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Abstract: Prairies or grasslands together with areas designated as agricultural lands are one of the
largest types of land cover and land use that exist today. While prairies provide habitat to a wide
variety of animals and organisms, and agricultural lands support human populations, these lands,
especially those in the immediate vicinities of large urban areas, are giving way to urbanization
at alarming rates. In particular, prairies are often viewed as wastelands because their benefit to
the effective functioning of the urban ecosystem is often not fully understood. On the other hand,
many agricultural lands are being converted for several urban uses because of the high economic
returns from their sale. In this study, we classified SPOT (Satellite Pour l’Observation de la Terre)
satellite data of the study area using the supervised maximum likelihood classification approach
in order to investigate the loss of prairies and agricultural lands due to urban expansion in six
sub-watersheds in the Kansas City metropolitan area of the States of Kansas and Missouri in the U.S.
Based on the classified maps, we computed the magnitude and rate of urban expansion, and the
proportion of loss in prairies and agricultural lands that was a result of urban expansion. Results
from the 22-year study revealed that in all six sub-watersheds, agricultural lands and grassland
were depleted at alarming rates with no sustainable effort to conserve them. These results provide
baseline information that can support a data-driven and sustainable path for urban expansion in the
examined sub-watersheds.
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1. Introduction

Urban expansion is not new, neither is its effect on various ecosystems and land cover types.
However, the alarming rates at which these lands are converted for urban uses require a deeper
understanding of the conversion processes, especially when examined at small scales, such as the
sub-watershed scale, which have not been studied in depth [1,2]. The ability to carry out this assessment
at smaller scale will provide the opportunity to investigate urban expansion impacts that would have
been lost when examined at larger scales. Rapid urban expansion in different parts of the world has
led to significant changes on the types of land use and cover, including agricultural lands [3,4] and
grasslands or prairie [5,6]. Urban expansion presents extreme problems to prairie and agricultural
lands in the immediate vicinities of large urban areas. In particular, the conversion of farmlands near
cities for other human uses is a global trend that challenges our long-term capacity to provide food,
fiber, and ecosystem services to a growing world population [7], increasingly living in major cities
around the world [2]. It is estimated that the population living in urban areas has increased from 30% in
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the 1950s to 54% in 2014 [8], with a projected increase to over 65% by 2050 [9]. This growth will continue
to put pressure on the urban ecosystem, including grass and agricultural lands. Although most people
recognize the effects that growing scarcity of fossil fuels and water will have on agriculture, there is
less awareness of the impact of other factors such as loss of prime agricultural land and prairie
on other human pursuits [10]. There is even less concern among the general population about
essential ecosystem services that are provided by farmland and natural areas, such as providing
clean water, reducing soil erosion, mitigating the impact of severe weather, preserving biodiversity,
and maintaining open land for recreation [10], which support the effective functioning of the urban
ecosystem. Thus, many even consider these lands, especially prairie, as wastelands. The conversion of
agricultural lands for other urban uses tends to be very attractive in the short term because of the high
economic returns from the sale of these lands, and the general perception that increased urbanization
is a good index of economic growth. However, in the long term, these attractive benefits will present a
challenge to future food production and ecosystem services that should support urban life.

Land is a basic resource for the survival and continued expansion of cities [11].
Nevertheless, as cities continue to expand, more units of land are converted from their natural
state into urban areas. This process will eventually lead to land-use-related problems, which may
include the development into a non-contiguous or “leapfrog” pattern or conversion from native
land cover to designed land cover [12], including the introduction of non-native invasive species.
Many case studies already exist on how urbanization has led to ecosystem degradation and loss of
ecosystem services [13], especially provisioning services [14], which are mostly provided by prairies.
Therefore, understanding urban expansion processes at a local scale and their impact on other types
of land use that provide support for the urbanization process will help us cope with the emerging
problems associated with urban development, and to ensure both environmental and socio-economic
sustainability for the ever-growing urban population [15].

