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The need for projections in city planning and the social sciences were ewmined. 

The merences between forecasts and projections were discussed and various forecasting 

methods surveyed. The relationship between forecast types and planning applications 

was described. 

The Potential Housing Demand Model (PHD Model) of Canada Mortgage and 

Housing Corporation was examined in detail. An overview of the functioning of the 

model was presented dong with an examination of the three main components of the 

model: the population projection model, the household projection model and the potential 

housing demand projection model. 

Methods of forecast appraisal were reviewed. The main criteria used by 

researchers were discussed. Accuracy and theoretical coherence were considered the 

primary criteria of appraisal by all major researchers in this field of inquiry. Correlates of 

accuracy were presented and discussed. Finally, a representative sample of past research 

was stlmmarized and the main fkdings of these investigations presented. 

The rationde of the study was addressed and the following two objectives were 

stated: 

1. To appraise the performance of the Potential Housing Demand Model in a manner 

consistent with past research. 

2. To d e t e d e  the performance of the PHD rnodel with respect to the following two 
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general findings of past research: 

A) A forecari tirne horuon LÎ the strongest and most conrisent correlate Q i t s  accuracy. 

B )  The essential importance of the validity of cure assumptionr. 

The results of the case study analysis generally agreed with the two findings of 

past research except in the household demand component of the model which did not 

overestimate the overd level of households less accurately as the forecast horizon 

extended farther out. Also, in contrast to past research, the PHI3 model actually predicted 

a more accurate value for household growth for the entire 25 year period than it did for 

any 5 year census penod. 
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Chapter One 

The Need for Predictions in Planning 

Forecast: \verb\ la: to calculate or predia (some future event or condition) usu. as a 

result of study and analysis of available pertinent data; b: to indicate as likely to occur 2: 

to calculate the future 3a \noun\: foresight of consequences and provision against them 

b: a prophecy, estimate, or prediction of a future happening or condition. (Webster's 

CoIlegiate Dictionary) 

Introduction 

What will the future hold? This is the essence of any forecast. Given the past 

behaviour and current state of a particular topic, what is moa likely to occur in the 

fiiture? Without an ide* or best guess of what the future has in store for us, it becomes 

impossible to plan for it. Indeed, since its beginning at the turn of the century, urban and 

regional planning has been largely justified as an institutional mechanism for providing 

information about the fiiture to guide current decision making (Klosterman 1990). 

As Richard Klosterman states in Comrnuni~ Analvsis and Plannine Technioues 

(1 990, p 4): 

"Population projections and forecasts are among the most important 
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local, state, and national plmners. Local comprehensive plans for future residential, 

commercial, and related land requirements are denved nom forecasted population 

levels and projected space needs per capita. Federal, state and local h d i n g  decisions 

for capital facilities such as traasportation systems, sewage treatment facilities, and 

schools are based on the projected number of people who wouid be served by hem". 

As experts on future trends, local plamers are faced with a particularly difficult 

task - preparing reiiable long-term (20 to 30 year) projections for srnail areas nich as 

counties, cities, and neighbourhoods. Reliable short-tem projections are much easier to 

arrive at since two or three year demographic and economic changes are generally small. 

Long-term changes are much more dinicult to predict, especialiy for smaller areas, which 

makes reiiable long-term forecasts difficult to prepare (Klosterman 1 990). 

A lack of foresight or the failue to foresee or acknowledge trends has conûibuted, 

and will continue to contribute, to many of the problerns we currently face. Past 

examples include the energy crisis, which emerged as a resdt of unanticipated shortages 

of fuels and inadequate recognition of the implications of the continually growing 

demand for energy. It is tme that for al1 the technological sophistication of our public 

and private sectors, the record of forecasting hture problems and events is not enviable. 

Rather than a criticism on past forecasts, this is an acknowledgement of the difficulties of 

forecasting. Although we may have facts on past patterns and existing relationships, and 

firm information guides our alternatives, we m u t  still choose between them. It is here 

that we depart fiom the currently knowable and where the greatest difnculty lies. Which 

alternative is more plausible? Which one is farfetched? 
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that we depart nom the currently knowable and wfiere the ~ t e s t  difnculty Lies. Which 

alternative is more plausible? Which one is Metched? 

This chapter explores and defines models, projections, and forecasts. It dso 

considers some basic types of forecasts used in planning. Lady, the roles these Mering 

instruments play in the planning field is examine& 

Models 

"Analysis and projection of population are at the base of almost ail major planning 

decisions." ( Hightower 1968, p 5 1) 

"Perhaps the single most important population midy for planning purposes in the 

population projection ... for no planning activity is fulnlling its proper funetion 

unless plans are developed within a context of a continuum of needs extending 

f?om the present to the foreseeable fbture." 

(Chapin and Kaiser 1979, p 174) 

Models encompass a range of approaches that have one thing in common: they 

specify two or more explicit propositions that share at least one factor or variable (Ascher 

198 1). Models consist of a set of predetermined relationships which define how these 

factors will relate together - usually mathematically. The mode1 defines a basic smcture 

of variables and theY relationsbip to one another. ?heu combining of multiple, 

intercomected propositions (i.e., outputs of one becornes inputs of another, or solutions 
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must satisQ several equations simultaneously) can explicitly express feedback 

mechanisms, muhial causation, balancing effects, and other complicated dynamics 

(Oppenheim 1980). An example would be a demographic model of population, where 

certain characteristics (e-g., birth rate, death rate, migration, etc.) of the population are 

systematically used to project population fonvard in time. The model serves as  a guide for 

calcdating and maaaging the various data which together influence the factor being 

forecast. Once the relationships have been established between the data in question, it 

becornes simply a matter of making the predetermined caiculations to arrive at the factor 

of interest. If the underlying assumptions in the model are simply taken at face value, we 

will generate a projection; if the underlying assumptions are cntically and systematically 

assessed as to likelihood, then we will generate a forecast. 

Projections versus Forecasts 

Dernographes make a crucial distinction between a forecast and a projection in 

terms of their intended use and interpretation. Projections are essentially conditional C'if, 

then") statements about the future. They are calculaiions of the numencal consequences 

(the "then") of the underlying assumptions (the "if'). For example, an analyst might 

conclude that at the current levels of binh, death and migration (the asnimptions) the 

population will be X at a fiiture time in a given community. What is key here is that the 

andyst does not claim that the rates will continue or that the future population will be X. 

Rather, hdshe simply takes the assumptions at face value, without assessing their 
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likelihood, and goes through the technicd exercise generating numbers, which are a 

projection. It is a hypothetical, technical exercise, and not a prediction of what will 

happa in the Wure (Klosterxnan 1990; Isserman 1984a). 

Altematively, a forecast, is an explicitiy caiculated prediction. It is a statement of 

what is most likely in the future. Unlike a projection, a forecast evaluates the underlying 

assumptions - the "ifs". They are assessed for their vaiidity, if they are likely to be true 

or hold in the future: "Men the author or the subsequent user of a projection is willing 

to describe it as indicating the most likely population at a given date, then he has 

[siclmade a forecast" (Shryock, Siegel, and Associates 1975, p 439, italics added). 

Given the above distinction, it might seem logicai that planners generally rely on 

forecasts to ailocate land, design capital facilities and do other various activities where 

future population is of concern. M e r  dl, plannefs require a forecast of the number of 

people expected in given area, not simply a number based on underlying assumptions 

which have not been evaluated- Still, planners and other social scientists may use 

projections when forecasts are clearly warranted. This occurs, in part, because generally 

projections are much easier to generate then forecasts. The numbers usually only have to 

be input and calculated, without any thought given to the validity of the assumptions 

inherent in the model. It is quite possible that neither the analyst nor the user has 

evaluated the assumptions, nor t d y  believes them to be reasonable. Usea may adopt the 

projection as a forecast without understanding the conditionai nature of the exercise, and 

the need for the assumptions to be evaluated (Klosterman 1990; Keyfitz 1972). 

Some authors, such as Isserrnan, see the need to forecast as king much more than 
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simply a technical issue. In his view, planning needs to go beyond its cumnt 

problem-solving and pra@c orientation and re-direct its attention to the future. 

Planners must think about the long-term future and assume their roles as  visionaries and 

idealists. As Issemian puts it: 

"In this period of selfdoubt, the need to forecast and the need to develop new 

methods of inquiry, new research skills, and new ways of tbinking about the 

future are a refieshing opportunity to begin retuming to p l d g  in the true sense, 

for it should be impossible for a planner to think about what will be without 

thinking about what can be and what oughr to be." (Issennan 1984% p209) 

Planning Applications for Forecasts 

Land Use Planning: The land use plan can be defined as "a proposai as to how land 

should be used as expansion and renewal proceed in the b e n  (Chapin 1965). Land 

may be used for commercial, residential, recreational, and industrial purposes. How best 

to allocate land for these purposes is unially accomplished by combining population 

forecasts with ratios of space needs per capita. These space needs are determined by how 

current populations in a given geography are cumntly allocating land use (usual current 

practice), how populations in the recent past have ailocated land use (recent trends), or 

standards put forward by professional groups or governtnental agencies. Since the ratio 

of space needs to population is well understood and documented, the ability to plan for 

the various uses a fiiture population will have for the land can be done successfully, if 

only friture population size can be reasonably known (Chapin & Kaiser 1979). 
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Capital FaciZities Funding: Capital facilities nich as sewage tre!atment plants, electric 

power plants and transportation systems are charaaerized by long periods of planning, 

design, construction and use. Since these facilties are intended to serve future needs, 

population forecasts are important in determining their capacity and design. in fact, one 

rnight be tempted to argue that the population level alone, is the key determinant to 

adequately designing and subsequently funding capital projects (Tabon 1979). 

RecogniPog the long life of many capital facilities, a growing number of federal agencies 

have begun to distribute h d s  either using a formula in which fûture population to be 

served is a variable, or committing h d s  for a specific project with future population 

being a determinant of the amount awarded (Griffith 1980). 

Air Quolity PIanning: The primary aim of such planning is to identiQ areas that have the 

potential to be in violation of any national ambient air quaiity standards over a 

predetennined period of time in the future, and to design plans to prevent nich violations 

fiom o c c h g  . Population forecas& are used in forecasting area-wide emission levels 

kom many kinds of sources. The usual approach is to multiply base year activity times a 

population growte factor times an emission factor to yield friture emissions. This will 

allow us to gauge future ambient air quality and whether it will be reasonable for f h r e  

communities. 

Outline of this Practicum 

This chapter has presented the oeed for predictiom and forecasts in planning, and 
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examined the distinction between projections and forecasts. Chapter two htroduces the 

various methods used by planners and 0 t h  professionds to forecast socio-economic 

variables. Different forecast types and their application to planning are illustrated. The 

chapter concludes by examining the many reasons of why projections, rather than 

forecasts are ofien used in many professional circles. Chapter three presents an 

o v e ~ e w  of Canada Mortgage and Housing's Potential Housing Demand Model (PHD 

Model) and how the mode1 operates. In chapter four, the issue of appraising forecasts is 

considered. Accuracy as the primary critenon of appraisd is discussed, and past research 

is presented. The chapter concludes with the study rationale. Chapter five presents the 

case study analysis of the PHD Model in detail, based on a simulated historical 

projection. Consistent with past research efforts, the level of accuracy is criticdy 

evaluated dong with the methodological and underly h g  theoretical asnimptions. Finally , 

chapter six concludes with a discussion and summary of the findings. 
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Chapter Two 

Forecasting and Projection Methods 

Introduction 

There are many rnethods in population projections/forecasts currently in use 

today. The foliowing section gives a bief overview of the main rnethods used by 

analysts. Each can be used to generate projections and forecasts. 

