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Introduction

As Canada grows increasingly urbanized, municipal governments are under pressu
deal with the costs associated with urban growth, such as increased demands

municipal infrastructure. Many cities attempt to deal with urban growth costs by requir
developers to pay development cost charges. However, critics argue that this can h
negative impact upon citizens, as developers must then pass these costs alol
consumers in the form of increased housing costs. The end result of such a “solution’

reduction in the availability of affordable housing.

The Impact of Urban Growth on Affordable Housing: An Economic Anagsasnines

two central research questions: (1) What is the relationship between urban growth
affordable housing?and (2) In light of the need for affordable housing, how ar
development costs best allocated? The first section of this report, “Urban Growth
Affordability,” is an empirical study of the relationship between growth and affordabilit
based on census data for approximately 300 cities. The second section of this re
“Paying for Urban Growth,” presents a theoretical model to assess the relationg
between the allocation of growth costs and affordable housing. Three alternative met
of paying for municipal government expenditures on infrastructure are investigat
development cost charges (pass all such expenditures on to real estate developers),
tax loading (use municipal taxes to spread infrastructure expenditures across all resi
of the urban area), and differential tax loading (use municipal taxes to spread th

expenditures across residents of the new suburbs).
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The Canada West
Foundation’s Western
Cities Project was
initiated to increase
understanding of, and
stimulate debate about,
key issues facing western
Canada’s largest metro
areas. For more
information about the
Western Cities Project,
please visit our web site

at www.cwf.ca.
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Urban Growth and Affordability

It is commonly argued that increases in the urban population growth rate are assoc
with increases in average house prices. According to this argument, therefore, high rat
growth will decrease the affordability of housing. A counter-argument, however, is t

high rates of population growth are also associated with relatively high incomes. T}
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although house prices are expected to be relatively high in quickly growing cities, incomes

may be commensurately high. It is possible, therefore, that housing affordability mi
not be affected by urban growth. The purpose of this section is to subject these hypot
to empirical analysis. In particular, we provide statistical evidence concerning the effeqg
urban population growth on house prices, income, and a measure of housing affordab

A more detailed presentation of the statistical analysis is presented in Appendix A.

Data

To assess the relationship between urban growth and affordable housing, statis
analysis was conducted on Census Canada data (1986, 1991 and 1996) for 317 ¢
subdivisions in Canada with populations greater than 10'0@Data analyzed include
aggregate data concerning population, average house prices, owned dwellings, r¢
dwellings, household income, households with payments on shelter greater than 30
household income, and households with rent greater than 30% of household income.
Royal LePage House Price Survey average house prices data were used to verif

results from the census data.

' Census subdivision is a general term applied to municipalities or their equivalent.
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House Prices
The first issue is to determine the impact that urban growth has on average house p
To that end, we estimate an equation of the form:

House prices B, Population 3, Income +3, Year2 +3; Year3 +f3; City; (1)?
The estimated coefficients (th values) provide information about the effect that 8
percent change in any of the variables on the right-hand side of the equation will hav

house priced. Simply, equation (1) attempts to answer the question, what happens

house prices when there is a change in population or median income?

The results of the statistical estimation of equation (1) were:

House prices = 1.164 + 0.1684 Population + 1.016 Income + 0.1439 Year2
+ 0.2127 Year3 B; City; (2)

Our model suggests that, all else being equal, a 10% increase in population is asso
with a 1.7% increase in average house prices. This implies that for a city such as Cal
where the population has been projected to grow by 22% (from 768,000 to 938,(
between 1996 and 2004, house prices on average are predicted to rise by 3.7% - frd
average of $162,000 in 1996 to $168,000 in 2004 (holding all other factors, such
inflation and family income, constant). Furthermore, our results suggest that a 1% incr

in median income is associated with a 1% increase in house prices.

The variables for 1991 (year2) and 1996 (year3) were included to account for any im

rices.

A 10% increase in

population is associated

with a 1.7% increase in
b caverage house prices.

tc

CiaHouse prices were, on

Dalaverage across Canada,

0C15.59 higher in 1991 than in

M 1986 and 23.7% higher in
81996 than in 1986. In 1996,

Pal .

house prices were found to

be 7.1% higher than in 1991.

pa

on house prices directly attributable to the year. The year2 and year3 dummy varigble

show that house prices were, on average across Canada, 15.5% higher in 1991 th
1986 and 23.7% higher in 1996 than in 198& 1996, house prices were found to be

* House prices, population, and (median household) income were all measured in logarithmic
form. “Year 2” refers to 1991, “Year 3” to 1996, and “City” to the individual cities in the
sample.

> The terms value of dwelling, average house price, and house price will be used
interchangeably.

* These results are found by subtracting 1 from the antilog of the estimated coefficient in each
case.
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7.1% higher than in 1991. These increases are based on average prices converted to 2000

constant dollars. Thus, inflation has been accounted for.