Urban expansion takes place through different forms: the redevelopment of built-up areas at
higher densities, the infill of remaining open spaces in already built-up areas, or the development of
greenbelt land around cities [16]. While urban expansion may take different forms across different cities
across the globe as a result of differences in socio-economic, cultural, historical, and environmental
conditions, as well as preferences [17], its effects on the natural and urban agricultural lands are similar,
namely, mostly loss in grass/agricultural lands and ecosystem fragmentation. As a result, many rapidly
urbanizing communities are struggling with the question of whether or not the loss of agricultural
lands and the ecosystem degradation are inevitable in the expansion of their cities [7]. While many
communities in the U.S. and Europe may be able to marginally balance expanding populations and
commerce with a desire to maximize the remaining open space [7], other less developed regions of
the world may suffer a huge direct loss of these lands [18]. This situation will eventually affect their
ability to produce food [19] and maintain urban ecosystem health. However, for U.S. cities to achieve
this balance, we must strive to understand the historical urban expansion processes that account for
these effects. This will ultimately serve as a tool for balancing an expanding urban population with
the sustainability of the natural environment and urban agricultural lands. As part of broader efforts
to achieve this balance, this study identified one of the major sprawling cities in the U.S., namely,
Kansas City [20], which lies in both Missouri and Kansas States. The goal was to assess the impact of
urban expansion on the loss of prairie and agricultural lands in six sub-watersheds in the study area
between 1992 and 2014, using SPOT satellite images. SPOT imagery is a product of remote sensing that
is commonly used for studying urban growth [2,6,21,22]. SPOT satellite images are often preferred
for this type of application because of their relatively higher spatial resolution when compared with
products of similar medium resolution satellites, which allows for easier separation of feature categories
during the classification process. Hence, SPOT imagery was adopted in this study.
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2. Materials and Methods

2.1. Study Area

The Kansas City metropolitan area is a 14-county metropolitan area, anchored by Kansas City,
Missouri, and straddling the border between the states of Missouri and Kansas. It is the second
largest metropolitan area in Missouri after Greater St. Louis, and the largest with territory in Kansas,
ahead of Wichita [23]. It has a total area of 20,596 km2 and a population of 2,343,008 [24], implying
100 people per square kilometer. With rapid urbanization, the area has witnessed significant population
growth, with an estimated growth rate of about 11.3% between 2000 and 2010 [24]. The region’s
employment is projected to grow from 1.0 million in 2010 to 1.3 million in 2040 [24]. This has led to
urban sprawl, well described in previous research [20]. Kansas City metropolitan area is located in the
wooded Osage Plains ecoregion, with natural vegetation that is a mosaic of oak-hickory woodland
and bluestem prairie [25]. Six major sub-watersheds in the study area were identified for this study,
namely, Upper Shoal Creek, Buckeye Creek-Missouri-River, Blue River Outlet, East Fork Little Blue
River, Headwaters Indian Creek, and Headwaters Little Blue River.

2.2. Data Processing

In this study, we classified two SPOT satellite images (Table 1) that were used for conducting a
change analysis between 1992 and 2014 in the six sub-watersheds constituting our study area (Figure 1).
However, each sub-watershed was extracted from the classified maps to facilitate a sub-watershed
scale analysis. The process involved initial and later images that determined the time-period for
change analysis. The availability and accessibility of SPOT satellite images of the study area dictated
the choice of image dates used in this study. Although we did not observe any direct negative impact
of image date (months) variation on the results of our analysis, we believe it is important to report this
possible limitation due to seasonal phenological changes between the two image dates.
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Table 1. List of SPOT images.

Sensor Date Spectral
Mode

No. of
Bands

Processing
Level

Spatial
Resolution (m) Source

SPOT 2 29 January 1992 XS 3 1A 20 SPOT image
corporation

SPOT 5 11 August 2014 J 4 2A 10 SPOT image
corporation

The study used the 1992 image (with a spatial resolution of 20 m) as the initial year image and the
2014 image (with a spatial resolution of 10 m) as the final year image. For uniformity when carrying
out the change analysis, the 2014 image was resampled from 10 m to 20 m using the nearest neighbor
resampling technique. The study adopted four categories of land cover types, providing a general
description of the landscape under study: impervious surfaces, farmlands/grasslands, forestlands,
and wetlands (Table 2). The purpose was to later extract urban areas, agricultural lands, and grasslands
from the classified maps in order to achieve the goal of this study. Because of the similarity in the
spectral signatures of both agricultural lands and grasslands, we experienced some problems related
to mixed classes; therefore, both classes were combined. Impervious surfaces were later used as
urbanized areas in the six sub-watersheds.