Mathemarical trend extrapolation 

"Extrapolation is the projection of a historically based quantitative trend at a 

constant rate" (Oppenheim 1980). Therefore, this method is a search for an equation that 

descnbes the variable - in our case population change, over tirne. Few observations are 

needed. The essence of the andysis is fhding the fonn of the equation that best fits the 

data the best Options include, but are not limited to, straight lines, exponential c w e s ,  

second-degree polynomials, and other more esotenc f o m .  These equations imply a 

statement on the nature of population change. For instance, a linear c w e  implies a 

constant amount of change, while an exponential curve implies a constant percentage rate 

of change. The goal of mathematical extrapolation is to examine the data pattern to find 

an equation that best fits this form (Pritchett 198 1 ; Pearl & Reed 1920). 

An oversimplified example will illustrate the basis of the method. Figure 2.1 
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projects variable y where y 

= x+ l and x represents 

time (a caiendar rnonth in 

this case). In this simple 

example, variable y is 

projected based on a 

constant rate of growth that 

describes the variables' 

past pattern. This is the 

- - 

A Slmpl'tfied extrapolation 

essence of the method, quantitatively capniring the past trend of the variable and 

projecting it into the füture. 

Projection: Once the past pattern of growth has been captured by the equation, the 

pattern is extrapolated into the future. The analysis consists of simply identirying the 

trend and then projecting it into the future. For example, if an exponential cuve with 

a 3 percent azuzuai growth describes the past well then it is assumed it will continue to 

grow at that rate in the future. 

Although this seems straightfonvard enough, there are considerations. Foremost, 

is the question of which yean should constitute the historical database. An 

oversimplifïed illustration will help clar*. Suppose we have a community with a 

population starting at 100 in the year 1900. This is followed by a growth period while the 

area is being senled until1940. The population swek to 500. Then, nom 1940 until 



1960 there is out migration, shrinking the population to 400. Finally, there is an increase 

in population fiom 1960 until 1990, although not as signincant at the first period with the 

population senling at 600. So we now have tbree signiscant trends; the f h t  period of 

settiement with 500 percent growth, the second with a 20 percent decrease, and the third 

with a 50 percent increase. Now, the question arises, which trend should be extrapolated 

into the future? The entire history of the community? The senlement period? The out 

migration period? The recent growth penod? 

There is no simple d e  to arrive at the decision, aithough the choice will greatly 

affect the outcome of the projection. Depending on which period we use (and which 

associated trend), we will arrive at a different projected population using the same 

method. Using the entire history is not necessarily any better than a given period. There 

is no right or wrong period to use because they are aii  conditional. However, one will 

produce a number closest to the actual population in the fbture. In trying to determine 

which projection is closest to the real population, the transition fkom projection to 

forecast has begun (Issennan 1 984a). 

Forecasting Although, while it is the case that there is no one best history for a 

projection., the same is probably not tnie for a forecast If we consider the historical 

database and the associated trends within if we will probably be able to denve some 

insight into those factors which shaped them. Discovering those factors, we can decide if 

they may play a role in the fiiture. Put another way, which trends are aberrations and 

which wiii continue into the future? Thinking about our previous example, is the 



senlement growth period of 500 percent gohg to be representative of the fuhue of this 

community? Or, is it going to be the demese of the out migration perïod? The slow 

growth as of late? Perhaps the entire historical trend? Pmbing into these questions, 

thinking about the past and fuhw, and considering some explanations of what rnay have 

happened and what will happen can lead to insights into the hinoricd database. Parts of 

the historical database may be identified as misleading, whiie other historical periods may 

be identifïed as most relevant to an anticipated fiiture. 

Sometimes the extrapolation method is used more fkely. If, for instance, the 

analyst has a particular belief about the fùture, it is possible to choose the extrapolation 

mode1 whose projected outcome is considered rnost ke ly  to happen. The notion that the 

equation that best fits the past will describe the future is abandoned. Instead, a top-down 

approach is used whereby the outcome is assessed and the equation fom and historical 

penod that produce that most likely fbture are adopted (Issemian 1984a). 

Cohort -Component Mefhod 

The essence of the cohort-component method is an accounting fhnework. 

Trends surnmarizhg several somewhat different kinds of activity or different types of 

UNts can be broken down into separate trends for each, with no theoretical limitation on 

how fine the disaggregation can be. For example, while population growth was once 

projected as a unitary phenornenon, now it is projected through fertility and mortdity 

rates applied to difXerent age cohorts for different racial components of the population. 

The resuits are then reaggregated to determine the total. The rationale for disaggregation 
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is that each separate, more homogeneous trend will behave in a simpler and therefore 

more predictable way than the overail trend treatd as a single entity. When such 

disaggregation is employed, the elaborateness of the method cornes not only in having to 

project a larger number of more specific trends, but also in d g  them up again. 

Elaborate models for tracking and combining these components ofien appear to be, and 

are promoted as, the most impressive methodological devices for forecasting. In fact, 

they are littie more than highly detailed but theoreticdy simple accounting mechanisrus 

(Oppenheim 1980). 

The effects of future birth, death, and migration rates on population size are traced 

over time to generate a projected population. The population is divided into groups or 

cohorts based on age and sex (other additional characteristics are possible, such as 

ethaicity). As an example, consider a cohort of femdes age 30. Within that cohort there 

will be a fked number of individuals. The number of women in that cohort will change 

over t h e  by both death and migration. A certain proportion will die in the next year, that 

is the death rate; alternatively, the proportion who nwive form the sunival rate. 

Migration is usually dealt with by the use of a net migratior rate (a sumrnation of the net 

effects of in migration and out migration) as a proportion of the surviving fernales. 

Applying these rates over the year, we are left with a new, adjusted amount of individuais 

for the cohort. Applying these to dl age groups or cohortç, we will arrive at a new 

adjusted population count for any future given year. To determine the number of new 

births in a given year, the same methodology holds. Each cohort of femaies has an 

associated fertiiïty rate (usually defïned as births per thousand). Fertility rates vary with 
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age and other characteristics used to define the cohorts, so different rates are used for 

each cohort. The fertility rate times the average of the number of women in the cohort 

will give an estimate of the number of births for that cohort. Taken together, an accurate 

statistical picture of a future population is generated (Shyrock, Siegel & Associates 1975). 

The tnie essence of this model, Lies in applying the correct rates to the number of 

people in each cohort. However, the model does not produce the rates. These rates 

must be input by the analyst The mode1 is essentially a set of calculations based on the 

idea that it makes sense to divide the population into groups because birth, death, and 

migration are known to vary with age, sex and other chatacteristics. There are no theones 

inherent in the model for detennining the birth, death and migration rates. This is both 

the model's weakness and strength There is no way to ascertain fiiture rates for the 

variables, but at the same time the model clearly shows where the assurnptions Lie. It is 

"not that it discloses the secret of what the future holds, but rather that it displays the 

mechanics of the projection in such a way as to make more evident exactly what is being 

assumed" (Duncan 1969, p93). 

Projection: How the rates are selected and used by the analyst determines whether the 

model is being used to project or to forecast. For instance, a standard projection approach 

would be to calculate the curent rates and hold them constant into the fiiture. This is a 

widely used approach. The fact that the rates have not been constant over time, and 

probably will not be in the fuhw, is acknowledged. Sometimes past changes in the rates 

are analysed for trends which may be projected into the future. As choices are made in 
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order to arrive at a more likely set of rates, the shift towards a forecast has started 

(Isserman 1 984a). 

Forecasting: Forecasting with the cohort-component method requires deciding what the 

rates will be in the future. After deciding what those f h r e  rates will bey they are put into 

the accounting firamework to calculate their implications, Le., the state of the future 

population. To decide what those friture rates might bey the analyst must ask if the rates 

will hold constant or will they change in the fuhue? If they are likely to change, then in 

what way or direction? Are other factors going to influence these rates? What is likely to 

change between now and the end of the fore- period? The essence of this exercise is to 

think about the fiiture and to try to understand how it might differ fiom the recent past. 

As was the case with mathematical extrapolation, much thought and d y s i s  is necessary 

outside the formal mode1 itself. With extrapolation, the focus was on the historical 

period, data points and equation forms. With the cohort-component model, the focus is 

on choosing the most likely buth, death, and migration rates (Shyrock, Siegel & 

Associates 1975). 

This reflection on the future may lead to certain hypotheses or hunches of 

expected changes that will be reflected in the mode1 by the a d j m e n t  of rates. For 

example, an analyst might see certain areas of the job market starting to expand in a given 

community and decide to adjust the migration rate in the future to reflect this fact The 

forecaster might decide to increase migration by five per cent each year of the forecast 

Now, this approach is not statisticaily sopbisticated by any means, but it is an attempt to 
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forecast rather than simply project, eventhough there is no precise mathematical 

relationship between theorizing about the future cornmunity and to the level of rate 

change. However unsophisticated this forecast might seem, it is still making an attempt 

to arrive at the most Likely future scenario. Moreover, the underlying rationale can be 

discussed and debated until the most convincing case can be made that the friture being 

predicted is a likely one. 

Regression 

Regression analysis is the next technique encountered as one moves toward 

greater complexity among the explicit methods of forecasting. Regression goes beyond 

accounting mechanisms by ernbodying actual theoretical propositions and assumptions. 

Regression has one or more explicit propositions connected by their sharing of at least 

one factor or variable. The resulting interconnectedness of propositions can, 

theoretically, capture the complexity of real situations by representing intncate 

relationships such as mutual causation and feedback. It is the specification of these 

relationships that distinguishes regression fkom mathematical trend extrapolation. 

Surprising implications that may not be apparent by simply looking at a relationship in 

isolation may be found. Forecasting through regression analysis is basically the 

prediction of one trend or event based on i t .  relationship with one or more other trends. 

Usuaily the presumed relationships are iinear (the change in the predicted trend is 

proportional to the magnitude of change in the other trends on which the prediction is 

based). One can predict the leveh of a variable using standard regression analysis, and 
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can make predictîons about events (the probabilities that events will or will not occur) 

through regression analysis (Oppenbeim 1980). 

The principal rationale for repssion as a forecasting method is that certain trends 

are prirnarily d e t e d e d  or conditioned by one or a few other trends. This position does 

not deny that the real world is more complicated, but rather questions whether it is worth 

m g  to discover and express these complexities, given that the complexities of intricate 

relationships are often too subtie to be detected in historical data contaminated by many 

other factors. For example, because energy is largely used to serve individual-level needs 

of heat, Light, and other home uses, and to run the nation's industry, it is not unreasonable 

to predict energy use as a fiinction of gross national product (which increases dong with 

population, higher disposable incornes for energy-using appliances, greater industriai 

activity, and so on). If economic growth can be projected, then the trend of energy use 

can be calculated on the ba i s  of rhis projection. Certainly, the relationship between 

economic growth and energy use is in fact more complicated, but not in easily 

understandable ways. Themfore, regression theory argues that it is best to utilize a 

straightfonvard, ''robustY' linear relationship that expresses the hdamentd  direction of a 

trend. 