We also estimated equation (1) using the Royal LePage data set for average house {

Using these data reduced the number of cities for which information was available tqg

and the number of years to two (1986 and 1996). These changes may explain the sm

differences in the estimated coefficients between the two data sets.

House prices = 2.6019 + 0.2751 Population + 0.5807 Income + 0.118 YBa@3ty; (3)

A 1% increase in population is associated with a 0.275% increase in average house

according to the Royal LePage data. The corresponding figure using census datg

0.168%. Similarly, the Royal LePage data find that a 1% increase in household income

associated with a 0.581% increase in house prices while the census data found H
prices increased by 1% when household income increased by 1%. Interestingly, thg

changing data sets did not cause unexplainable changes in the results.

Income

We establish the relationship between population and income by estimating the follow

equation:

Median Income $, Population 43, Year2 +3, Year3 +f3; City;  (4)

A positive relationship is established between population growth and real househ

median income. The results are shown in equation (5).

Median Income = 9.186 + 0.1854 Population + 0.0295 Year2
—0.0516 Year3 $,; City, (5)

The model finds that a 10% increase in population is associated with a 1.9% increa
household median income. For example, as the population of Calgary is expected td
by 22% between 1996 and 2004, this equation predicts that household median incomg
increase by 4.2%, from $49,439 in 1996 to $51,505 in 2004 (holding all other fact

constant).
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A 10% increase in
population is associated
with a 1.9% increase in
household median

income.
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Housing Affordability

Finally, we wished to conduct a direct test of the impact of population growth on hous
affordability. We employed the common assumption that a family that spent more t
30% of its income on shelter was experiencing difficulty “affording” housing. Thus, o
measure of lack of affordability was the percentage of families in the city that spent
than 30% of their income on shelter. We estimated two equations, one for homeow
and one for renters. In both equations, the left hand (dependent) variable was perce
of families spending more than 30% of family income on shelter (either ownership
rental). The primary right hand (explanatory) variables were population and med

income.

First, we found that an increase in population of 10,000 was associated with a 0.2
increase in the proportion of homeowners with payments on shelter greater than 30
household income. For example, in Calgary, our equation predicts that this propor
will increase from 16.7% in 1996 to 21.6% by 2004, (due to a projected 22% increas
population). We also found that a $1,000 increase in household median income
associated with a 0.0966% decrease in the proportion of homeowners with paym
greater than 30% of household income. In other words, if household median incq
increased by $10,000, the proportion of households with payments greater than 30

household income would be expected to fall by approximately 1% (i.e., 0.966%).

Note that these results imply that population growth affects affordability in two way
First, there is thalirect (negative) effect of growth on affordability that occurs becaus
housing prices rise. Second, because population growth is associated with incre
incomes, and because increased incomes are associated with increased affordal

population growth also has dandirect (positive) effect on affordability. Our results
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suggest, however, that the indirect effect is very weak relative to the direct effect. Thus

we find that, as the rate of growth of population increases, the percentage of homeow
who spend more than 30% of their income on shelter increases. In short, affordab

decreases.

Next, we measured the impact of growth and median income on the affordabiktytal
housing. We found, that when population increases by 10,000, the proportion
households with rent greater than 30% of household incEoeasedy 0.03414% (i.e.,

ne
it

As the rate of growth of
population increases,
the percentage of
homeowners who spend
more than 30% of their
income on shelter
increases. In short,

affordability decreases.
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three one-hundredths of a percent). This effect was compounded slightly when the indirect

effect of population growth on income was taken into account.

Summary
The statistical analysis found evidence for a positive relationship between populafion on average,

growth and house prices; a positive relationship between population growth and income; a jomeowners are made
positive relationship between population growth and the proportion of homeowners With | .. ¢ 2nd renters
payments on shelter greater than 30% of household income; and a negative relationshij _ ., .
between urban growth and the proportion of households with rent greater than 30% of when a city experiences

household income. Our results suggest, therefore that, on average, homeowners are[ ma« _
population growth.

worse off and renters are made better off when a city experiences population growth.
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Paying for Urban Growth

Most urban population growth is accommodated through expansion of peripheral suby
This expansion requires government investment in urban infrastructure - roads, sch
water lines, sewers, etc. In this section, we investigate three alternative methods
paying for this investment, comparing the effects that these methods have on the av{

cost of housing. The three methods are:

Developer feesRequire that the companies that develop the new suburbs pay for

additional municipal infrastructure.

Equal tax loadingUse municipal taxes to spread the expenditures on infrastructure aci

all residents of the municipality.

Differential tax loading Use differential municipal taxes to “load” the expenditures fo

new infrastructure onto the residents of the new suburbs.

Theoretical Assumptions

In each case, we make the following simplifying assumptions:

» The population of the city in question is, initially, 1,000,000.

