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Abstract:  In Arizona, the pressure of population growth and development has resulted 

in the need to address population change in the planning process. To facilitate better 

watershed management and land use decisions on a watershed scale throughout 

Arizona, both the Arizona Department of Environmental Quality (ADEQ) and the Natural 

Resource Conservation Service (NRCS) are funding the University of Arizona to publish 

watershed-based plans that characterize the watersheds in a series of GIS maps, in 

addition to providing an analysis of past and future population change.  To evaluate past 

growth patterns, census block statistics for 1990 and 2000 were compiled and then 

linked with census block data and used to create a series of density change maps. The 

resulting maps depict past population increase or decrease over the ten year time frame 

for several rural and urban watersheds.  Projected population change is then presented 

for the same watershed areas by mapping published nation-wide housing density based 

on the work of David M. Theobald.  Theobald developed a nationwide housing density 

model that incorporates a thorough way to account for land-use change. Theobald’s 

model, the Spatially Explicit Regional Growth Model, enabled these urban fringe 

changes to be quantified as a foundation for inference of possible ecological effects.  

Housing Density for 2000, based on the 2000 census data, identifies “rural” housing 

densities, “urban”, as well as “undeveloped” and “exurban” regions of the State.  

_____________________________________     
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Predictions are then made every ten years until 2050.  For example, “undeveloped” and 

“rural” farming areas east of Phoenix in 2000 become “exurban” and “suburban” in 

2030. This presentation will discuss the methodology used to present the data, and will 

provide maps of past population change and predicted future urban development across 

the Agua Fria, San Pedro, Santa Cruz, Middle Gila, Salt, and Little Colorado 

Watersheds.   

 

Agua Fria River Watershed Example:  The Agua Fria River Watershed is located in 

the central portion of the state of Arizona, southeast of the city of Prescott, and north of 

Phoenix.  The watershed can be defined as the area drained by the Agua Fria River to 

the confluence with the Gila River west of the Phoenix metropolitan area near Avondale.  

The watershed comprises 1.79 million acres (2,785 square miles), and is located 51% in 

Yavapai County and 49% in Maricopa County.  Thirty-eight percent of the land is 

managed by BLM, 30% is State Trust Land, 16% is private land, 9% is managed by the 

Forest Service, 5% is USFS & BLM wilderness areas, and 3% is state park land.   

 

The watershed includes the Cities of Avondale, Carefree, Cave Creek Glendale, Peoria, 

and Prescott Valley.  The area is mostly rangeland with a mixture of cropland and urban 

development.   

 

Urban Areas:  
 
The U.S. Census Bureau categorizes various types of population centers based on 

population figures and density.  Densely settled territory that contains 50,000 or more 

people is defined as an urban area (www.census.gov/geo/www/geo_defn.html).  Based 

on that definition and Census Bureau data, there are four major urban areas that lie 

partially within the Agua Fria Watershed: Glendale, Peoria, Phoenix and Scottsdale 

(Figure 1).  Each of these urban areas lies partially within the Agua Fria Watershed.  

Phoenix has the largest area with 154,313.66 acres (241 square miles), most of which 

lies within the Cave Creek-Arizona Canal Diversion Channel subwatershed.   

 

 



Depicting Population Change for Watershed Planning                                                                           3 
Uhlman, Guertin, Levick, Kennedy 

 
Figure 1: Agua Fria Watershed Urbanized Areas (Census Bureau Classification). 
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Figure 2: Agua Fria Watershed Urban Areas based on 2000 Population Density Greater than 
1,000 persons/square mile. 
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A population density map was created 

using 2000 census block population 

data.  Areas with a population density 

greater than 1,000 persons per square 

mile were determined (Figure 2).  This 

classification yielded seven urban areas 

(Table 1): Avondale, Glendale, Litchfield 

Park, Phoenix, Scottsdale, Tolleson and 

Youngtown.  Glendale had the greatest 

density with 3,943 persons per square 

mile. 

 

Table 1: Agua Fria Watershed Urban Areas  
Based on 2000 Population Density  
(1,000 persons/square mile). 
 

Urban Areas 
Population 

2000 

Area 
(square 
miles) 

Urban 
Area 

Density 
persons / 

sq. mi. 

Avondale 35,883 26 1,355 

Glendale 218,812 55 3,943 

Litchfield Park  3,810 3 1,219 

Phoenix 1,321,045 462 2,857 

Scottsdale 202,705 184 1,102 

Tolleson 4,974 5 1,074 

Youngtown 3,010 1 2,571 
Total Urban 
Areas (acre) 1,790,239 737 2,428 
population data obtained from 2000 census 
data, size of city from www.city-data.com 
 

Census Population Densities in 1990:  Census block statistics for 1990 were compiled 

from a CD prepared by Geo-Lytics (Geo-Lytics, 1998).  These data were linked with 

census block data and used to create a density map (Figure 3), through a normalization 

process using a grid of 7 km squares.  This process involves calculating density per 

census block and intersecting it with the grid, which is then used to calculate the 

number of people and thus density per grid square.   