If the trend under examination is presumed to depend on other, more basic trends 

in a consistent and straightfonvard way, the following regression equation: 

Predicted Variable = Constant A + (Constant B 1 * Basic Variable 1) + ( Constant B2 

*Basic Variable 2) + ... 
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can be used to p ~ d i a  fuhire values for the prrdicted variable, by nrst finding vaiues for 

the constants, and then plugging values of the basic variables into the equation so that the 

predicted variable can be calculated. Generaily, the ta& of finding appropriate values for 

the constants (which in a sense represent how much change in the predicted variable a 

given magnitude of change in each basic variable would produce or account for), is 

accomplished in a way similar to fitthg the extrapolation line to the actual historical &a 

The constant chosen is the one that produces the closest fit between the actuai and the 

predicted data points (Oppenheim 1984). 

Regession has two vulnerabilities as a forecasting method. ï h e  first is that the 

constants that Iink the predicted trend to the basic trends refiect the past and present 

structure of the system. Therefore, ifthis structure changes, there is no reason to expect 

that the constants would still represent the relationships among trends. Second, as 

Oppenheim states, "[regression] validiv depends not ody  on whether the relationships 

between the predicted trend and each of the basic trends are correct, but also on the 

projection of each of these basic trends." For example, if you are predicting energy use 

fkom gross national pro duc^ an underestimate of GNP will yield an underestimate of 

energy consumption even if the GNP-energy lelationship is correctly specified 

(Oppenheim 1 984). 

Econornenic Models 

uEconometrïc" is defined as  economic andysis enîailing measurement. 

Econometric rnodels utilize equations whose constants are estimated on the basis of 
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existing, actual data, much like =gression analysis. Once the pazfimeters are estimatecl, 

the equations are "simultaneously solved," that is, the valws are found for the variables 

involved that satisQ all of the e q d o n s  (Johnston 1972). 

For example, retuming to a projection of energy-use, one might Link demand for 

different fiels (gasoline, diesel, heating oil, coal, etc.) to each of the econornic activities 

(home heating, heavy industry, truck tramportation, etc.) that make up total demand. 

Similariy, a population projection might Link age, income levels, race, urban or niral 

residence factors to those prenimably affectkg fertility, mortaiity, and migration rates. 

This is the essence of econometric modelling: the combining of multiple, interconnected 

propositions. An explanatory fknework is implied where these propositions explicitly 

express feedback mechanisms, muhial causation, balancing effects, and other complicated 

dynamics. 

W M e  this hnework may seem theoretically comprehensive at first glance, like 

many models, it fails to capture social, political and policy-respome factors that cannot be 

explicitly and quantifiably formulated. It is usually the case that a particular factor is 

relevant to another factor in intricate ways that cannot be tlanslated into an explicit 

formulation. Equally, the econometric mode1 assumes that the system and the 

relationships that it posits are weil understood, which remains arguable at best. As 

Oppenheim (1980, p 80) states, "The act of specifying theoretical relationships in explicit, 

mathematical form does not establish the correctness of the relationships. Models 

express assumptions but do not validate them." 

This econometric procedure is limited to variables and relationships for which 



The Tieoqy & Practièe of Forecadhg Ui Plmrning - A  Case Sttu?y AndysLr Page 22 

historical &ta exist An economeûician would say that this is its strength - it ensures a 

solid base of experience for the propositions accepted as part of the model. Critics point 

out that this can also be a limitation, preventing econometnc models fkom incorporating 

relationships which may be expected to become important in the frrture, even if existing 

data c a ~ o t  speak to what these relationships are Iikely to be. (Johnston 1972). 

Econotnic -demographic methods 

In the economic-demographic approach population change is related to economic 

conditions. Economic activity is first detemüned and then population change is based on 

economic change. There are essentially two techniques in use: recunive models and 

simultaneous models. 

A common recursive approach begins with future employment and denves 

population using an expected ratio of population in labour-force by age to employment - 
the population-employment ratio. This ratio consists of three important rates related to 

unemployment, labour force participation, and dependency of total population to the 

labour-force age population. The processes used to determine these rates and the 

extrapolation of the population-employment ratio are quite complex and beyond the scope 

of the present discussion. Needless to say, these are rates with very complex 

detenrilnants that must be studied by the analyst. The essence of üiis recursive approach 

can be thought of as similar to the cohort-component rnethod in that key rates must be 

used as key inputs into the model (Joun & Conway 1983). 

The simuitaneous approach is a larger scale mode1 that incorporates both the 



economic detenninants and consequences of population change. Population is linked to 

economic variables in several ways. Population may be the determinant of the dernand 

for certain goods or services, or of labour force supply. Population mi@ be determined 

by using a single equation based on previous population and related to a few economic 

variables such as employment changes, the unemployment rate or perhaps wages. This 

family of models includes far more factors than those previously discussed. Nevertheless, 

some variables must still be detemiined outside the model, such as policy dependent 

variables (e.g. bank rates), outside forces (export demand), or simply non-economic 

factors (e.g. death rates). For a projection, the assurnption is that these variables will 

remain constant or follow their historical time trend and the structure of the model wiil 

remain constant. That is to Say, the ratios and equations built into the rnodel on the basis 

of a previous time penod will also hold tnie in describing these relationships into the 

fhture. However, when forecasting, those assumptions are statements and relationships 

that must be evaluated. And Iike the other methods discussed so far, the forecasting 

process involves thought and analysis outside the model to j u m  itself (Joun & Conway 

1983). 

Forecast Types and Planning 

Planning requires an idea of the fiiture and forecasts may in part supply that need. 

Moreover, the interaction between forecasting and plaaaing may happen on many &on&. 

For instance, the forecast may ''fuifil1 itself'. That is, a forecast predicting growth in a 



Ine Ineov & PrQdiCe of Forecnsring B PIanning - A  Cmc Stu@ Anu&srS Page 24 

particula. area or comunity may enhance further interest and investment as people are 

attraaed to expanding job and goods markets. If public hhstmcture  is provided in 

advance of the anticipated p w t h  then the likelihood of private investment is 

signincantly increased (Kunofsky 1 977,1982). On the other hanci, if decline is 

forecasted, private investment is likely to be hampered. Planning decisions wiU 

thernselves have ramifications on future population change and movement. Whether and 

where a school is builf a highway extended or a capital facility is built, will al1 have 

implications for population change and structure. Perhaps the forecast calls for an 

undesirable future. Planning objectives might then centre around preventing this "most 

likely" f h u e  fiom occurring. 

This unique interrelationship between planning and forecasting makes certain 

types of forecast of value to planning. These types of forecast can be describes as pure, 

normative and contingency forecasts (Isserman l984a). 

Pure Forecmts: This forecast can be descnbed as the most likely fuhue in the absence of 

major unanticipated public or private initiatives. If this fiiture is deemed desirable, then 

the planning response rnay simply be action to facilitate this destiny. If the future is 

deemed undesirable then the forecast may serve as catalyst for planning initiatives to 

change it. 

Normative Forecas&: A normative forecast is sirnply the desired firme, whatever that 

may be. The definition of this desired fûture should evolve fiom the planning process 
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itself rather than king an utopian or elitist vision. The desired fiiture should be an 

attainable one. The normative forecast is usually accompanied by a plan stating how this 

desired funue is to be realized, or how the gap between the pure and normative forecast is 

to be bridged. If the plan is realistic, the normative forecast may become the most likely 

firture. 

Contingency Forecasts: These forecasts concem themselves with possible futures, 

including the highest and lowest plausible population levels (Kefltz 1 972). The 

emphasis is on the perceived probability of a future scenario occurring. Planning 

concerns itself with the management of the potential consequences of this future scenario. 

Planning responses to contingency forecasts will Vary. Sometirnes, plans may be 

created that are flexible enough to deal with the uncertainties generated by the forecast. If 

circumstances suggest that a plausible population level for a given area might be 

considerably larger than its most likely level then plans may be designed to accommodate 

this fact. For instance, a sewage treatment plant may be designed so that enlargement of 

the facility can easily be done to s e ~ c e  an enlarged population if need be. If a set of 

contingency forecasts suggest too much uncertainty about the future, then planning 

actions may revolve around t q h g  to reduce this uncertainty. Thus, contingency forecasts 

may be accompanied by contingency plans. In fact, it is possible to conceive of a set of 

normative contingency forecasts portraying a desired fbture, which c m  be attained under 

certain circumstances and conditions (Isserman & Fisher 1977). 
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There is a hierarchical relationship between these forecasts. Baseline projections 

of current trends or rates provide insight into those factors af5ecting population change. 

Pure and contingency forecasts evaluate alternative sets of assumptions by building on the 

methods and data of the projections. Finally, the normative forecast involves the fidl 

planning process to spell out planning and policy actions that will change the population 

levels forecasted in the previous stage. As Andrew Isserman (as quoted by William 

Ascher, 1978, p 2 13) puts it, '%rom an analytical standpoint the three stages are 

succeedingly more demanding, but not necessarily more technical. In fact, the set of 

participating acton broadens with each stage, and the need for non-technical 

considerations grows. Projections can be prepared by a Ione analyst with the requisite 

technical skills, but normative forecasting will not be domlliated by technicd specialists 

in forecasting" 

The Widespread Use of Projections 

Even though forecasts are often warranted and appropriate, plannnen often use 

projections rather than forecasts. This occurs as a resuit of the analyst's penchant for 

using a projection and the user's need for a forecast. Plamers and other users are apt to 

simply treat the projections as if they were forecasts: "The calcdation of future 

population presented as an innocent (indeed tautological) projection by its author, is 

accepted as a prediction by the reader" (Keyfitz 1972, p 730). Projections are 

predominantly used in various institutional settings and j d c a t i o n  for their use is 
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usualiy centred on the following reasons. 

1 .  Demographers do not Iike fo forecast. Demographers point out that projections do 

not err (except for technical rnistakes, poor data, or emors of computation). If the 

projected level did not occur, it is because the assumptioos did not hold. Since the 

demographer does not claim the assumptions are set in stone, then helshe cannot be 

faulted. In the words of an eminent demographer, demographen "protect themselves by 

ca lhg their work projections. That puts the responsibility for applying them as though 

they were forecasts where it belongs - with the user" (Kefltz 198 1, p 730) 

2. Many agencies lack even aprojecfion capobility. Many agencies do not have the staff 

capability of making projections or far less forecastç. They are u s d y  grateful and 

relieved to obtain any 'future' numbers from a respected source. Therefore, the 

projection may be accepted and used as a forecast simply because it exists, not because 

the agency selected it as portraying the most likely future after careful evaluation of 

several alternative projections. Typically, analysts argue that users do the forecasting, 

and users believe that they are merely using the analyst's forecast (when the more 

accurate interpretation would be that they are using the aaalyst's mere projection) (Engels 

1978). 