+ The population of this city will grow by two per cent per year over the foreseea
future. (Hence, in the first year, it will grow by 20,000.) This rate is unaffected

changes in house prices or municipal tax policies.*

» There are four individuals living in each housing unit. Hence, the initial housing std

is 250,000 units and 5,000 new units must be built in the first year.

> Developer fees are also referred to as development cost charges and development charges.

% All of these assumptions are made for ease of exposition only. None of our results hinge on
them.

" The effects of altering the assumptions marked with an asterisk (*) are investigated in a later
section.
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Most urban population
growth is
the accommodated
through expansion of
peripheral suburbs.
0SS
This expansion
requires government
investment in urban
infrastructure - roads,

schools, water lines,

sewers, etc.
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Infrastructure in new suburbs costs the government $25,000 per lot. That is, in the

first

year the government must spend $125,000,000 (= 5,000 x $25,000) on new

infrastructure.

Except with respect to location, all houses are identical.*

Buyers are willing to pay higher prices for houses the closer they are to the city ce

nter.

For additional simplicity, we assume that all existing (i.e. “old”) houses are the same

distance from the city center.

All new houses are built at the city's periphery and all are an equal distance from
city center (a distance that exceeds that of old houses). We later allow for “in-f

housing.*

The premium that buyers are willing to pay in order to live “close” to the city center

(i.e. in existing houses) rather than at the periphery (i.e. in new houses) is a fi
dollar amount, $10,000. For example, if the price of new houses rises from $100,
to $150,000, the amount that buyers will be willing to pay for existing houses will ri
from $110,000 to $160,000.*

The market for new housing is competitive. This implies that all new houses will 3

for the same price; and that that price will equal the cost of construction (including

cost of Iand).ﬁ

There are no economies or diseconomies of scale in new house construction. Th
all houses cost the same to build. That cost is assumed to be $100,000 (excludin

cost to the government of providing additional infrastructure).

Initially, the supply of houses equals the demand. Hence, when the popula
increases by 2%, the number of houses must also increase by 2%. That incr

consists entirely of new houses (built at the city periphery).

Finally, assume, initially, that the province had been paying for the costs

infrastructure in new housing developments. Hence, the price of new housing
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equaled its private cost, $100,000, and the price of existing housing has equaled the
new house price plus $10,000, that is, $110,000. Now, the province decides to require
that the costs of infrastructure be borne by the city. The city must find a method o

paying for these costs. We consider three such methods in the following sections.

Developer Fees Because the cost of

One method the city could use to recover infrastructure costs would be to pass them &lo  pyiiding new homes
to new home builders (developers). As infrastructure is assumed to cost $25,000 P yetermines the price
house, this adds $25,000 to the private cost of building each house. Because the n of existing homes, if

housing market is assumed to be competitive, this will necessarily increase the retail pric
of a new house by $25,000, from $100,000 to $125,000.

the city shifts the
costs of suburban

infrastructure onto

As each new family enters the city, it must choose between a nhew home and an exiptil
new home developers,

home. Initially, new homes cost $125,000 and existing homes cost $110,000. Families|wi
the prices of all
attempt to buy existing homes. But, as the supply of existing homes initially equaled|th

. . . houses in the city will
demand, and as the supply of existing homes is fixed, the only effect that incregse

. . . . . . increase by the cost,
demand for those homes can have is to increase their price. The price of existing hom

will rise until it equals $135,000, at which point, buyers will be indifferent between per lot, of that

" . - . infrastructure. All
existing homes and new homegt that point, families will buy new homes.
houses will increase

Furthermore, as the $25,000 development fee will be applied to all new homes, and ag n¢ 7 Price and, therefore,

homes are built every year (because population is assumed to increase by 2% per ye: decreasein
the cost of new homes must remain at $125,000. Accordingly, the price of existing home ‘affordability.”
will remain at $135,000.

To summarize, because the cost of building new homes determines the price of existir
homes, if the city shifts the costs of suburban infrastructure onto new home developer

the prices ofall houses in the city will increase by the cost, per lot, of that infrastructure.

¥ For mathematical simplicity, we assume that there is no profit margin.

? By our assumptions, new homes and existing homes are identical except for location. As
buyers are willing to spend $10,000 more to live near the city center than at the city periphery,
the price differential between new houses and existing houses must always remain $10,000.
Note that this result does not require that new and existing homes be identical, except for
location. It requires only that "locational preference," here $10,000, be invariant to the price of
new houses.

Canadalics/
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All houses will increase in price and, therefore, decrease in “affordability”, by $25,000 per

house.

Equal Tax Loading

The government could pay for the cost of infrastructure by spreading that cost eqU

across all houses, neamd existing. At the end of the first year, for example, there will bg

D

ally

250,000 existing housing units plus 5,000 new ones. Therefore, taxes will have to incrpase

by $490.20 per unit (= ($25,000 x 5,000)/255,000).

