4 0 5 1 14 24 
(2)Forest 2 15 2 1 0 20 
(3)Desert 

Vegetation 
5 4 9 1 0 19 

(4)Grass Agriculture 0 1 13 2 3 19 
(5)Bare Ground 0 0 6 0 13 19 

Total 11 20 35 5 30  
 

 
Watersheds 

Within the GSG area the watersheds are predominately four watersheds. These are fed 

by melting snow from the mountains to the north and east of the GSG area. These 
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watersheds are 509,522 acres in size. The two main watersheds for the area are the 

Lower Santa Clara River and the Gould Wash – Virgin River watersheds (Figure 13). 

These are related to the two main rivers within the area. These watersheds contain the 

majority of (460852 acres) the flood zones that are within the GSG area. 

 

 

Figure 13. Local watershed basins within the Greater St. George Area. 

 

 

Census Data 

 The results from the census data indicate that the larger flood areas are in 

proximity to the higher minority locations. The eastern side of the GSG area have a 
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higher minority percentage (Figure 14). This averages between 20 to 50% minorities 

within these zones. This area contains a large majority of the base floodplains and the 

higher chance of flooding areas. These areas also happen to be the poorer areas of 

town (Figure 15). The base floodplains also interact with a higher income area. 

 

Figure 14. The percent minority classification based on Census data. 
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Figure 15. The annual household income within each census block within the Greater 
St. George Area. 

 
CHAPTER 4 

DISCUSSION 

The goal of this project was to answer the following questions: 

1. How has the land changed since 2008 to 2018 in the GSG area? 

2. What areas are prone to flooding in the GSG area? Why? 

3. Is there a correlation between the greater amount of development and the 

likelihood that certain areas will be affected by flooding within the GSG area? 

Why or Why not? 
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4. Does more of the flooding occur within low income and higher minority 

neighborhoods? 

5. Why is it important to ensure that this flooding affects as few people as possible? 

 

How has the land changed between 2008 and 2018 in the GSG area? 

 In the year 2008, there was a large amount of undeveloped land surround the 

GSG area (Figure 16). This land was predominantly covered by desert vegetation, bare 

ground, and some was used for agriculture purposes. In the year 2018, the maps 

indicate a dramatic increase of developed land within the area (Figure 16). The amount 

of natural desert vegetation dramatically decreased and much of the agricultural land 

was sold off to be developed on.  

 

 

 

 

 

 

 

 

 

 

Figure 7 This is a comparison map of the landcover/land use 
from 2008 and 2018. A) Unsupervised data from 2008. B) 
Supervised data from 2008. C) Unsupervised data from 2018. 
D) Supervised data from 2018. 

D) C) 

B) A) 

Figure 16. Classification Maps. A) 2008 Unsupervised Classification. B) 2008 
Supervised Classification. C) 2018 Unsupervised Classification. D) 2018 Supervised 
Classification. 
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What areas are prone to flooding in the GSG area? Why? 

 The areas most prone to flooding are the areas along the rivers in the natural 

floodplains. These areas are in the southern section of the GSG area. The map below 

shows a large floodplain along the Virgin River. This intersects a largely developed area 

(Figure 5). 

 

Is there a correlation between the greater amount of development and the 

likelihood that certain areas will be affected by flooding within the GSG area? 

Why or Why not? 

In the year 2008, the base floodplains were not widely developed (Figure 18). 

There was desert vegetation and agriculture surrounding those areas. This allowed for 

the natural watersheds to move water with little impact on the community.  

In 2018, the map indicates most of the areas around the natural floodplains have 

been developed around (Figure 18). This diminishes the amount of natural drainage in 

the area. This indicates that there would be more flooding in those zones. In some 

areas the development is even on the natural floodplains. This means whenever there is 

a flood, these homes and businesses will likely be flooded as well. 

 Yes, the maps of the land use and the flood zones show that the area being 

developed in the GSG area occurs where these natural floodplains already exist. To 

mitigate flooding, the developers will have to change the natural environment. Since the 

city is continuing to grow and develop, there will not be much more room to change 

these water passages. This means the developed areas will likely have more and more 

flooding occur.  

Figure 17. Flood zones overlaying a basemap showing areas more susceptible to flooding. 
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Does more of the flooding occur within low income and higher minority 
neighborhoods? 

 The minority map (Figure 14) indicates that the flood plains interact mostly with 

high minority communities. This means that if a flood were to occur, minorities would be 

at risk for dealing with the flood issues. Although there are areas with a lower 

percentage of minorities between Shivwits and St. George, the floodplain is much 

smaller. This indicates there is less of a chance for flooding to occur.  

 The income map indicates (Figure 15) that the lower income communities were 

built along the areas where more frequent flooding occurs. These areas are 0.2% to 1% 

likely to get an annual flood. This may seem like a small percentage, but the area is a 

desert and arid. There is little rain to speak of annually. Also, as the areas are 

D
 

C
 

B
) 

A) 

Figure 17. This shows the land cover/land use from 2008 and 2018 overlaid by the 
flood hazard zones. A) Unsupervised data from 2008, B) Supervised data from 

2008, C) Unsupervised Data from 2018, D) Supervised Data from 2018. 
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developed further, the likelihood that they are going to flood will increase since there will 

be lower amounts of natural drainage away from these areas. The high income 

communities are built near the natural floodplain, so they will likely suffer from flooding 

as well. As the developments are being built, the floodplains are being changed and 

shifted. This could reduce the likelihood that the wealthier communities to be flooded, or 

if they fail to shift them enough, more flooding and severe damage could occur. 

 

CHAPTER 5 

CONCLUSIONS  

 To sum up this project, the GSG area is being developed quickly. The builders 

are not taking into account the natural water passages and floodplains. This could 

increase the risk of a large flood causing millions of dollars’ worth of damage. The cities 

and developers from this area need to examine the watersheds and floodplains to better 

determine if there is another way to mitigate flood risks. Minority and low income 

communities are at a higher risk of being flooded because the build up of the areas 

south of the cities. In 2008, this would have been the area that the water would have 

flowed to alleviating the flood damage. With new developments in the area, the water 

now does not have this natural flow pattern. This can cause extreme flooding as it did in 

Washington, Utah in 2018. Reducing the amount of flooding is a priority to ensure the 

least amount of people are affected. This can cost people a lot of money and even their 

homes. It is more important to reduce this risk then to build up a community.   
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