Table 2. Classification scheme adopted.

Land Cover Category Description

Impervious surfaces Residential areas, shopping centers, industrial and commercial facilities, highways and
major streets, and associated properties and parking lots

Forestland Areas of land with collection of trees
Agricultural land/grasslands Areas with grasses, brush, crops, and in general, non-forest vegetation

Wetlands Open water bodies and vegetated lowlands such as riparian areas

2.3. Methodology

Image Classification and Accuracy Assessment

The SPOT satellite images used in this study were classified into four broad categories using the
classification scheme in Table 2. The maximum likelihood (ML) classification approach, popularly used
for thematic mapping with satellite multispectral imagery [26,27], was used to achieve this. This study
used high-resolution images from Google Earth as reference images to conduct accuracy assessments
on the classified maps (Table 3). The use of high-resolution images from Google Earth as reference
maps when conducting accuracy assessment of classified images has been recommended as “good
practice” in the literature [28]. Accuracy assessment ensures the usefulness and effectiveness of the
classified maps [26]. Stratified random sampling, which typically satisfies most accuracy and area
estimation objectives [28], was employed. This ensures that all the classes are properly represented in
the sample. Using the stratified random sampling approach, we selected 250 reference points for each
of the images classified. The six images were combined for this purpose. Table 4 reports the percent
size of the land cover categories in each sub-watershed.

Table 3. Combined accuracy assessment of the classified maps.

Accuracy Assessment

Land Use/Cover Classes
1992 2014

Accuracy Assessment (%)

Producer’s User’s Producer’s User’s

Agricultural land/grassland 88.7 93.4 95.52 90.14
Forestland 94.8 87.3 87.27 85.71

Impervious surfaces 91.5 86.1 86.79 97.87
Wetland 92.1 90.3 62.50 100.00

Overall classification accuracy 90.1 90.8
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Table 4. Percent size of the land cover categories in the sub-watersheds.

Land Cover Classes

HIC EFLBR BC-MR BRO USC-MR HLBR

Area (%) Area (%) Area (%) Area (%) Area (%) Area (%)

1992 2014 1992 2014 1992 2014 1992 2014 1992 2014 1992 2014

Wetlands 0.70 0.31 7.06 7.94 4.45 4.86 1.11 0.49 0.15 1.26 0.65 1.26
Agricultural

land/grassland 77.82 55.13 60.04 47.95 65.47 38.34 79.88 50.45 81.52 67.63 85.44 67.63

Impervious surfaces 15.23 37.64 3.32 15.56 20.03 45.07 12.82 35.14 3.35 14.65 6.53 14.65
Forest 6.25 6.92 29.58 28.55 10.05 12.46 6.19 13.92 14.98 16.46 7.38 16.46
Total 100 100 100 100 100 100 100 100 100 100 100 100

HIC: Headwaters Indian Creek; EFLBR: East Fork Little Blue River; BC-MR: Buckeye Creek-Missouri River; BRO:
Blue River Outlet; USC-MR: Upper Shoal Creek-Missouri River; HLBR: Headwaters Little Blue River.

2.4. Analysis of Urban Expansion in Study Area (Six Sub-Watersheds)

Using the classified land use/land cover (LULC) maps, urbanized areas (represented by impervious
surfaces) were extracted from the images of each sub-watershed for the years 1992 and 2014.
Two measures of expansion were calculated from the results: rate of urban expansion and percent
change in urban growth. However, in order to calculate these measures, we first quantified the size of
urbanized areas in each of the sub-watersheds for each year (Table 5). The purpose was to detect change
in the size of the urbanized areas in order to calculate the rate of urban growth and the proportion of
loss in grassland/farmlands that was due to urbanization.

Table 5. Rate of urban expansion in the six sub-watersheds.