Indeed, it can be shown that, as long as population grows at 2% per year and infrastructure

costs $25,000 per lot, the taxes required to pay for infrastructure will be $490.20 per year

in everyfuture year. Calling the number of housing units h, the tax necessary to spread

infrastructure costs equally across all units, t, can be found using the formula:

t = 0.2 xh x $25,000
hx (1 +.02)

= 0.2 x $25,000
(1+.02)

= $490.20

Because we have assumed that the number of individuals entering the city is invariapt to

the cost of housing (including the cost of taxes), the addition of $490.20 to taxes will h
no effect on the demand for housing and, therefore, no effect on house prices. That is

house prices will remain at $100,000 and existing house prices at $110,000.

The new tax will, however, raise the effective "cost" of each house in the city by
amount equal to the present discounted value of the future stream of increased t
Because of discounting, this increase in cost is considerably less than $25,000.

discount rate of 3%, for example, an infinite stream of payments of $490.20 per yea

ave

new

an
Axes.
At a

\ris

valued at $16,340.00. And because most homeowners can be assumed to ignore fufure

19°0.03 x $16,340 = $490.20.

Canadalics/

12



tax obligations beyond 25 years (or even beyond 10 or 15 yeargerbeivedpresent

discounted value of the annual tax increase will be considerably less than $16,340.

To summarize, if the city spreads the costs of new infrastructure equally across all hou
units, the effective increase in house prices will be substantially less than would H

resulted had the city required that all infrastructure costs be borne by builders of |

homes. The effect of this policy, therefore, is to increase the “affordability” of hoﬁsing.

Differential Tax Loading

Finally, the city could pay for the new infrastructure by increasing taxes on new hor
alone. For example, if the city was to borrow the $25,000 needed to service each ney
its annual “mortgage” payments would be approximately $1,393.88 per lot per year, (|

real rate of interest of 3%).

In effect, this would raise the cost of each new house by the present discounted val
that annual tax. But if homeowners discounted the $1,393.88 tax at 3%, the pre
discounted value would be $25,000. That is, whether the city imposed the cost of
infrastructure as a lump sum or as a tax equal in value to the repayments of a loar
increase in the cost of new housing would be $25,000. Accordingly, the price of "g

housing would also rise by $25,000.

However, if homeowners implicitly discount future tax payments at a higher rate than
city, (that is, at a rate higher than 3% per annum), the present discounted value of th
stream would be less than $25,000 and the prices of existing homes would rise by
lesser amount. Thus, if the city is constrained in its ability to spread the costs of

infrastructure across all homeowners, a second best policy might be to increase the

of only the new homeowners.

"' $490.20 per year discounted at 3% for 25 years is $8,792; and discounted at 3% for 15 years
is $6,028.

2 Tt does so by reducing the wealth of existing homeowners. When all of the infrastructure
costs are imposed on real estate developers, the price of existing houses increases by $25,000
with no increase in costs. When the infrastructure costs are spread across all taxpayers, the

price of existing homes does not change, yet the present discounted value of property taxes
increases by as much as $16,340.
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If the city spreads the
costs of new
infrastructure equally
across all housing

units, the effective
increase in house prices
will be substantially less
than would have
resulted had the city
required that all
infrastructure costs be
borne by builders of
new homes. The effect
of this policy, therefore,
is to increase the
“affordability” of

housing.
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Variation of Assumptions

In this section, we investigate the impact of varying five of the assumptions that were
introduced earlier. First, we assumed that the growth of population was unaffected by
changes in the rate of growth of housing prices. If this assumption is incorrect, we would
expect that the use of “developer fees” would lead to slower growth than would
“differential tax loading” and that the latter would lead to slower growth than would
“equal tax loading.” But this result would have no effect on our conclusion concerning the /fthecity is
relative affordability of housing under the three schemes. In our model, city-wide holise constrained in its
prices are determined primarily by the cost of providing the infrastructure for one nlew apility to spread the
house. Unless this cost was affected significantly by small changes in the rate of growth of costs of new
population, house prices would not be affected significantly in any of the three methods of ,fastructure across

paying for infrastructure. all homeowners, a

second best policy

on. . .
might be to increase

Second, we assumed that new and existing homes differed only with respect to locati
not with respect to quality. This assumption has no effect on our qualitative conclusions.
the taxes of only the

The only effect of quality differentials would be to increase or decrease the premium fhat
new homeowners.

buyers would be willing to pay for existing homes.

Third, the effect of allowing for “in-fill” housing is to reduce the number of new homes
that will be built in new districts and to increase the amount of crowding in existing
districts. House prices will not change, however, as those prices are determined by the cos
of building homes in new districts, by (fixed) quality and locational preferences, and|by

the property tax regime.