3. Preparation of projections is safer. Analysts who project past trends into the future 

may be blamed for failing to anticipate fbture changes in the trends. That failure is not 

likely to damage a career, however, because standard, professional, scientific projection 

procedures were followed. In constrast, an analyst who forecasts changes in trends and a 
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most likely future, can be blamed "for going out on a limb, following hunches, or 

departing fiom conventional wisdom or established practce" (Wachs 1982, p 564). 

Therefore, it may seem safer to be more cautious and use a projection for the sake of 

presenring some professional integrity, even though a tme professional would be 

expected to provide a carefully evaluated, if carefully qualified, forecast. 

4. Projections appear profissional a d  scientzijic. Projections appear to be the objective, 

scientific result of a technical, professional effort. The use of cornputers, large amounts 

of data, the use of mathematical computation and ample demographic and economic 

jargon contribute to this aura. They imbue projections with an authonty not mented 

solely on technical grounds, but of value in the political process. 

5. Projections appear apolitical and not self-serving. Projections based on the 

assumption that rates or trends will continue are less likely to be regarded as "political" 

than are forecasts that incorporate changes in the rates specified by the agency staff. How 

the rates are changedadjusted may be considered self-serving and biased by those upset 

with the forecast. The process usually requires judgemental input which makes it much 

more difficuit to maintain the impression of technically correct, authoritative numbers. 

When the numbers are used to distribute funds they are iikely to be the subject of dispute. 

It becomes easier to reach a consensus if apparently neutrai projections are used, rather 

than giving any agency the power of making possibly self-serving forecasts. (Pittenger 

1980). 

6.  Projections can be prepared quickiy and mechanically. If a large number of 
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jurisdictions are involved, the advantage of a projection over a forecast becomes 

important. The resources needed to assess the assumptions underlying each fore- may 

not be available and the result is what Pittenger (1980, p 136) ternis a spansf-control 

problem: "Large numbers of parameters needing judgmental assignments mean that few 

populations can be forecast by a single analyst ... The option would be a large staff 

generating judgmental forecasts or a small staff making extrapolative projections." 

7. Projections may be the best forecasts. Statistical arguments exid in favour of 

projections. Under certain circumstances a projection based on currently observed rates 

or trends is the best forecast. As Isserman (1984q p 2 18) states, "If the d y s t  has no 

information regarding the future, is unable to choose among many alternative &es, or 

considers al1 possible fiitures equally likely, and if the expected value of the change in 

rates based on past data is zero, the projection incorporating no change in rates is the best 

forecast." It is also possible that, given large confidence intervals within a forecast, a 

projection would not be statistically different fiom the forecast. It would therefore, not be 

worthwhile undertaking the forecasting effort. 

These reasons are not to be taken as conclusive evidence for the use of projections over 

forecasts, but rather to point out that projections are widely selected and used by plannen 

and other agents over forecasts. Since projections are so popular in many circles, the 

evaluation of their performance and ultimately their worth in planning for friture 

communities is paramount The aim of this study is to take a step in answering this 

question. 
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Chapter Three 

CMHC's Potential Housing Demand Model -An Overview 

Introduction 

CMHC's Potential Housing Demand Model or PHD Model (PHD) was developed 

for Canada Mortgage and Housing Corporation in 1988 by Tetrad Computer Applications 

Limited. The model is a cohort-component projection model and its calculations are 

essentially driven by a sophisticated demographic accounting h e w o r k  (see Chapter 1). 

The PHD Model is a demographically-driven model designed to calculate the projected 

growth in the number of new households formed in a given penod of t h e .  New 

howholds that are formed will require shelter, which must be found in the housing 

market. Therefore, new household formation provides the basis for projected demand of 

new homes in the housing industry. The aim of the model is to project potentid demand 

for new housing arising tiom net household formation. Projected demand is solely 

dependent on the projected growth in the nurnber of households. 

The mode1 does not project demand arising fiom non-demographic sources, such 

as the need to replace units lost through demolition, conversion, and abandonment (net 

replacement demand), nor does it make ailowance for a "normal" level of vacant units. 

Al1 projections are produced on a census year basis; i.e., projections refer neither 
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to the beginning nor to the end of a given calendar year, but rather to June 4 of that year. 

Rojected flows cover the twelve month period preceding June 4 of the stated year. The 

model projects twenty-five years beyond the most recent census year. 

Key to the model is the base population of a given community. Knowing the 

population structure and specific characteristics such as the death or survival rate, births, 

and migration into and out of the chosen population, allows for a projection of future 

population growth. Following this projection of the future size of a given population, it is 

then possible to estimate how many new households will have been created by projecting 

the same family and housing characteristics that have histoncally prevailed. To illustrate, 

the tendency of a family or non-family individual to head a household at a given age, or 

the headship rate in statistical terms, can be related mathemathically to the projected 

future population. So too can family proportions and the propensity to rent or buy a 

home, as well as the type of home people choose to live in. These characteristics of the 

population in question are derived fiom the Census and serve as the basis for £hure 

potential housing demand when combined with a projected population. The PHD model, 

like many dernographically-based rnodels, can only use curent population structure and 

characteristics and then project them forward. Thus, it is of course limited to the curent 

state in its creation of a fuhue one; it cannot predict changing trends and new ernerging 

attitudes. 
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Potential versus Actual Demand 

The PHD model specifies poteniid demand, as its title suggests. Actual housing demand 

in the community, that translates into housing starts activity, can be conceptuaiized by the 

following equation: 

Actual Demand = (potential demand) + (the need to replace lost unie through dernolition, 

conversion or abandonment) - (excess vacant units) 

Simply stated, to arrive at actuai demand, one must consider the need to replace lost stock 

minus excess vacant uni&. Here, 'excess' refers to vacant units above the generally 

accepted vacancy level of one per cent. Theoretically, these excess uni& would be taken 

up before new construction would occur. This distinction between potential demand 

(based on household growth) and actuai demand should be kept in mind, as it will be 

pertinent when evaluating mode1 performance in chapter five. 

The Operation of CMHC's Potential Housing Demand Mode1 

The overall PHD system of models is composed of three main components: 

1) A population projection model, 

2) A household projection model, 

3) A potential housing demand projection model. 

Each component provides for the selection (loading) of data from files. Once loaded, some 
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of the data may be manipulated (edited). Results may be viewed on screen, saved on 

disk or printed. 

Figure 2.1 

Overview 
Potential Housing Demand Projection Model 

Inputs: Inputs: 
Base Population Data Projected Population 
Survival Rates (Deaths) Historical8 Projected Headship 
Fertllity Rates (Births) Rates 
Net Migrants Historfcal & Projected Family 

Proportions (optional) 

Output: Output: 
Projected Popuiaff on Projected Households by Type 

and Family Type 

Inputs: 
Projected Households 
Historical and Projected 
ûwnership Propensities 
Historical and Projected 
Owelfing Choice Propensities 

Output: 
Projections of 
PotentialDemand by Tenure 
and ùwelling Type 

Source: Potenfial H o ~ i n g  Demand Projection Mode! - User Mamal (1 993) 

Figure 2.1 depicts the basic structure of the overall model. Once the base populaîion is 

input dong with survival and fertility rates, as well as net migration, the projected 

population can be denved, up to 25 years into the future. This projected population serve 

as the input for the next main component of the model, household projections. Kistoricai 

census year family and non-family headship rates will be projected forward on the 
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population generating projected famiiy and non-farnily households. Projected family 

households can be m e r  broken down by family type: couples with children, couples 

Figure 2.2 

Population 
Projection 

Household 
Projection 

Family Type 
Projection 

-- 

Projected 
Population 
by 
Age & 
Sex 

Projected 
Family 
Households 

. 
Projected 
Non-Family 
Households 

Couples 
without 
children 

Couples 
with 
children 

Lone 
Parent 
Households 
Multiple 
Family 
Households 

Projected 
Non-Family 
Households 

Tenure 
Choice 
Pmjecfion 

C Owners 
C Renters 
CC Owners 
CC Renters 
LP Owners 
LP Renters 
MF Owners 
MF Renters 

Non-Family 
Owners 

Non-Farnily 
Renters 

D welling 
Choice 
Profecfian 

Family 
Households 
by 
Tenure 
and Dwelling 
Type 

- 

Non-Family 
Households 

by 
Tenure 
and Dwelling 
Type 

Source: Potential Hotrsing Demand Prajeciion Model - User Mamal (1 993) 

without children, lone parents and multiple farnily households using historical 

family-type proportions. These detailed family and non- family household projections, in 

turn, serve as the input for the demand model, providing the bais  for tenure projections. 
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The demand component of the mode1 uses historical census year ownership 

propensities by household type, as weli as histoncal census year dwelling choice 

propensities by tenure and household type, to generate the final potential demand by 

tenure and dwelling type. Figure 2.2 graphically illustrates the various projections and 

their sequential flow. 

It is important to rernember that ody population projections and subsequent 

household projections affect the magnitude of overall demand projected. It is the 

absolute growth in the number of households projected -net household formation &at 

determines the number of additional dwelling units required to satisfy dernographically 

based demand. Projections of farnily type proportions, ownership propensities, and 

dwelling choice propensities affect the tenure and dwelling type composition of projected 

demand, but not the overail level. Thus, population, particularly net migration, and 

household projection assumptions (headship rates), are the crucial elements in projecting 

overall demand. 
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Population Projection 

This component projects population by age and sex. The calculation is based on the most 

recent census popuiation, which forms the base popuiation for the projection. The base 

popuiation is adjusted using assumptions about deaths, fertility, and migration to produce 

Figure 2.3 

l 
l 

Potential Housing Demand Projection Mode1 
Population Projection 

Historical (Base) Data Base Census Population I 

7 

t Survival Rates 
Projected Input Data ! Ferülity Rates 

I 

Output 

i Net Migration 

j Projected Population 14 1 

Source: Potenrial Houifing Demand Projection Moàel - User M a d  (1993) 

a projected population (see figure 2.3). These assumptions may be edited by the user but, 

once chosen, remain constant over the projection period, except in the case of migration 

which cm be adjusted in any manner over the projection period. The mode1 projects 

population by single year of age (0-9û+, 91 groups) and sex. The basic method consists 



The Theory & Fracfice of Forecastlng in P i m i h g  - A  Case St@ Andysk Page 3 7 
-- 

of multiplying the starhg population by age-specific and sex-specific Suntivai rates 

(determines the number of deaths during the year for each age-sex group) to project the 

population suMving a given tweive month period. The number of births are then 

calculated by applying constant fertility rates to female age-group cohorts. The net 

number of migrants projected for the same period, a total that may be either positive (in- 

migration) or negative (out-migration) is added to the surviving population to produce the 

projected population. The model uses a different set of Survival rates for each projection 

year to reflect expected changes in life expectancy. The calculation creates three new 

tables: 

1) Projected Population - by single year of age and sex, 

2) Aggregated Projected Population - by five year age group and sex, 

3) Components of growth - births, deaths, naturai increase, in-migration, outmigration 

and net migration. 

Projected population results are saved for use in the household model. 