 
In 1990, the mean population density for the entire watershed was 304.86 persons per 

square mile.  The Agua Fria below Lake Pleasant subwatershed had the highest 

population density with an average of 901.14 persons per square mile, and a maximum 

of 7178.86.  The Ash Creek and Sycamore Creek subwatershed had an average of only 

1.71 persons per square mile.   

 

Census Population Densities in 2000: A population density map (Figure 4) was 

created from Census Block 2000 statistics data downloaded from the Environmental 

Systems Research Institute (ESRI) website (ESRI Data Products, 2003). The average 

population density in 2000 was 436.75 persons per acre.  The Cave Creek – Arizona 

Canal Diversion Channel and the Agua Fria River below Lake Pleasant subwatersheds  
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�

 
Figure 3: Agua Fria Watershed 1990 Population Density, persons/square mile. 
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had nearly the same population density 

with 1,123.38 and 1,235.97 average 

persons per acre, respectively.  The 

Agua Fria River below Lake Pleasant 

subwatershed had the highest density of 

9,208.12 persons per square mile. 

 
Population Change:   The 1990 and 

2000 population density maps were 

used to create a population density 

change map.  The resulting map (Figure 

5) shows population increase or 

decrease over the ten year time frame.  

Overall, population density increased by 

an average of 131.89 persons per 

square mile during this ten year time 

period.  Three subwatersheds had 

similar, large increases in average 

population: Agua Fria River below Lake 

Pleasant, New River, and Cave Creek – 

Arizona Canal Diversion Channel.  

Table 2 shows the change in population 

density from 1990 to 2000 in persons 

per square mile.  The Ash Creek and 

Sycamore Creek subwatershed 

experienced a decrease of an average 

0.22 persons per square mile. 

�
 
 
Table 4-7: Agua Fria Watershed Population  
Density Change 1990-2000  
(persons/square mile). 
�
Subwatershed 
Name 

Area 
(sq. mi.) Min Max Mean 

Ash Creek and 
Sycamore Creek 
- H1507010201 260.55 0 -38.07 -0.22 
Big Bug Creek-
Agua Fria River 
- H1507010202 324.14 0 1,399.05 47.69 
Black Canyon 
Creek - 
H1507010203 244.07 0 358.51 9.72 
Bishop Creek - 
H1507010204 236.45 0 358.51 6.44 
Agua Fria River-
Lake Pleasant - 
H1507010205 371.81 0 211.73 3.07 
Cave Creek-
Arizona Canal 
Diversion 
Channel - 
H1507010206 288.47 0 2,468.24 283.93 
Trilby Wash-
Trilby Wash 
Basin - 
H1507010207 242.18 0 882.31 15.89 
New River - 
H1507010208 353.18 0 2,468.24 305.65 
Agua Fria River 
below Lake 
Pleasant - 
H1507010209 464.31 0 2,180.42 334.69 
Total Agua Fria 
Watershed 2,785.16 0 2,468.24 131.89 
Note: Adjacent watersheds may share a grid 
square. 
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�
Figure 4: Agua Fria Watershed Population Density 2000, persons/square mile. 
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Figure 5: Agua Fria Watershed Population Density Change 1990 -2000 (persons/square mile). 
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Housing Density, 2000 and 2030:   The Watershed Housing Density Map for 

the years 2000 and 2030 were created with data developed by David M. 

Theobald (Theobald, 2005).  Theobald developed a nationwide housing density 

model that incorporates a thorough way to account for land-use change beyond 

the “urban fringe.”  Exurban regions are the “urban fringe”, or areas outside 

suburban areas, having population densities greater than 0.68 – 16.18 ha (1.68 – 

40 acres) per unit.  Theobald stresses that exurban areas are increasing at a 

much faster rate than urban sprawl, are consuming much more land, and are 

having a greater impact on ecological health, habitat fragmentation and other 

resource concerns.   

 

Theobald estimates that the exurban density class has increased at a much 

faster rate than the urban/suburban density classes.  Theobald’s model forecasts 

that this trend will continue and may even accelerate by 2030.  This indicates that 

development patterns are shifting more towards exurban, lower density, housing 

units, and are thereby consuming more land.  He suggests that exurban 

development has more overall effect on natural resources because of the larger 

footprint and disturbance zone, a higher percent of impervious surfaces.  

 

Figure 6 and Table 3, Agua Fria River Watershed Housing Density for 2000, 

identifies mostly “rural” housing densities (>40 acres per unit) for the Cave 

Creek/Carefree area.  Figure 7 and Table 4, Agua Fria River Watershed Housing 

Density for 2030, projects much higher housing “urban” densities (<0.6 acres per 

unit) for the same area.  Similarly, “undeveloped” and “rural” farming areas west 

of Phoenix in 2000 become “exurban” and “suburban” in 2030. 
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Table 3: Agua Fria River Watershed Housing Density 2000 (Percent of Watershed)  
(Part 1 of 2) 

Housing 
Density  

 