Fourth, we assumed that the locational premium would remain fixed at $10,000. In fact,
we would expect that, as additional housing was constructed at the city’s perimeter| the
locational preference for houses near the city center would increase relative to that for
houses near the periphery. The premium would rise over time, as would average hpust
prices. However, as we discussed in the first point above, this can be expected to have th

same effect on affordability under each of the three systems of taxation.

Finally, we assumed that the construction industry is competitive. We stand by this
assumption. However, we also implicitly assumed that the market for land was imperfectly
competitive. This assumption is important because it leads to the prediction that

landowners will be able to maintain the price of land when additional costs are impose¢l on

Canadalics/
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construction companies and homebuyers. If the market for land could be characterise
being competitive, part of any increase in the costs of house construction would

“passed back” to landowners in the form of lower land prices. In turn, this would imp

d as
be

ly

that if the city was to force construction companies to pay for infrastructure costs, hquse

prices would rise by much less than those costs. If, for example, $15,000 of the $25|

infrastructure costs could be passed back to landowners, house prices would rise by

000

only

$10,000. In that case, forcing construction companies to pay for the costs of infrastrugture

might lead to more affordable housing than would either of the other methods of pay

ing

for infrastructure. The evidence suggests, however, that land markets are not competjtive;

therefore, increased costs are passed on to homebuyers.

Summary

Theory suggests that if the city’s primary goal is to maintain the affordability of housipg

the costs of growth should be spread across all homeowners. They should not be borne

strictly by new residents or by construction companies. If infrastructure costs are impq
on new residents, all house prices will increase by the “per unit” cost of infrastructure,

our example, by $25,000). If the city uses equal tax loading, however, the increase if

sed
(in
the

costs of housing will be diluted, through the expedient of spreading those increases agross

all residents.
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Conclusion

In this report, we have analysed the impact of population growth on the affordability
housing. We began with a statistical investigation of the effect that growth has on hou
prices and on median incomes. Our hypothesis was that population growth would leg
increases in both of these variables. Thus, if incomes grew at least as rapidly as pi
population growth might leave the “affordability” of housing unaffected. We found th
our first hypothesis was confirmed — the rates of growth of both housing prices

median incomes were positively correlated with growth of population. However, beca
house prices increased more rapidly than incomes, home ownership became
affordable. This finding was further confirmed by the statistical result that the numbe
homeowners who spent more than 30% of their incomes on shelter increased as the r
growth of population increased. On the other hand, population growth did not apped

have a significant effect on the numbersesfterswho could afford shelter.

We also investigated the theoretical impact that various methods of paying

infrastructure would have on the affordability of housing. We concluded that the metl
that would reduce affordability by the lowest percentage was one in which the cost
infrastructure were spread equally across all residents. Of course, this method ha
undesirable effect that it increases the costs of housing to existing residents by more tl
increases those residents’ incomes. This effect is partially compensated for, howeve
the fact that because this method offers the least incentive for developers to build in

housing, it creates the least amount of crowding in inner city neighbourhoods.
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Appendix A: Statistical Report

The purpose of the empirical analysis is to establish the effect of population growth on

house prices, income and a measure of housing affordability. Essentially, the purpose
provide a concrete basis for beginning to think about the benefits and costs of u

growth. Many of the results confirm a priori expectations, but at least one resul

is to

ban

surprising. Population and house prices are positively related; population and income are

positively related, but the effect of population growth on the housing affordability meas

ure

is unexpected. Population growth is found to reduce the affordability of owned honjes,

but increase the affordability of rental units. In thinking about who benefits and who lo
as a result of urban growth, we did not expect that renters would fall into the better|

category.

Data

ses
off

As noted in the main report, two sources of data are used in this study: aggregate Canadian

census data (1986, 1991 and 1996) and the Royal LePage House Price Survey. Al
variables used in the analysis are listed in table 1 along with their definitions. All pri
and incomes have been converted to year 2000 constant dollars using the Consumer|
Index published by Statistics Canada. Dummy variables for each of the 317 cities
included in each regression to account for city-specific effects. For example, hou
prices are in part explained by land values and changes in supply relative to deman
supply keeps pace with demand, prices will remain relatively stable, assuming all o
variables are held constant. However, if supply falls below demand, there will be pres
for prices to rise. The effect of supply as well as land value on average house pric
likely to differ in Calgary, for example, from other Canadian cities. Therefore, t
variation in Calgary’s house prices attributable to such factors as supply and land vall

captured by the city dummy variable for Calgary.
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Table 1: Definition of Variables

Variable Definition

Invofd Log average value of dwelling.

Inpop Log population.

Inrehny Log real household median income.

prhwp Proportion of households with payments for shelter greater than 30

percent of household income. Equal to the number of households
with payments for shelter greater than 30 percent of household
income divided by the number of owned dwellings.

newprhwp Logit transformation of the proportion of households with payments
for shelter greater than 30 percent of household income.

thpop Population in 10000's.
threhny Real household median income in thousands of dollars.
prhwr Proportion of households with rent greater than 30 percent of

household income. Equal to the number of households with rent
greater than 30 percent of household income divided by the
number of rented dwellings.

newprhwr Logit transformation of the proportion of households with rent
greater than 30 percent of household income.

year2 Dummy variable for 1991.

year3 Dummy variable for 1996.

city dummies Dummy variables for each of the 317 census subdivisions.