Sub-Watersheds Rate of Urban Expansion

Headwaters Indian Creek 5.7
East Fork Little Blue River 16.8

Buckeye Creek-Missouri River 6.8
Blue River Outlet 5.5

Upper Shoal Creek-Missouri River 14.4
Headwaters Little Blue River 7.9

2.4.1. Percent Change in Urban Expansion

The temporal change in urban expansion between 1992 and 2014 was computed using Equation (1)
modified after Fenta et al. [2]:

%∆UE =
A2 − A1

A1
× 100 (1)

where A is the area coverage of urbanized areas at a given time.

2.4.2. Rate of Urban Expansion

The rate at which land is used for urbanized purposes in each sub-watershed was computed
using Equation (2), modified after Xiao et al. [29] and Fenta et al. [4]:

RUE =
(BUA)i+n − (BUA)i

n × (BUA)i
× 100 (2)

where BUAi+n and BUAi represent urbanized area in hectares at time i + n and i, respectively, and n is
the interval of the calculating period (in years).

2.5. Dynamics of Agricultural Land/Grassland Loss in the Six Sub-Watersheds

We examined the dynamics of agricultural land/grassland loss in the six sub-watersheds in
order to determine and quantify the amount of loss to urban expansion. Two aspects of loss
were examined: percent change in agricultural land/grassland (mostly loss) and percentage of
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agricultural land/grassland loss that was a result of urban expansion. In order to calculate these,
a post-classification land use/land cover change analysis was conducted for each sub-watershed during
the study period. A post-classification change analysis, widely used for change detection analysis,
such as in Fenta et al. [2], reduces the possible effects of spectral resolution and sensor differences
between multi-spectral images [30]. The change detection was conducted using a matrix analysis.
The matrix analysis approach combines two thematic layers in which the output layer contains a
separate class for every combination of two input classes. Output classes are assigned according to the
coincidence of any two input classes [31]. The result here was a matrix showing all the classes that
gained from a particular land use/land cover class, and all the classes that lost to this land use/land
cover class. The proportion of agricultural land/grassland loss that was a result of urban expansion
was derived from the result of this matrix. Equation (3) was used to derive the percent change in
agricultural land/grassland and Equation (4) to calculate the proportion of agricultural land/grassland
loss that was a result of urban expansion:

%∆AG =
St2 − St1

St1
× 100 (3)

where S is the size of agricultural land/grassland in hectares at a given time;

P =
L
T
× 100 (4)

where P is the proportion of agricultural land/grassland loss that was a result of urban expansion
(reported in percentage), L is the size of agricultural land/grassland loss that was a result of urban
expansion in each sub-watershed (reported in ha), and T is the total size of agricultural land/grassland
loss in each sub-watershed (reported in ha).

3. Results

3.1. Accuracy Assessment

The LULC maps produced by classifying the SPOT satellite images for the six sub-watersheds
are shown in Figures 2–7. The accuracy assessment for each year is reported in Table 3. While the
producer’s and user’s accuracies of the classified maps are approximately within the range of 86% and
97% (except for wetlands in 2014), the overall classification accuracies for both years are above 90%,
which is consistent with what is considered acceptable in the literature [2,28], and the land cover maps
were therefore used for analysis in this study.Sustainability 2019, 11, x FOR PEER REVIEW 7 of 13 
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3.2. Change in LULC for the Six Sub-Watersheds

Table 4 reveals the percent size of LULC in each sub-watershed between 1992 and 2014.
Although the focus of this study is on urban expansion and the loss of agricultural land/grasslands,
changes in the other LULC categories are discussed briefly in Section 4. However, as shown in Table 4,
agricultural land/grasslands had the highest percent size in all six sub-watersheds, except in the Blue
Creek-Missouri River sub-watershed, which had urbanized areas (denoted by impervious surfaces)
with the highest percent size. Agricultural lands reduced considerably from about 80% to 50.45% in
the Blue River Outlet sub-watershed between 1992 and 2014. This sub-watershed had the highest loss
in agricultural land/grassland between 1992 and 2014. Figures 2–7 are a pictorial representation of the
land cover types and how they changed throughout the study period.