Big Bug 
Creek-Agua 
Fria River 

1507010202 

Ash Creek 
and 

Sycamore 
Creek 

1507010201 

Bishop 
Creek 

1507010204 
New River 

1507010208 

Cave 
Creek-
Arizona 
Canal 

Diversion 
Channel  

1507010206 
Undeveloped 
Private 

4.80% 
 

1.00% 
 

1.82% 
 

7.40% 
 

7.10% 
 

Rural 
6.01% 

 
2.80% 

 
0.14% 

 
4.21% 

 
4.19% 

 

Exurban 
5.17% 

 
0.86% 

 
0.95% 

 
11.61% 

 
21.47% 

 

Suburban 
0.34% 

 
- 0.27% 

 
4.14% 

 
7.13% 

 

Urban 
0.15% 

 
- 0.03% 

 
7.49% 

 
10.86% 

 
 
Table 3: Agua Fria River Watershed Housing Density 2000 (Percent of Watershed)  
(Part 2 of 2) 
 

Housing 
Density  

 

Agua Fria 
River below 

Lake 
Pleasant 

1507010209 

Trilby Wash-
Trilby Wash 

Basin  
1507010207 

Agua Fria 
River-Lake 
Pleasant  

1507010205 

Black 
Canyon 
Creek  

1507010203 

Agua Fria 
River 

Watershed 

Agua Fria 
River  

Watershed 
(sq. miles) 

Undeveloped 
Private 

23.44% 
 

20.86% 
 

12.66% 
 

0.78% 
 

33.90% 
 

277 
 

Rural 
14.54% 

 
12.74% 

 
7.50% 

 
1.25% 

 
22.41% 

 
183 

 

Exurban 
9.30% 

 
5.13% 

 
0.11% 

 
1.81% 

 
22.64% 

 
185 

 

Suburban 
4.49% 

 
0.25% 

 
0.05% 

 
0.13% 

 
7.22% 

 
59 
 

Urban 
11.70% 

 
0.08% 

 
0.04% 

 
<0.01% 

 
13.83% 

 
113 

 
Source: Theobald, D. 2005. Landscape patterns of exurban growth in the USA from 1980 to 
2020. Ecology and Society 10(1): 32. [online] URL: http://www.ecology and 
society.org/vol10/iss1/art32/ 
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Table 4: Agua Fria River Watershed Housing Density Projections 2030 (Percent of 
Watershed) (Part 1 of 2) 

Table 4: Agua Fria River Watershed Housing Density Projections 2030 (Percent of 
Watershed) (Part 2 of 2) 

 
Source: Theobald, D. 2005. Landscape patterns of exurban growth in the USA from 1980 to 
2020. Ecology and Society 10(1): 32. [online] URL: http://www.ecology and 
society.org/vol10/iss1/art32/ 
 
 
 
 
 
 
 
 
 
 
 
 

Housing 
Density  

 

Agua Fria 
River below 

Lake Pleasant 
1507010209 

Trilby Wash-
Trilby Wash 

Basin  
1507010207 

Agua Fria 
River-Lake 
Pleasant  

1507010205 

Black Canyon 
Creek  

1507010203 

Agua Fria 
River 

Watershed 

Agua Fria 
River 

Watershed 
(sq. miles) 

Undeveloped 
Private 

4.94% 
 

5.11% 
 

2.03% 
 

0.39% 
 

6.98% 
 

57 
 

 
Rural 

1.73% 
 

3.36% 
 

17.04% 
 

0.57% 
 

13.10% 
 

107 
 

 
Exurban 

27.32% 
 

29.02% 
 

1.12% 
 

2.56% 
 

39.16% 
 

320 
 

 
Suburban 

5.29% 
 

1.30% 
 

0.06% 
 

0.29% 
 

9.30% 
 

76 
 

 
Urban 

24.20% 
 

0.27% 
 

0.10% 
 

0.17% 
 

31.46% 
 

257 
 

Housing 
Density  

 

Big Bug 
Creek-Agua 
Fria River 

1507010202 

Ash Creek 
and 

Sycamore 
Creek 

1507010201 
Bishop Creek 
1507010204 

New River 
1507010208 

Cave Creek-
Arizona Canal 

Diversion 
Channel  

1507010206 
Undeveloped 
Private 

0.85% 
 

0.28% 
 

0.33% 
 

1.52% 
 

1.36% 
 

 
Rural 

2.72% 
 

1.73% 
 

1.38% 
 

1.78% 
 

1.27% 
 

 
Exurban 

10.80% 
 

2.65% 
 

0.43% 
 

8.70% 
 

13.38% 
 

Suburban 

 
1.00% 

 

0.01% 
 

0.27% 
 

6.04% 
 

7.72% 
 

 
Urban 

1.10% 
 

- 0.79% 
 

16.81% 
 

27.02% 
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Figure 6: Agua Fria River Watershed Housing Density 2000 From: Agua Fria River 
Watershed – Arizona. Rapid Watershed Assessment, June 2007.  Prepared by NRCS – 
Arizona and the University of Arizona Water Resources Research Center.   
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Figure 7: Agua Fria River Watershed Housing Density 2030 From: Agua Fria River 
Watershed – Arizona. Rapid Watershed Assessment, June 2007.  Prepared by NRCS – 
Arizona and the University of Arizona Water Resources Research Center.   
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