House Prices
The first issue at hand is to determine the impact urban growth has on average h
prices. To that end, we follow the methodology of Bourassa and Hendershott (1995

estimating an equation of the form shown by equation (1).
Invofd =3, Inpop +f3; Inrehny +f3, year2 +3; year3 +3; city dummies + u (1)

The estimated coefficients provide information on the effect of a percent change in
independent variable (i.e., any variable on the right-hand side of the equation) on
dependent variable, in this case, value of dweflin§imply, equation (1) attempts to
answer the question, what happens to house prices when there is a change in populat

median income?

" The terms value of dwelling, average house price and house price will be used
interchangeably.

ouse
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Both linear and log-linear models were estimated, but the log-linear specifications

provided statistically significant results where the others did not. Models were run with

and without weights; however, weighting did not change the estimated coefficients

appreciably, but did reduce the standard errors. Therefore, we opted for the log-linear,

weighted specifications.

Following equation (1), we consider how well changes in house prices are explained by

changes in population and real household median income. Table 2 provides a summary of

the empirical results including the estimated coefficients, their t-statistics and the R sqgpare

of the model. The results of the OLS regression are as follows:

Invofd =-1.164 + 0.1684 Inpop + 1.016 Inrehny + 0.1439 year2
+ 0.2127 year3 + city dummies  (A)

These results appear in table 2 as Model A.

Table 2: Summary of Model A and B Results

Dependent Variable: log value of log value of
dwelling dwelling
census data Royal LePage
data

Explanatory Variables A B

Inpop (log population) 0.1684 0.2751
(-3.092) (-1.215)

Inrehny (log household median income) 1.016 0.5807
(-12.71) (-1.928)

year2 (1991) 0.1439 n/a*
(12.62)

year3 (1996) 0.2127 0.118
(15.69) (2.531)

city dummies y** y**

constant -1.164 2.6019
(-1.297) (0.741)

R squared 0.9351 0.8834

* not applicable with this data set.
**included in the regression, but not reported.
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Our model suggests that, all else equal, a 10% increase in population is associated w

ith a

1.7% increase in average house prices. This implies that for a city such as Calgary, where

the population has been projected to grow by 22% from 768,000 to 938,000 between 1
and 2004, house prices on average will rise by 3.7% from an average of $162,000 in I
to $168,000 in 2004 (City of Calgary, 1999).

Furthermore, our results suggest a unitary elastic, positive, relationship between hous¢

996
996

hold

median income and house prices. That is, a 1% increase in median income is associated

with a 1% increase in house prices. Median income data was used rather than ave

rage

income because it is not influenced by outliers to the extent that average income is|and

provides a better measure of income distribution.

The dummy variables for 1991 (year2) and 1996 (year3) are included to account for|any

impact on house prices directly attributable to the year. The year2 and year3 dummy

variables show that house prices were, on average, across Canada, 15.5% higher in

than in 1986 and 23.7% higher in 1996 than in 1986 1996, house prices were found

1991

to be 7.1% higher than in 1991. These increases are based on average prices converted to

2000 constant dollars, thus, inflation has been accounted for.

We estimate the same regression the Royal Lepage data set for average house prices. In

table 2 the results of this regression are shown as Model B. Using this survey reducef the

number of cities for which data was available to 62 and the number of years to two (1986

and 1996) rather than three. These changes may explain the small difference in
estimated coefficients between the two data sets and the significant increase in

standard errors of the estimates.

Invofd = 2.6019 + 0.2751 Inpop + 0.5807 Inrehny + 0.118 year3 + city dummies (B8)

the
the

A 1% increase in population is associated with a 0.275% increase in average house prices

according to the Royal LePage data. The corresponding figure using census datg

was

0.168%. Similarly, the Royal LePage data find that a 1% increase in household income is

associated with a 0.581% increase in house prices while the census data found house

prices increased by 1% when household income increased by 1%. Interestingly, thqugh,

' These results are found by subtracting 1 from the antilog of the estimated coefficient in each
case.
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changing data sets has not caused unexplainable changes in the results. Thus, we co
that Model A is robust.

Income

We establish the relationship between population and income by estimating the follow
equation, which takes a slightly different form from that of equation (1). In quantifyif
the effect of population growth on real household median income, Model C is estima

according to equation (2).

Inrehny =3, Inpop +3, year2 +3, year3 +3, city dummies + u (2)

A positive relationship is established between population growth and real househ

median income. The results are shown in equation (C) and summarized in table 3.