Population Proiection - Sumrnary of Matrix Sizes 

A. Fertility Rates - 7 elements 

Constant age-specific rates. 
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B. Survival Rates - 4,600 elements 

92 constant rates * 2 sexes * 25 projection years (91 age groups, but two Survival rates 

are needed to project the 9W group). 

C. Projected Net Migration 9,200 elements 

2 migration streams (in & out) * 92 groups * 2 sexes * 25 years. 

D. Projected Population - 4,550 elements 

9 1 age groups * 2 sexes * 25 years. 

Re~uired Historical Data 

E. Base (Census ) Population Data - 182 elements 

9 1 age groups * 2 sexes. 

Household Projection Model 

The Household Projection Model projects family and non-family households separately, 

thus permitting formulation of different assumptions regarding trends in the formation of 

each type of household. The mode1 is divided into two parts of which one is optional: 
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Potential Housing Demand Projection Model 
Household Projection Flowchart 

Historical (Base) Data Projected Input Data Output 

Historical Census 
Year 
Family & Non-Famil 

: Headship Rates 

j Projected 1 
j Population 1 

Headship Rates 

i Projected 1 

: Historical Census 
i Year 
: Family Type 
: Proportions ; TY pe 

: Proportions 

Projected 
Non-Family 

, Households 

Projected 
Fam ily 
Households 

Couples wth 
Children 1 

I Children 

Lone Parents 

Multiple-Fam ily 
! Households 1 

Source: Potentiai Housing Demand Projection Model- User Munual (1 993) 

1) The mode1 projects family and non-family households. Calculations apply projected 

headship rates to projected population values. Historical family and non-family headship 

rates can be used or, alternatively, projected headship rates can be inputted directly by the 

user. 
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2) Optional. In the second part, family proportions can be used to split projected family 

households into couples without children, couples with children, lone parents, and 

mult iple-fdy households. New family proportions may be specined directly, or 

dternatively, historical proportions can be used. 

A headship rate represents the probability that a member of a given age group will head 

(maintain) a household of a given type (farnily or non-family). Historical headship rates 

are the ratio of household heads in an age group to the population of that age group. 

Net household formation is computed as the difference in the number of households in 

successive years. The calculation mates three new tables: 

1) Yearly surnmary of projected households - by household type, total households and 

average household size by year, 

2) Net household formation - by household type and totai households, as the difference in 

the number of households in successive years 

3) Net household formation by age group - by household type and total households by 10 

year age groups 

Household projection results are saved for use in the potential housing demand projection 

model. 

Household Proiection - Summarv of Matrix Sizes 

A. Projected Headship Rates - 650 elements 
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13 age groups * 2 household types * 25 years 

B. Projected Family Reportions - 700 elements 

7 age youps * 4 family types * 25 years 

Reauired Historical Data 

C. Histoncai Headship Rates - 130 elements 

13 age groups * 2 household types * 5 years 

D. Histoncal Family Proportions - 140 elements 

7 age groups * 4 household types * 5 years 

Potential Housing Demand Projection Model 

The Demand Model is divided into two parts: 

1) The mode1 splits projected households into owner and renter groups by applying 

projected ownership propensities to household projections, 
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Potential Housing Demand Projection Model 
Potential Household Projection Flowchart 

Historical (Base) Data Projected Input Data Output 

i Historical Census 
Year 

1 Family & Non-Fami 
; Headship Rates 

I 

: Projected 1 
Population 1 

8  on-~amily 
; Headship Rate 

Projected 
Family 1 

: Historical Census 
i Year 
; Family Type 
: Proportions ! Propoiüons I 

Projected 
Non-Family 
Households 

Projected 
Fam i ly 
Households 

Children 

Children 

Lone Parents I 
Multiple-Family 
Households 1 

Source: Potentid Housing Demand Projection Model - User Manual (1 993) 

2) The mode1 dso distributes projected household tenure groups among four dwelling 

types: single detached homes, aparûnents, other multiples and moveable dwellings. The 

calculation applies projected dwelling choice propensities to projected household tenure 

groups. 
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Both ownership and dwelling choice propensities may be based on historical data or 

specified directly by the user. 

Potential demand is computed as the dinerence in occupancy by tenure and dwelling type 

in successive years. The calculation creates four new tables: 

1) Projected Tenue Choice - by household type and ten year age group, 

2) Projected Dwelling Choice - by tenure, household type and age group 

3) Aggregated Projected Dwelling Choice - by tenure and household type, 

4) Potential Demand - by tenure and household type and as  the difference in occupancy in 

successive years. 

Demand Projection - Sumrnarv of Matrix Sizes 

A. Projected Ownership Propensities - 1,750 elements 

7 age groups * 5 household types * 2 tenure choice * 25 years 

The five household types include non-family households and the four types of family 

households. 



î l e  Tliewy & P r h e  of Forecasting in Planning - A  Case St@ Anaiysis Page 44 

If tenure choice is projected for non-family and family households (i.e. not by detailed 

f d y  type), the ske of the matrix shrinks to 700 elements (7 age groups * 2 household 

types 2 tenure choices * 25 years) 

B. Projected Dwelling Choice Ropensities - 1200 elements 

3 age groups * 2 household types * 2 tenure choices * 4 dwelling types * 25 years 

Reauired Historicd Data 

C. Historical Ownership Propensities - 420 elements 

7 age groups * 6 household types * 2 tenure choices * 5 years 

The six household types include non-family households, total family households, and the 

four farnily household types. 

D. Historical Dweliing Choice Propensities - 240 elements 

4 dwelling types * 3 age groups * 2 household mes * 2 tenure types * 5 years 
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CMHC's PHD Model is a cohort-component model using a demographic accounting 

hnework to calculate net household growth which is synonymous with potential 

housing demand. The model comprises three main components. The population 

projection is calculated f m t  and serves as input for the household projection component. 

Similarly, the household projection model output serves as input for the potential housing 

demand component. The final output is projections of potential housing demand by 

tenure and dwelling type. 

1 Major Strengths and Weaknesses of CMI;C's Potentid Housing Demand Model 

1 Strengths 

Performs nurnerous caiculations extremely 

quickly, keeing the analyst fiom this 

tedious task. 

Once the parameters of the model are 

I understood, the core assumptions inherent 

Requires numerous detailed data sets to 

perform the projections. 

Requires some knowledge in demographics 

and housing characteristics to interpret and 

judge the output / projections. 

Changing projected trends nom beyond the 

base year requires in-depth knowledge of 

demographics and housing characteristics 

and their interaction. This will be beyond 

the scope of most users. 
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Strengths 

Allows for îrend projections within the 

forecast horizon on headship rates, famüy 

proportions, ownership propensities and 

dwelling choice propensities. 

1s a theoreticaily complete demographic 

accounting system that accounts for 

potentiai housing demand (i.e., output from 

one component of the model serves as input 

for the next component.) 

- - 

Fertility can be projected fkom the base 

value and year only. No trend projection of 

fertility is possible 

Major Strenghs and WeaRnesses of CMBC's PotentM Houruig Demand Model 

L 

Trends established in one component of the 

model (either by the base data itself or by 

the analyst at their own discretion) wili be 

passed on to other components within the 

model that are dependent on it. ïherefore, 

the final projection of potential housing 

demand becomes sensitive to trend 

assumptions and projections earlier in the 

model. 
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Chapter Four 

Methods of ProjectiodForecast Appraisal 

As discussed in Chapter one, the use of projections in planning and in the social 

sciences generally is widespread. Therefore, the question of their merit, especially vis-a- 

vis forecasts is signincant. Although this is tme, ''there are few available studies of the 

accuracy of population projection methods," (Smith 1987, p 1 89). Nevertheless, there 

have k e n  relatively recent attempts to shidy this question by researchers such as William 

Ascher, Andrew Isserman, Norbert Oppenheim and Micheal Stoto. 

These researchen generally agree that complex models have unique properties as  

not just projecting but forecasting tools. Multiple, interconnected propositions (outputs 

of one become inputs of another, or solutions must satisQ seveml propositions or 

equations sirnultaneously) can explicitly and systematically express muhial causation, 

feedback phenornena, and other intricate relationships. The question is whether these 

properties can be hamessed to improve prediction and explanation. As Oppenheim 

(1980, p 96) states, "To some extenf this potential can be revealed by the performance of 

a model. In addition, we may also consider the logical and structurai properties of 

complex models and evaluate those properties with respect to the task of forecasting." 
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Although the appraisai of a forecast performance is clearly warranteci, there are 

many performance criteria that could be considered relevant. Thus appraisal is dinicult 

The choice of appraisal standards iç difficult because there are multiple, and sometimes 

contradictory, goals of forecast formulation and use. For example, perhaps the goal is 

one of technical sophistication, whereby methodological elegance is an important 

criterion Or perhaps it is one of sensitizing policy makers to fiture opportunities or 

dangers, in hopes of enhancing the decision making process, whereby accuracy of the 

forecast is not the chief concem. The goals of forecasting will Vary according to the 

acton in the process and their particular perspectives. Therefore, it is cntical to identie 

the contextual goals of forecasting, to arrive at relevant, appropriate performance criteria. 

From a policy maker's perspective, the primary utility of the forecast lies in its 

comprehensiveness and comprehensibility and, most importantly, in its accuracy. When a 

policy or decision is formulated, the contribution of the forecast lies in its credibility and 

authoritativeness. The forecast serves as "intelligence" for the policy analyst. As an 

information source, it is quite obvious that accwcy is paramount. Although there are 

many possible cnteria to consider when judging forecasts, from the perspective of 

informing the decision making process, accuracy remains critical (Ascher 1975). 

Accuracy as the prirnary criterion of apprarSaI 

Since accuracy is only one possible masure of performance for forecasting, why 

choose it over other criteria? Lndeed, critics wodd point out that forecast accuracy is an 
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incomplete appraisal of its worth and consequences. This seems true enough, but the reai 

question becomes one of a s h g  whether other cnteria can be applied to the appraisal of 

forecasts. In considering the general performance of forecasting, the accuracy criterion 

must be ernphasized since the potential for reaching a general conclusion regarding other 

critena is very iîmited (Ascher 1979). These limitations involve both problems of 

measurement and problems establishing what factors or methods lead to "good" forecasts. 

Problems of measurernent simply point to the fact that other relevant 

characteristics of forecasts - comprehensibility, perniasiveness, usefulness, 

authoritativeness, provocativeness, importance, etc., pertain to the unmeasurable or 

unobserved impacts of the forecast on an audience. The impact of a forecast cannot be 

ascertained without exhaustive consideration of the context within which it was made. 

This is much less true of a forecast's accuracy, which c m  be calculated more or less 

independently of the context in which it is made. Equally, the importance of forecasts in 

a given decision-making process is difficult to estimate, as policy makers are exposed to 

numerous sources and pieces of idormation that influence them in various and complex 

ways. Not only is there the problem of detenninuig how much conscious attention is paid 

to forecasts, but there is also the problem of determining whether, or to what extent, 

forecasts are discounted if they clash with the policy analyst's intuitive beliefs about the 

future, or about what proper policy should be regardless of what the forecasts implies for 

the validity of such policy. These difficulties apply to appraising al1 aspects of a forecasts 

impact. 
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The use of accuracy as the main criterion for appraising forecasts can be strongiy 

defended directiy fiom the policy making perspective. In terms of rational planning7 

planners adopting this paradigm would generally agree accuracy improves decision- 

making capability (Ascher & Overholt 1983). In fact, accuracy for its own sake, is a 

priori usefbl for rational decision-making. Forecasters themselves view accuracy as an 

asset because the utilization of forecasts requires, at a minimum, credibility. No forecast 

couid be considered worthwhile, if it is not perceived as credible and thus persuasive 

(Ascher & Overholt 1983). 