3.3. Urban Expansion and Loss of Agricultural Land/Grassland in the Six Sub-Watersheds

Urbanization took place at an alarming rate between 1992 and 2014 in the six sub-watersheds.
Tables 5 and 6 show the rate of urban expansion and the percent increase in urbanized areas in all six
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sub-watersheds, respectively. In the Headwaters Indian Creek, for instance, urbanized areas increased
from 1710.96 ha to 3868.80 ha, which is a 126% growth within a 22-year period.

With a 16.8 growth rate, the East Fork Little Blue River sub-watershed experienced the highest
growth rate, followed by the Upper Shoal Creek-Missouri River, with a growth rate of 14.4. The Blue
River Outlet sub-watershed experienced the lowest growth rate (5.5), followed by the Headwaters
Indian Creek and Buckeye Creek-Missouri River sub-watersheds. Despite this, the proportion of loss
in agricultural lands and grasslands that was a result of urban expansion was highest in the Buckeye
Creek-Missouri River, followed by the Headwaters Indian Creek sub-watersheds.

Table 6 shows the result of the change analysis for urbanized areas and agricultural land/grassland
between 1992 and 2014. The table reveals that East Fork Little Blue River sub-watershed experienced
the most growth, followed by Upper Shoal Creek-Missouri River. However, in terms of agricultural
land/grassland loss, the Headwaters Indian Creek experienced the highest loss, with about 97% of this
loss due to urban expansion, as shown in Table 7. Most of the loss in agricultural land/grassland in the
Buckeye Creek-Missouri River sub-watershed was due to urban expansion (Table 7).

Table 6. Change in the urbanized areas and agricultural land/grassland in the six sub-watersheds.

Sub-Watersheds

Area in Hectares

Urbanized Areas Agricultural Land/Grassland

1992 (ha) 2014 (ha) % Change 1992 (ha) 2014 (ha) % Change

Headwaters Indian Creek 1710.96 3868.80 126 5590.92 3291.12 −41
East Fork Little Blue River 342.32 1604.88 369 6184.68 4946.88 −20

Buckeye Creek-Missouri River 1501.16 3731.44 149 7671.48 5465.32 −29
Blue River Outlet 510.44 1147.24 125 6677.32 5293.92 −21

Upper Shoal Creek-Missouri River 219.44 915.4 317 5344.36 4166.68 −22
Headwaters Little Blue River 920.92 2528.64 175 5735.72 3629.44 −37

Table 7. Proportion of loss in agricultural land/grassland due to urban expansion.

Sub-Watershed
Total Loss

(ha)

Loss Due to Urban Expansion

(ha) (%)

Headwaters Indian Creek 2299.8 2225.72 96.77
East Fork Little Blue River 1237.8 1140.00 92.09

Buckeye Creek-Missouri River 2206.16 2193.52 99.43
Blue River Outlet 1383.40 810.56 58.59

Upper Shoal Creek-Missouri River 1177.68 722.48 61.35
Headwaters Little Blue River 2106.28 1763.12 83.71

4. Discussion

As shown in the results, agricultural lands and grasslands reduced considerably in all six
sub-watersheds. This result is consistent with what others have reported in the literature when
classifying the LULC of many urban centers and their immediate vicinity [2,25,32,33]. This consistent
result suggests that this a common phenomenon around the world. However, by investigating this
loss in the specific six sub-watersheds, specific mitigation strategies can be adopted and implemented
in each area. The dynamics of change in wetland were balanced between losses and gains in the six
sub-watersheds. For instance, while wetlands decreased from 0.71% to 0.3% in the Headwaters Indian
Creek sub-watershed, they increased in the East Fork Little Blue River and Blue Creek-Missouri River
sub-watersheds. This pattern of loss and increase can be observed in the other three sub-watersheds as
well. Urbanized areas increased in all six sub-watersheds, which is normal considering results from
similar studies in the study area and elsewhere [2,32–35].

Forestland cover increased in all six sub-watersheds except for the East Fork Little Blue River
sub-watershed, in which it decreased from 29.58% to 28.55%. This pattern is consistent with the work
of Ji et al. [32], whose findings from investigating urban wetlands dynamics in the area indicated that
forestland increased from 13.49% in 1992 to 23.56% in 2008. Ji et al. [20] suggested that the increase in
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forestland across the area at large could be the result of tree planting as part of suburban development.
Recent studies also showed that forest cover generally increased in both the states of Missouri and
Kansas [36,37], which is the general trend in the U.S. since the 1990s [38].