Inrehny = 9.186 + 0.1854 Inpop + 0.0295 yeat20516 year3 + city dummies (©)

The model finds that a 10% increase in population is associated with a 1.9% increa
household median income. As the population of Calgary is expected to rise by 4
between 1996 and 2004, Model C predicts that household median income will increas
4.2%, from $49439 in 1996 to $51505 in 2004.
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Table 3: Summary of Model C Results

Dependent Variable: log
household
median
Income
Explanatory Variables C
Inpop (log population) 0.1854
(7.099)
year2 (1991) 0.0295
(5.309)
year3 (1996) -0.0516
(-8.022)
city dummies y*
constant 9.186
(35.67)
R squared 0.9512

* included in the regression, but not reported.

Figure 1 provides a graphical representation of population, house price and median ingome

growth rates for 12 Canadian cities over the period 1986-1996. The 12 cities are graphed

from left to right according to increasing population growth rates. Montreal had the lowest

growth rate of the 12 cities and Charlottetown had the highest. Even though most cities

saw an increase in average house prices only two cities, Vancouver and Charlottetpwn,

saw an increase in median income over the same period. For many cities across Cgnada,

the growth rate of income did not keep pace with the growth rate of house prices between

1986 and 1996. Calgary, with the second highest population growth rate, also shows an

increase in average house prices over the period. However, both of these increases (in

population and house prices) occurred as median household income fell.

Canadalics/
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Figure 1: Population, Value of Dwelling and Household Median Income
Growth Rates in 12 Canadian Cities Over the Period 1986-1996 (%)
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Housing Affordability

The remaining models require a logit transformation in order to apply an empirical

analysis.

Model D relates population, household median income and the year and city

dummy variables to the proportion of households \pilymentdor shelter greater than

30% of household income. Model D takes the form of equation (3).

In (prhwp/(Eprhwp)) =a, + a, thpop +a, threhny +a; year2

+ a, year3 +g; city dummies + u

®3)

Equation (3) was estimated with the following results, which appear in table 4.

In (prhwp/(Eprhwp)) = -1.0737 + 0.018083 thpop0.001317 threhny

—0.27092 year2 + 0.24743 year3 + city dummies

Table 4: Summary of Model D, E, F and G Results

(D)

Dependent Variable:

log odds of log odds of
households households

log odds of log odds of
households households

with with with rent with rent
payments  payments >30% of >30% of
>30% of >30% of  household household
household household income income
income income
Explanatory Variables D E F G
thpop (population in 10000's) 0.018083 0.018273 -0.00141 -0.00296
(5.055) (5.09) (-0.4) (-0.8277)
threhny (household median income in 1000's) | -0.006132 n* -0.01342 n*
(-2.419) (-5.276)
year2 (1991) -0.27092 -0.28559 -1.2353 -1.2588
(-14.38) (-15.95) (-70.55) (-72.82)
year3 (1996) 0.24743 0.25088 0.3201 0.34592
(13.11) (13.28) (19.12) (21.16)
city dummies y** y** y** y**
constant -1.0737 -1.4143 0.35997 -0.39126
(-4.558) (-7.46) (0.9748) (-1.125)
R squared 0.8396 0.8382 0.9484 0.9462

n* not included in the regression.
y** included in the regression, but not reported.
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Interpretation of these results requires some mathematical manipulation. As an example,

we substitute values for the population and median income of Calgary in 1996 into

equation (D). Rearranging we find

prhwp = 0.1958.

This result is used to determine the effect of a change in population or median incomge on

the proportion of households with payments on shelter greater than 30% of household

income using the following formulas:

fprhwp
fth— =a, * prhwp * (1 — prhwp) =0.002847
pop
fprhwp
/‘thr—h =a, *prhwp * (1 — prhwp) = -0.0009655
chny

The first result describes the effect of a one unit (i.e., 10000) increase in Calgaly’s

population on the proportion of households with payments on shelter greater than 30

o of

household income, holding median household income constant. An increase in population

of 10000 is associated with a 0.285% increase in the proportion of households With

payments on shelter greater than 30% of household income. In Calgary, where|

proportion of households with payments greater than 30% of household income was

(i.e., 21.6% of owned dwellings) in 2004 by which time the population is projected |to

the
.167
(i.e., 16.7% of owned dwellings) in 1996, this proportion is expected to increase t& 0.2[16

increase by 170000, to 938000. That is, a 22% increase in population is expected to

increase the proportion of households with payments greater than 30% of household

income by 4.9 percentage points.

The second result implies that a one unit (i.e., $1000) increase in household median

income is associated with a 0.0966% decrease in the proportion of households with

15 This number is calculated as follows:

fprhwp
fthpop

number of units population increases by * + prhwp in 1996

17 *0.002847 + 0.1672 = 0.2156
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payments greater than 30% of household income. In other words, if household median

income increased by $10000 the proportion of households with payments greater

30% of household income is expected to fall by just less than 1% (i.e., 0.966%).

