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Abstract

Las Vegas in the last decade has experienced rapid development, presenting the government with
the challenging task of estimating population growth. Studies in the past estimated growth based
on historical census data. The constraints with such a model are its inability to spatially determine
the number and specific locations of the dwelling units, and the time line related to the expected
growth. This study proposes growth estimation based on parcel modeling. This approach has the
advantage of modeling the actual location of growth factoring in the dynamic nature of the land
use as opposed to simply predicting the population growth

Introduction

In the last decade Las Vegas and its surrounding suburbs have experienced unparallel growth
making it increasingly difficult for city governments to meet the growing infrastructure demands.
One modeling approach toward population growth estimates and infrastructure demands is based
on census data. However, such models are unable to spatially determine the number of dwelling
units, their specific locations and the time line related to the expected population growth. An
alternate approach that this study focuses on is parcel based modeling. Most land use planning in
the United States is done using parcel data, and unlike modeling with census data, parcel
modeling has the advantage of modeling actual location of the expected growth as opposed to just
predicting the population growth.

The objective of this study is to predict population growth in Clark County using a parcel based
model to determine the number of units that can be developed in a parcel based on the maximum
density per acre and population density within a parcel based on the people per household data. In
addition, results will be obtained for future population growth in Clark County using forecasting
methods.

There are two phases to this study. The first phase focuses on development of a regression
forecasting model to predict the population growth, while the second phase discusses
development of an application, designed to spatially calculate the population density for a specific
parcel selected by the user. This application has been designed for Spring Valley land use plan,
one of the sub –divisions within Clark County. The application will derive population density
within a parcel based on expected land use for vacant land from Spring Valley master plan.
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Figure 1. Residential parcel layer for Clark County during population year (a) 1952, (b) 1985 and
(c) 2002.

Spatial Data Development

Spatial data used in this study includes residential parcel layer for Clark County obtained from
Comprehensive Planning Department at Clark County. This coverage displays the occupied
land/residential units in all Clark County as illustrated in Figure 1. Clark County is divided into
12 sub-areas for planning purposes, with each area having its’ own Land Use Guide. Population
growth patterns observed in Figure 1, between 1952 and 2002, were utilized to develop the
population time series model. Population data was derived from the residential parcel layer by
determining the number of units constructed and population per household for every year from
1952 to 2002.

Regression Model

The model presented in this research is a third order polynomial regression fit, which will be used
to forecast population growth based on time series data. Response variable x was
transformed into a third order polynomial function as,

Y = b0+ b1x+b2x
2+b3x

3  (1)

Where rate of change in the curve is represented by the square of the response variable x,
the rate of reversal of curvature is described by the cube of the response variable x, b2  is
coefficient of rate of curve change, b3 is coefficient of rate of reversal of curvature, and the
Y-axis intercept is denoted by b0.



Running the model fit resulted in the following estimated equation

y = 6.4661x3 - 138.24x2 + 6710.2x – 23259,  (2)

which predicts population growth. Details of the regression analysis are listed in Table 1. All
parameters, in Table 1, were proven to be significantly different from 0 at 95% confidence
interval (p <0.005).

Table 1. Summary of model results.

Variable Parameter
Estimate

Standard
Error

T  value Pr > t

Intercept 23259.143 9976.115 -2.3314 0.0232
Population 6710.188 1382.182 4.8547 9.7581
Population * population -138.237 51.575 -2.680 0.0096
Population*population*population 6.4661 0.5470 11.819 5.791

Figure

Figure 2. Comparison of measured population growth with the model (Equation 2).



Results and Discussion

The predicted population growth model, with an r2 value of 99.7%, shows a good fit with
measured data. All of the modeled explanatory variables were found to be significant at the 0.05
levels, proving that the population is increasing at an increasing rate up to the year marked 60 in
Figure 2. After the year marked 60 there appears to be a slight reversal of the curve indicating a
continued increase in population, but at a decreasing rate.  F-test proved the global usefulness of
the model concluding that at least one of the model coefficients b1, b2 and b3 is non-zero.
Therefore, this global F–test suggests that the polynomial model is useful for predicting the
population growth.

Potential Modeling Errors

In order to take advantage of the Ordinary Least Square (OLS) estimates and test for
autocorrelation the polynomial model was transformed as

Y  = Bo + B1 + W* + N*

Where W*= x2 and N* = x3.

One of the reasons for transforming the polynomial  (Equation 2) was to check for the occurrence
of autocorrelation. When using time –series data in a regression analysis, one must always check
to make sure that all the assumptions of the classical linear regression model are satisfied. One of
the assumptions is that error terms of the OLS equation estimate must be independently
distributed of each other, a visual residual analysis along with the Durbin-Watson test revealed a
presence of first order autocorrelation. Autocorrelation will result in unbiased coefficient
estimates but not the most efficient ones, in other words the coefficient estimates will still, on
average, be equal to the true parameter, but will not be efficient. For a meaningful model
autocorrelation should be corrected for, and errors related to forecasting need to be addressed.
Since this is an ongoing project these issues will be addressed in a following paper

Second Phase-Application Development

The second phase of this project includes development of an application used to
determine housing development and population density for a user selected parcel, Figure
3. The application was designed as a prototype for the town of Spring Valley using the
Spring Valley master plan that provides for general development patterns in Spring
Valley Sub division
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Figure 3. Residential parcel layer for Clark County displaying Spring Valley sub-division (a).
Application to calculate population density for Spring Valley sub- division (b)

Application Functionality

This application facilitates the use of different development scenarios, allowing the user
to choose from different land use types such as single family, major development project,
multi-family, etc., to determine total development and population density for a specific
parcel based on the maximum density/ acre allowed for that land use type. In addition,
the regression model was incorporated into the application to give user the option to
forecast population for future years within the county.

Summary and Conclusion

Given the satisfactory diagnostic tests the polynomial model provides a good fit to the
population data. As always understanding the phenomenon being modeled helps in the
interpretation of the results of the study. In this study as well, to understand how the
curvilinear relationship best fits the data one has to understand the rapid growth in Clark
County.  Las Vegas in the early 80’s experienced a sudden influx of people and ever
since the population has been growing at an alarming rate. Population grew by almost



150% since 1985. Although Clark County has seen a rapid growth in the last fifteen years
the rate of construction has been declining, i.e., it is increasing but at a diminishing rate.
This can be observed from the slight flatness of the curve in the year 2002 represented as
60 on the x- axis as seen in Figure 2.

Areas of Further Research

The next phase of this research will deal with refining the regression model to eliminate
the auto regression and other forecasting errors. Future work will also delve into
designing various tools for the application that will aid in developing different
infrastructure projects using the population density data from the existing model.
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