The above noted considerations provide a strong case for the use of the accuracy criterion 

and can be summed up as follows: 

1) There are numerous possible criteria by which a forecast can be legitimately appraised. 

2) Accuracy is one of the major criteria to appraise forecasts. 

3) Other criteria are characterized by king heavily context and audience dependent. 

Therefore, these critena are inherently more difficult to study objectively. 

4) Forecasters and policy makers consider accuracy paramount to forecast usefulness. 

5) Accuracy is the only major cntenon that can be applied to many forecasts, and for 

which general propositions about the impact of various factors on forecast performance 

can be made. 
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The challenge of evaluating the accuracy of specinc forecasts requires some means of 

identifying and testhg the relevance of various characteristics of the forecast formulation. 

But which characteristics? Aimost al1 researchers have adopted an empincal approac h 

that considers relevant factors such as the basic scientific information and techniques at 

the forecaster's disposal. The accuracy of the forecast is evaluated in terms of its 

theoretical coherence, which includes such elements as its logical consistency, the 

plausibility of its assumptions, the vaiidity of its techniques for that specific application, 

adequacy of the data, the biases likely to stem form the formal characteristics of the 

techniques, and the context of the trends themselves, etc (Ascher 1979; Oppenheim 

198 0). This approach limits the relevant factors to what a practising forecaster is likely to 

emphasize, i.e., characteristics of techniques and aspects of the context peaaining to the 

trends rather thun to the forecastingprocess itself: 

The ernpirical approach provides numerous potential correlates of accuracy or 

plausible connections between accuracy and the characteristics of a formal forecasting 

technique. In practice, these connections may or may not be relevant. They fa11 into two 

major groups: relevance of methodology and relevance of context. 

Relevance of Methodology 

The connection between methodology and accuracy should be examined. 1s the 

rnethodology sound in t e m  of technical considerations for producing an accurate 

forecast? What are the pitfalls in method that hamper or increase accuracy? Does the 
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method d e  clear what assumptions are king made? The present evaluation of 

methodological considerations touches upon four key areas: 

1) Adequacy of data; 

Does the data adequately describe the trend in question? Are there inconsistencies, gaps, 

outliers or other miscellaneous anomalies that could affect forecast out corne? 

2) The a priori vaiidity of the assumptions; 

Are the assumptions inherent in the mode1 valid for the forecast? Can they be identined 

and evaluated for impacts upon the forecast? How might these assumptions affect the 

robustness of the forecast? 

3) Potential biases that may stem from the forma1 characteristics of the techniques 

Do the forecasting techniques have built-in biases stemming fiom inherent 

characteristics? Can they be identified and dedt with? How will these biases affect 

forecast accuracy ? 

4) The context within which the trend(s) occur(s) 

What is the history of the trend? What is its stability and variability? Perhaps the nature 

of the phenomena underlying the trend may be relevant. 

Reievance of Con f a t  

The importance of contextual factors to the overall accuracy of forecasts and to the 

comparative advantages of various methods m u t  be considered. Do some factors make 
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the b d c  projection task inherently more dîf£icult? To what extent is the context at that 

moment more amenable to prediction by one method than by another? Three main 

contextual factors may be examined (Ascher 1979). 

1) Remoteness of the target date 

A forecast must account for the characteristics of a trend fkom the date the forecast is 

made to the target date. The longer the forecast period, the greater the chances that 

conditions affecthg the trend may change. Put another way, the certainty of prevailing 

conditions declines as the length of the forecast period increases. Therefore, the more 

remote forecasts are intrinsically more dficult and, in general, will be made with less 

accuracy . 

2) Structural stability 

Trends unfold in a "structure" that is characterized by the relationships of the trend to 

other factors. At any point in the,  the structure links the trend to factors that "cause" it, 

and hence can explain it. Therefore, an accurate characterization of the structure can 

account for and predict the trend. The real problem is that structures are not necessarily 

stable. As the structure changes, the former relationships that allowed prediction may not 

hold me. One activity may stili influence another but to a lesser or greater extent. Thus, 

structurai instability would presumably result in less certahty and accuracy for any 

forecast, regardleu of the method employed. Therefore, knowing the level of stability 

might help to estimate the Uely accuracy of available forecasts. 
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3) Complexity of the context 

Trends can be thought of as a "configuration" of factors thaî are complex and interactive. 

To the extent that other conditions and trends impinge upon the forecasted trend, it is 

more difficult to accurately specify the state or equilibrium of conditions and trends that 

will prevail at any fbture moment So, if the context of a trend is complex ( in the sense 

that many different factors have some bearing on its development) the task of taking into 

account dl relevant variables becomes much more diff?cult and therefore, the forecast's 

accuracy becomes more problematic. 

In summary, the evaluation of forecast accuracy appears to lie in consideration of the 

following : 

1) Logical consistency; 

2) Plausibility of assumptions; 

3) Validity of techniques. 

Generaily, investigators such as Ascher, Isserman and Oppenheim have evaluated 

projections in tenns of the correctness of their underlying theoretical assumptions as 

outlined above, and also in ternis of how close the predicted levels come to actud levels. 

Both are important. Inadequacies of theoreticai assumptions, if recognized by potential 

usen, may endanger the plausibility and hence the use of the projections. Inaccuracy 

detracts fiom the actual policy-making utility of the projection. Once the accuracy of a 

projection has been detennined, it constitutes a basic indication of the projection's 
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validity. Researchers such as William Ascher, Andrew Issemian and Norbert Oppenheim 

have expressed projection inaccuracy as the percentage of error of a prediction made in 

year X for the target X + t: 

actuai population in year X + t - predicted woulation in vear X + t / actual population in 

year X + t 

Ailowing t to equal five, ten, twenty or twenty-five years, will enable the projection to be 

compared for different time horizons. 

Past Research 

"The record of forecasting in geneml reveais much about the nature of forecasting 

and the nature of the world that the forecasts address. In addition, we may aiso 

consider the logical and structurai properties of complex models and evaluate 

those properties with respect to the task of forecasting." (Oppenheim 1980, p 96) 

The ASA-NBER b e y  

The Amencan Statistical Association and the National Bureau of Economic Research 

(ASA-NBER) sponsored an on-going survey that evaluates econometric models for short- 

terni (four to six quartes) forecasting. The method of evaluation consisted of comparing 

the level of error on a mean percentage basis for forecasts produced between 1968 and 
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1973 for the target y e m  of 1974 to 1978 and the a c t d  recorded level for quarterly and 

annual GNP changes. 

The ASA-NBER w e y  indicates that econometric models have not, and still do 

not, forecast quite as well as a judgmental approach relying on no explicit routines. A 

cornparison of a number of economic forecasting sources that considered forecasts 

produced h m  1968 through 1973 discovered judgmental forecasting efforts slightly 

outperformed econometric approaches for quarterly GNP, and were roughly even in 

forecasting annuai GNP changes (Su & Su 1 975). 

Victor Zamowitz cornpared annuai forecasts of real GNP and the inflation rate by 

MO econometric modelling operations - the Wharton and the University of Michigan 

models and two non-econometric sources, for the period of 1969-76. He concluded 

neither method was superior to the other (Zamowitz 1978). 

S tephen McNees considered annual forecasting for the 196 1-76 penod and found 

the same two non-econometric sources to be roughly equal in accuracy to several 

econometric operations - Chase Econometrics and DRI in addition to the Wharton and 

Michigan models (McNees 1 976). 

Andrew Isserman conducted an analysis of population projections for subcounty 

areas. The objective of the research was to document the level of accuracy of a number 

of commonly used extrapolative methods. Various extrapolation methods were used to 

simulate ten-year population projections for townships in Illinois and Indiana Census 

data fkom 1930 to 1950 were used to project 1960 populations, and data Erom 1930 to 
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1960 were also used to project 1970 populations. These projections were then compared 

to the actuai 1960 and 1970 census counts in order to estimate theu mean percentage 

errors as a memue of their accuracy. 

Extrapolative methods have been cnticized for their weak theoretical foundations, 

yet remain popular as a planning tool due to coossaints of data, t h e ,  b d s  and expertise. 

More than 35 hundred simulated population projections for 1960 and 1970 were made for 

most of the methods being tested. The simulated projections were then compared to the 

actual populations to measure percentage emrs and tendencies to over- or under- 

estimate. The results uidicated that extraplative methods may yield sufficiently accurate 

projections for many planning purposes (Isseman & Fisher 1977). 

Finally, a large retrospective appraisal of the forecasting record was conducted by 

William Ascher (1979). The forecasting record consisted of the following: 

US trends in population 

Energy demand (consumption of petroleum, elecûicity, and total energy) 

Transportation (airline passenger volume, general aviation fleet size, motor 

vehicle registrations) 

a Economic growth (real and nominai GNP Change) 

a Technology (cornputer capability and nuclea. energy capacity) 
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Ascher's appraisal consisted of comparing the prrdicted output in a given year to 

the actual record. Ascher expressed the inacclaacy of the forecasts as the percentage of 

error of a prediction made in year X for the target year, as cornpared to the actual value in 

the target year. 

The investigation reveded three geneml hdings consistent with the other 

previously cited .studies: 

1. Methodological sophistication contributes very Iinle to the accuracy of forecar; For 

instance, the introduction of more sophidcated methods in population forecasting, with 

the elaborate accounting divisions of components and cohorts, has not resulted in more 

accurate demographic forecasts. 

2. A forecest time horizon ir the strongest and most consistent correlate of ils 

accuracy; Though there are some exceptions, the general d e  is that the shorter forecasts 

are more accurate, often in a nearly iinear relatiomhip. 

3. Pust research points to the essential importance of the validity of core assumptions 

antecedent to the choice and appIican'on of meihods. Behind any forecasî, regardless of 

the method, are core assumptions bat  defîne the context within which the specific trend 

develops. These assumptions must remain valid for forecast accuracy, no matter what 

method of forecasting is used. 
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As stated in Chapter 2, the Potential Housing Demand model is a cohort- 

component model and its calculations are essentially dnven by a sophisticated 

demographic accounting Wework.  Certain assumptions in the model are manipulable 

by the user (e.g., migration rates, headship rates) to allow for judgemental considerations 

when creating projections. The model d o w s  for trend considerations on the part of an 

analyst so that he\she may move toward a forecast of housing demand, rather than just a 

projection. While this avenue of approach is open to the user of the model, most users 

will accept that past trends are a good baseline indicator of the fiiture and will want to 

know what hture housing demand will be given the most curent information. Also, in 

consideration of the complexity and elaborateness of the model, it is not readily apparent 

which trends may be susceptible to change and by what factor. Considering that most 

users will inevitably utiZize a straight fonuard projection as a baseline approach which 

will form the nucleus offuiure deliberafions, the present s ~ d y  is aimed at evahating the 

legitimacy of this projection. The investigation revolves around the "pure " model, Le. 

the mechanicul operation of the model insulatedfroni judgement. As Oppenheim (1980, 

p 100) states ... "the projection indicated as the most likely may be considered as if it were 

the unconditional forecast nestied among other conceivable but less likely possibilities. 