Model D allows changes in population to affect the proportion of households w
payments greater than 30% of household income directly as well as indirectly thro

household median income. A variation on Model D, Model E, is run to separate the di

than

th
ugh

rect

and the indirect effects of population growth on the proportion of households with

payments greater than 30% of household income. Model E is similar to Model D with

the

difference between them being that E is estimated excluding the household median ingome

variable. The results of running Model E are:

newprhwp =1.4143 +0.01827 thpop 0.2856 year2 + 0.2509 year3 + city dummies (E)

After some mathematical manipulation, Model E determines that when the population of

Calgary increases by 10000 the proportion of households with payments greater than
of household income increases by 0.288%. This result is nearly identical to that of M

D where the corresponding result was 0.285%.

As discussed above, Model C found weak evidence that increases in population

associated with increases in household median income. We say the evidence is

30%
bdel

are

weak

because the effect of population growth on income depends on the specification of the

model. In Model D, removing income from the equation has minimal impact on the

remaining variables, therefore, there is little evidence to suggest that the weak relatiorjship

between population growth and household income is driving the result that increasq
population are linked with increases in the proportion of households who have paym
greater than 30% of household income. That is, while we have reason and some evig
to believe that changes in population lead to changes in income, we do not find that
indirect mechanism is significant relative to the direct effect of population on t

proportion of households with payments greater than 30% of household income.

The next set of models introduces a new dependent variable, proportion of househ
with rent greater than 30% of household income. Models F and G correspond to Mo
D and E, respectively. Models F and G were estimated with the following results, wh

are also reported in table 4.
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newprhwr = 0.35997 0.00141 thpop- 0.01342 threhny 1.2353 year2
+ 0.3201 year3 + city dummies P

newprhwr =—0.39126- 0.002963 thpop- 1.2588 year2
+ 0.34592 year3 + city dummies  (G)

Following the same steps to transform the coefficients as in Model D, Model F provifes

two results:
h
Torhwr _ o 0003414
fthpop
h
Sorhwr o 00325
/threhny

The first result says that when the population of Calgary increases by 10000,
proportion of households with rent greater than 30% of household indeoreasedy

0.03414% (i.e., three one-hundredths of a percent). A very small, yet unexpected, rd

the

sult.

Intuition suggests a positive relationship between population growth and households with

rent greater than 30% of household income. However, there may be more than
explanation for this result. Assuming that most of the population growth is attributabléd
in-migration rather than births, it may be that newcomers buy homes, and therefore dg

put pressure on the relatively fixed supply of rental units or their price.

Model G is run to separate the direct and indirect effects of population growth on
proportion of households with rent greater than 30% of household income. The indi
effect is through household median income. The estimated coefficient on the populd
variable in Models E and G measures all the effects of population growth not accou
for in the year or city dummy variables, not just those attributable to population groy
alone. These coefficients also include the effects attributable to changes in other varig
such as income, that are correlated with population growth. Models D and F isolate
effects of population growth and income by including both variables separately. Mode

finds:

dprhwr

=-0.0003287 -
dthpop

one
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When the population of Calgary increases by 10000, allowing only for the direct effect

of

population growth on the prhwr variable, the proportion of households with rent gregter

than 30% of household income falls by 0.03287%. Excluding household median incq
from the equation does not change the result significantly. As determined in Model C,
do find some evidence that changes in population affect median income, but we ddg
find that that mechanism is significant relative to the direct effect of population growth

the proportion of households with rent greater than 30% of household income.

An interesting trend was discovered in the proportion of households with rent greater
30% of household income variable. The average proportion across Canada was 34.9
1986, fell to 15.1% in 1991 and rose to 41.6% in 1996. The proportion of households
rent greater than 30% of household income in 1991 was so much lower than in 1986
1996 that it warranted further investigation. Verifying the definition of the variable acrd
years, as well as the data, confirmed that the drop in 1991 was not simply a flaw in
data, but rather an actual occurrence. The trend may be a result of a combinatig
factors. In 1991 there may have been relatively more Canadians in subsidized hol
when compared to 1986 and 1996. Moreover, median and average incomes were fol
be higher in 1991 than in 1986 and 1996 which would also account for some of
variation in the proportion of households with rent greater than 30% of household incg
between 1986 and 1996. To observe the effect the trend had on the results of Mod
and G we ran these regressions excluding 1991 data and found little difference from

original specification.

Conclusion

The statistical analysis provides empirical evidence for a positive relationship betw|
urban growth and house prices; a positive relationship between urban growth and inc
a positive relationship between urban growth and the proportion of households

payments on shelter greater than 30% of household income; and, a negative relatio
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between urban growth and the proportion of households with rent greater than 30% of

household income. According to our analysis, on average, homeowners are made \

off and renters are made better off when a city experiences population growth.
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