The East Fork Little Blue River sub-watershed experienced the highest growth in urbanized areas
between 1992 and 2014. A previous study by Mid America Regional Council (MARC) [24] showed
that the population increased in the area, with an estimated growth rate of about 11.3% between 2000
and 2010. This growth encouraged the continued expansion of urbanized areas in the study location.
The rate of expansion is similar to the pattern of growth in the sub-watersheds. For instance, East Fork
Little Blue River had the highest rate of expansion followed by Upper Shoal Creek-Missouri River.
Urban expansion in all the sub-watersheds took place at the expense of the other LULC types. Many
types of LULC, particularly agricultural land/grassland, were converted for urban uses. In a report
for the U.S. Environmental Protection Agency, Region 7, Rouse [39] showed that although the East
Fork Little Blue River sub-watershed’s land use was predominantly farming in the past, within the last
20 years, urban growth from the Kansas City metropolitan area has spread into eastern Jackson County,
prompting significant commercial and residential development. Today, the cities of Lee’s Summit and
Blue Springs account for most of the growth within the East Fork Little Blue River sub-watershed [39].

Our study also showed that agricultural land/grassland decreased in the East Fork Little Blue
River by 20%, with 92.02% of this loss being due to urban expansion. In the Headwaters Indian Creek
sub-watershed, 2299.8 ha of grassland/agricultural land were lost between 1992 and 2014. Of this
loss, 96.77% was due to urban expansion. Similar results were found in the other sub-watersheds.
This study thus revealed the alarming impact of urban expansion on the loss of agricultural lands and
grasslands in the six sub-watersheds.

5. Conclusions

The impact of urban expansion on agricultural land/grassland in six sub-watersheds was
investigated between 1992 and 2014. In order to achieve this, the types of LULC of the study
area were produced by classifying SPOT satellite images of the sub-watersheds. The supervised
maximum likelihood classification approach, popularly used for thematic mapping, was used for
classifying the SPOT images. The maps produced from this classification process were used to
investigate the loss of prairies and agricultural lands to urban expansion in six sub-watersheds in
the Kansas City metropolitan area of the States of Kansas and Missouri in the U.S. Based on the
classified maps, we calculated the magnitude and rate of urban expansion, and the proportion of
loss in prairies and agricultural lands that was a result of urban expansion. Over the 22-year study
period, urbanized areas increased at an accelerated rate. The East Fork Little Blue River and the Upper
Shoal Creek Missouri River experienced the highest growth rates, with 16.8 and 14.4, respectively.
Agricultural land/grassland decreased in all six sub-watersheds, while wetlands and forestlands had
different patterns of gains and losses. However, beyond just revealing the dynamics of change in the
six sub-watersheds, this study revealed that a greater proportion of the loss experienced in agricultural
land/grassland was due to urbanization, which is similar to what others have reported elsewhere.
For instance, three of the six sub-watersheds (Headwaters Indian Creek, East Fork Little Blue River,
and Buckeye Creek-Missouri River) had proportions of loss to agricultural land/grassland higher than
90%, which is very high by all standards. While this may not be viewed negatively from an economic
standpoint, ecologically speaking, it is negative [26]. The question then arises, should urbanization be
halted or reduced in sub-watersheds to minimize the loss to agricultural lands/grasslands? While this
is not a realistic goal, city planners can focus on planning urban expansion to minimize sprawl,
which has been previously documented [20]. Sprawl creates many patches, which is not good for
biodiversity because it fragments the landscape. Compact development with infills rather than leapfrog
development should be encouraged. This study revealed that a rapid assessment of the magnitude
of agricultural lands/grasslands that have been converted for urban uses over a period of time is
achievable. Satellite images thus provide a quick and effective way of monitoring the impact of urban
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expansion on the natural environment. Results from this study can serve as baseline information for
policy makers and planners at the local level of administration in ensuring that urban expansion in
each of the sub-watershed studied is smart and sustainable. Future work will examine the implications
of the loss in prairies and farmlands on food cost and biodiversity in the study area.
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