This most likely projection may then be evaluated like a standard unconditional forecast: 

retrospectively, by measuring the discrepancy of predicted trend fiom actuai trend." 
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There are two objectives to this research: 

1. To appraise the performance of the Potentiai Housing Demand Mode1 in a manner 

consistent with past research. 

2. To determine the performance of the PHD mode1 with respect to the following two 

general findings of past research: 

A) A forecast tinte horizon is the sirongesr and most consistent correlate of its accuracy. 

B )  The essential importance ofthe validity of the core assumptions. 

Method 

A case study analysis of the P H .  model has been conducted, consisting of the following: 

1. A historical projection simulation from 1971 to 1996. 

2. An evaluation of the projection based on accuracy, in tenns of: 

A) ïheoreticai assumptions/coherence 

B) A measure of the discrepancy of predicted dathend fiom actual datdtrend. 

Unique Issues 

Rather than using an historically made projection, historicd data was input into the model 

to run a simulation of an historical projection. This approach is not entireiy consistent 
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with a tme historical projection, since the migration scenario for the population projection 

was input fiom the actwi Statistics Canada record. This aüowed for a more accurate 

appraisal of the model, since n o d y  the migration scenario would be estimated. 

ûther Considerations 

Simulation also allows for another very important consideration. Namely, that the 

forecast is subject to amendment or a change in the parameters of the projection as a 

means of investigation. That is, certain factors or parameters of the model can be 

modified, and then projected once more, if the investigator wishes to explore certain 

facets and assumptions inherent in the model and how they may affect model accuracy. 

Many "runs" of the model under slightly different assumptions are possible as a means to 

gauge model accuracy. While this avenue of research is possible, this investigator has 

lirnited the scope to one projection in view of time and resource constraints. However, 

this method opens the possibility for other investigaton to builc! on this research effort, 

and to continue investigating the assumptions, factors or parameters within the PHD 

model. 
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Chapter Five 

A Case Study Analysis of the PHD Model 

A hr'storical forecm and its level of accuracy 

The evaluation of model accuracy is divided into three main categories that 

correspond to the divisions within the model itself. The first section deals with 

components of growth or the population projection. The second area deais with 

household growth which is synonymous with household demand. The third section 

concems itself with dwelling choice propensities - specificaily, the demand for single- 

detached homes and multiple-unit dwellings. 

1 Population Model - Components of Growth 

The population model is composed of four essential demographic characteristics. Those 

used in the simulation are indicated in parentheses. 

1) Base population: this is the population structure in a given jurisdiction by one year 

cohorts that is projected forward into the 25 year forecast period (Saskatchewan 1971 

base population - Statistics Canada, Cansirn Time Series). 
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2) Survival: this is the incidence of age-specific survival rates among one year cohorts to 

statistically d e h e  the swiving population (Saskatchewan 1986 Survival rates, Statistics 

Canada). 

3) Fertility: statistically describes the incidence of human reproduction among child- 

bearing females in their reproductive years (Saskatchewan 1971 Fertility rates, Statistics 

Canada). 

4) Net migration: denotes how many persons have left or come into the jurisdiction in 

question (Saskatchewan Net migration record fiom 197 1 - 1996, Statistics Canada). 

Population Projection Method 

The mode1 projects population by single year of age ( 0-90+ , total 91 groups) and sex. 

The basic method consists of multiplying the starting population by age-specific and sex- 

specific survival rates to project the population surviving a given twelve month period, 

and then adding in the net number of migrants proj ected for the sarne period, the total of 

which may be either positive (in-migration) or negative (out-migration) 

Population Results 

Figure 4.1 illustrates the PHD population projection against the actuai record fiom three 

authoritative sources (see Table 4.1 for detailed numerical output). As can be readily 

seen by the graph in Figure 4.1, the PHD projection dernonstrates higher population 
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PHD Population Projection vs Actual Record 
1971 - 1996 

1200 

1971 1973 1975 19n 1979 1981 1983 1985 1987 1989 1991 1993 1995 

+ RD Roj  + Stats Can + Sask fieaith + Census 

Source: CMHC. Statktiu Canada (Cat tSDDS3ôO4).Cmsus (Cat #MôS) 6 Ssrkatchmmn H d î h  (ISSN03195888) 

Year 

Table 4.1 
Detailed PHD Population Projection vs Actual Record 

PHD Per cent Population Per cent Population Per cent 
Population Change S m  Can Change Sask Heaiih Change 
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Year over Year Percentage Change 
P m  Plujeciion \s Sm-çtics cmada 8 Saskatchal Healtti 

values than al1 three other sources. Even as early as the next census in 1976 the 

population is 3.2 per cent higher than the Cansim time senes, and 1.5 per cent higher than 

the population record fkom Saskatchewan Health. By the end of the forecast penod in 

1996, the PHD projected population is 1 1.7 per cent higher than the Cansim time series, 

and 1 1.1 per cent higher than the Saskatchewan Health data In raw ternis, this amounts 

to 1 19,500 persons in the case of Cansim, and 114,500 in the case of Saskatchewan 

Health. If these additional people were taken into account for the creation of hture 

housing it would imply about 40,000 additional households above the tme population 

(average househoid size of 2.88). This amounts to a sizable discrepancy between actual 

population values and the PHD projected amouut. Figure 4.2 illustrates year over year 

percentage changes in the three streams. It is quite apparent that the PHD projection is 
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consistently poshilating higher per cent increases than the other two sources. Even when 

negative population growth is experienced, the PHD projection accounts for a smaller roll 

back thim the other two. The Saskatchewan Health data should be considered the most 

accurate record of population since yearly coiiected information is synthesized and 

published. This data source is considered the most reliable as births, deaths and 

transients are al1 captured as they actually occur within a maximum six month period. 

Figure 4.3 illustrates PHD projected births against the Statistics Canada record. Right 

from the beginning, the PHD projection overestimated the birth record. This is surprishg 

since the 197 1 fertility rate should have yielded a reasonable approximation of births 

eady in the forecast period. The growing discrepancy can clearly be attributed to a 
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Table 4.2 diminishing fertilty rate 

Fertility Rates per 1,000 Women by Age Groups 

r 

Year 

fiom 1971 to 1996. Births 

per 1,000 women in 

childbearing years dropped 

considerably in the 25 year 

forecast period a s  Table 4.2 

illustrates. Since the 

forecast assumes a flat rate 

Saskatchewan 

15-19 

of fertility, while in reality 

the fertility rate is diminishing, the outcome will inevitably be an overestimation of births 

over the forecast penod. One cm safely assume an andyst should account for this trend 

by considering the past behaviour of the variable and projecting a dimlliishing fertility 

rate over the forecast penod. While this may be mie, the PHD model does nor allow a 

change in input for this variable (apart fkom the base year). This is an odd oveaight 

given that the mode1 dlows most other variables of interest (e.g. headship rates, family 

proportions, dwelling choice propensities) to be changed dong any given year of the 

forecast penod. Perhaps the original creators of the model felt that this parameter would 

not likely change much nor substantially affect the output of the model. In any case, this 

remains an identified weakness in the model, based on the present research. 

40-44 

13.7 

3.7 

1971 

1996 

35-39 

42.8 

24.6 

20-24 

173.7 

110.4 

51.1 

45.4 

25-29 

165.7 

140.1 

30-34 

89.4 

84.6 



Deaths 
PHD Pqaection = Statistics Canada 

10 

While births were overestimated in the model, deaths were underestimated. Considering 

that the overall population level is higher in the PKD projection as opposed to the Cansim 

tirne series, deaths should be higher on that account aione. Rather, the estimation of 

deaths at the beginning of the forecast penod is about 1,600 deaths short, which graduaily 

increases to a deficit of about 400 deaths. Rather than the prediction becoming more 

accurate, the narrowing of the gap can be attributed to the overestirnation of births in the 

PHD mode1 leading to higher absolute deaths levels as the forecast period is extended. 
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Therefore, the PHD mode1 is simply underestimating deaths equally, ail dong the forecast 

period. The reason for this discrepancy is likely due to the use of 1986 Survival rates 

rather t'an 1971. Life expectancy woud have been lower in 1971 and therefore more 

deaths would have been anticipated. Therefore, using 1986 survivai rates would 

underestimate the number of deaths within the projection. 

Nufural Increase 

With births being overestimated and deaths king underestimated, it is no surprise that 

natural increase is well above that reported by Statistics Canada. Over the entire 25 year 

forecast period, naturd increase was overestimated by approximately 1 3 0,000 individuals 

or about 5,200 annuaiized. This large overestimation can be attributed to two identifiable 

reasom, already mentioned. Fht,  the fedlity rate dropped substantidly over the forecast 

Natural lncrease 
PHD Projection \ia Statistics Canada 

+ Fl-0 Nahtral hcrease + Stab Canada Natual h c # a s l  merence 
S m c  C W C  6 S l l b t i u  C u u d .  (Cit ISODSJ&C13 STC91-213) 
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period, and was not captured by the model, which led to a projection of births weli above 

the actuaI level. Second, deaths were underestimated for previously stated reasons. 

There is a third possible reason for the overestimation of natural increase and that is 

migration. 

Migration 

The net migration record as supplied by Statistics Canada was used in the model to 

largely elhinate this usually estimated or forecasted variable. Theoretically, this "true" 

record of migration should not be a factor in the projection, as it corresponds to the actual 

history of migration over the forecast period. In reality, we m u t  consider the possibility 

that the record is not entirely accurate, and that net migration values may have been 

different than what Statistics Canada reported. This is a factor that cannot be known for 

certain, but must be considered. For instance, if out-migration was higher at the 

beginning of the forecast penod than reported, those individuals that are actuaily gone 

will be considered to have births, which will subsequently infiate the level of population. 

Put another way, net migration affects the population level directly, so that errors have the 

capacity to skew the projected values substantiaily by the end of the forecast period. In 

thecase of the present projection, the assumption would be that net migration values were 

understated, or that more people left Saskatchewan than the record indicated, which 

would have inflated population values. However, this is speculative shce the birth and 

death rates themselves caused an infiationary population forecast that may account 

entirely for the overestimation of population. More projections would have to be run to 
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Year - 
1973 
1974 
1975 
1 976 
i 977 
1978 
1979 
1980 
1981 
1982 
1983 
1 984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

Grand Tot 

Table 4.3 

Births, Deaths & Natural lncrease 
PHD Projection vs Statistics Canada 

Births Natural Natural 
Births PHslalp an iffetencelnaease l ncrease Difference Difierence PHD Stats PH0 Stats Can 

Source: CMHC & Statistics Canada 

answer the question of net migration accuracy and the answer would likely be less than 

certain. For the purposes of the present study, net migration values fkom Statistics 

Canada are assumed to be accurate and to have no subsequent influence over projected 

popuiation levels. 
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II Household Projection Model 

The household projection model is composed of two essential and one optional 

demographic c haracteristics. 

1) Projected Population: this is the population structure in a given jurisdiction by one year 

cohorts, that was input fiom the population model. 

2) Headship Rates: represents the probability that a member of a given age group witl 

head (maintain) a household of a given type (family or non-family). The headship rate is 

calculated as the ratio of household heads in an age group to the population of that age 

group. (Saskatchewan 1971 Headship Rate - Statistics Canada) 

3) Family Proportions (optional): describes the proportion of family types - couples 

without children, couples with children, lone parent households and multiple family 

househo lds. (Saskatchewan 1 97 1 Family Proportions - S tatistics Canada) 

Household Projection Method 

Essentially, family and non-family households are projected by multiplying projected age- 

group populations by projected age-specific family and non-family headship rates. 
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Figure 4.6 

Households 
Census \n PHD 

500 O. 1 

Househoid Results 

Projected households generated by the PHD model were compared to the census record. 

The household demand model overestimated the absolute number of households as 

compared to the census record (see Figure 4.6). This is expected given the overestimated 

population projection used as input to generate the household projection. However, the 

PHD model did not overestimate the overall levez of houeholdr Zess accurately, ïzs the 

forecast horizon extended farther out, as it did in the population rnodel. 
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Household Growth 

WhiIe the absolute nrmiber of households gives us an indication of the modePs 

performance, the level of household growth as compared to the Census record is the 

factor of real interest since the primary use of the model is to obtain a projection of how 

many new homes wilI be required to satis& demographicaily-driven demand. 

The accuracy of the PHD model must be weighed against the census rather than the 

housing starts record, as this is a cornparison of household growth only. The housing 

starts record is a combination of household growth and the addition of stock to replace 

the deteriorated andor converted residential dweltings within a given penod, minus a 

nomal (1 %) level of vacant units. Therefore, housing starts are an indirect cornparison 

I Saskatchewan Household Growth 1 

U C e n s u s c l S t a r E p  

l~ourc3: Canais(Cat #95365). PH0 Modal. CMHC 
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1 Household Growth % Net Diflerence in Household 
Growth 

PHD to PHD to Census to 
Ceusus Starts Starts 

Record Record 

Source: Compiied by Author 
1 

requiring M e r  calculation and estimation. Housing starts have been included here to 

shed light on the historical relationship between housing starts and household growth in 

Saskatchewan within the last 25 years. The relationship beîween housing starts and 

household growth is a topic unto itself, and beyond the scope of this study. Figure 4.7 

i1Iustrates household growth for the PHD model, the Census record and the housing starts 

record for Saskatchewan from 197 1 to 1996. Table 4.4 gives the raw numbers and the 

percentage net difference between these sets of data. The £i.rst thing to note is that the 

PHD projected household growth and that recorded by the Census is similar. The total 

growth over the 25 year period (Table 4.4) is 101,928 in the case of the model, and 

1 08,175 in the case of the Census. Overall, growth was underestimated by 5.8 per cent by 

the PHD model in cornparison to the Census record. Both sets of data underestimated the 
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number of housing starts for the 25 year period recorded by CMHC - by 28.3 per cent in 

the case the PHD mode1 and by 23.9 per cent in the case of Census. 

The PHD model was 

closest in its 

prediction of 

household growth in 

the '7 1 to '76 period. 

Its wont period of 

prediction was d e r  

'76 to '81. The 

- - 

Performance of the PHû Projection of Househoid Growth 
% W f m c r - R O v r ~ L e ~  

L 

0.4 

I 

model either over- or under-estimated growth by about a quarter of its true value as 

recorded by the Census within a five year period. Over the 25 year period, the 

performance seerns reasonable, but it masks wide swings in its five-year predictive 

performance. The PHD model actually predicted a more accurate value for household 

growth for the entire 25 year penod than it did for any 5 year census period. 

III Dwelling Choice Propensity 

Dwelling choice propensity refers to splitthg projected households into owner and renter 

groups by applying projected ownership propensities to household projections. The 
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mode1 also distributes projected household tenure groups arnong four dwelling types: 

single detached homes, aparîments, other multiples and moveable dweilings. The 

calcuiation applies projected dwelling choice propensities to projected household tenure 

groups. 

To evaluate 

how the PHD 

model 

performed, the 

record of 

occupied 

private 

dwellings by 

strucîurai type 

and tenure was 

obtained for the 

period of 

Table 4.5 - Dweliinx Choice Pro~ensitv 

Saskatchewan 19'1' 1-1990 
Record % PHDrnodei ./e 

potal Dwellings 1023 IO 833 LU 
Owned 
Rented 
Band Housing 
Single-detached 
Owned 
Rented 
Band Housing 
cl partment 
Owned 
Rented 
Band Housing 
Movable Dwelling 
Owned 
Rented 
Band Housing 
Other dwellings 
Owned 
Rented 
Band Housing 
iource: S t 8 l l ~ i l ~  C.nidi(Cat d93-3 14) -0ccupied Privue Dwellings. 1991 - tO%Svnplc D u i  

construction nom 197 1 to 1990. The data fiom 199 1 onwards was not yet available at the 

time of this study. 

The data fiom Statistics Canada must be interpreted in light of the fact that homes 

constnicted within this period also replaceci deteriorated or converted housing stock, and 
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not simply housing stock based on housing demand deriving from household growth. 

However, one c m  assume that replaced stock still should have been subject to the same 

dwelling choice propensity as new stock In any case, the data obtained remain the ody 

method of evaluating tenure propensities by dwelling type identified by this researcher. 

The PHD model performed remarkably weil when forecasting dwelling choice 

propensity. When considering total dwellings by tenure, the P H D  mode1 projected 68.4 

per cent level of ownership, with the balance king rented. n i e  record obtained fiom 

Statistics Canada reported a 66.9 per cent level of ownership and 30.4 per cent level of 

rented accommodation with the balance being in band housing. This amounted to a 

discrepency of 1.5 percentage points for ownership and 1.2 percentage points in the case 

of rental. 

The one exception was the instance of "other dwellings" where the mode1 overestimated 

the percentage of owned dwellings and underestimated the amount of rented dwellings by 

about seven per cent. In the case of apartment type, the model predicted the dwelling 

choice propensity one hundred per cent correctly. 

The high rate of forecast success for dwellings choice propensity is largely due to the fact 

that dwelling choice propensity is one the more stable aspects of housing stock 

characteristics (generally a third of the market will be rented tenure while the remaining 

two-third will be ownership). This is probably especially true over the longer tem. The 

nineteen-year period considered in this study support that assumption. 
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Chapter Six 

Conclusions & Sultunaîy of Findings 

Projections and forecasts play an essentiai role in everyday planning practice. 

Planners are counted upon to analyze and to predict friture trends. There have been a host 

of differing methods developed over the years to address the need for predictions in city 

plaruiing. Some methods are more technically sophisticated than others and are thought 

to generate more accurate forecasts due to a more theoretically comprehensive approach. 

Studies evaluating the performance of forecast do not support that hypothesis. Rather, 

their performance was found to be dependent on Iength of forecast horizon and the 

validity of the core assumptions Uiherent in the model itself. 

The performance of Canada Mortgage and Housing's Potential Demand Mode1 

was largely consistent with the findings of past studies evaluating forecast performance 

by such authos as Andrew Isserrnan, Norbert Oppenheim and Willian Ascher. As 

described in chapter two, the essence of the cohort-component model is applying the 

correct rates to the number of people in each cohort. This type of projection makes clear 

what is being assumed. However, the model has no inherent theories about the 

determination of those rates. Once again, these rates, which are the essence of what the 

model will ultirnately predict, must be decided upon by the analyst. In a model like the 
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PHD, there are many rates to consider and it is not straightforward or easy to decide upon 

the hture value of those nites, even by the most seasoned and experienced anaiyst. 

This study concerned itself with an evaluation of one baseline projection rather 

than an evaluation of many projections and forecasts as was the case in past research. 

The rationale of evaiuating one projection in detail rests in the fact that users will 

inevitably generate this mechanical projection, even if it is only as a first approach. 

Considering that the use of projections is widespread (see page 24), the performance of a 

baseline projection becomes critical. However, few studies have k e n  conducted in this 

regard. 

The appraisal of CMHC's PHD mode1 was consistent with past evaluative efforts 

and centered on two key aspects: forecast accuracy and theoretical coherence. Accuracy 

and those theoretical assumptiom that detract fkom or enhance accuracy are emphasïzed 

by past research literature. The criterion of accuracy is strongly defended fiom the policy 

making perspective. Projections and forecasts are generated as useful tools to glimpse the 

future. Therefore, the credibility of these tools are crucial to substantiate improved 

decision-making capability. No forecast could be considered worthwhile, if it was not 

perceived as credible and thus persuasive. This study serves as a initial glimpse into an 

important question for city plannea. Namely, to what degree can mechanical projections 

be relied upon in planning fùture communities? What follows is a summary of the 

findings which represent a step in anmering this important question for city planners. 
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Suntnray of Findings 

The case study andysis of a simdated histoncal projection of CMHC's Potential Housing 

Demand Mode1 (1 971 - 1996) for the province of Saskatchewan reveaied the following: 

1. The population of Saskatchewan was overestimated for the projection period. 

This population overestimation grew larger as the time horizon grew more distant. 

Therefore, this substantiated the following past research finding: a forecm time 

horizon is the strongest and most conristent correlate of its accuracy. 

2. The overestimation of population was largely attributable to the fertility rate 

assurnption. The 197 1 fertility rate was projected throughout the forecast period. 

This rate fell considerably within this period, leading to an inevitable 

overestirnation of births and population growth. Consistent with past research this 

demonstrated: the essentid importance of the val ide  of core ossumptiom- 

3. The household demand model overestimated the absolute amount of dwellings as 

compared to the census record. This was expected, given the overestimation of 

population growth. However, the PHD model did not overestimate the overall 

level of householdF Iess uccurately as the forecast horizon extended fmther out. 
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4. Over the entire 25 year projection penod, household gmwth was underestimated 

by 5.8 per cent by the PHD model in cornparison to the Census record. The five- 

year predictive performance of household growth demonstrated moderate over- or 

under-estimations. In con- to past research: the PHD rnodel actunll'y predicted 

a more accurate value for househoid growth for the entire 2 yem period than it 

did for any yem c e m  period 

5.  The PHD model performed remarkably well when forecasting dwelling choice 

propensity. When considering total dwellings by tenure, the PHD model 

projected 68.4 per cent level of ownership, with the balance being rented. The 

record obtained fiom Statistics Canada reported a 66.9 per cent level of ownership 

and 30.4 per cent level of rented accommodation with the balance being in band 

housing. This arnounted to a discrepancy of 1.5 percentage points for ownership 

and 1.2 percentage points in the case of rend. 

Some Refiections on the Study 

As previously stated, the case study was largely consistent with past research evaluating 

forecast performance. The most prominent finding in this case study analysis of the PHD 

model was the inability to project a fertility rate trend over the forecast period. The 

validity of this assumption becomes apparent to forecast accuracy over longer time 
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horizons. The inability to account for a changing fertility rate detnicts fiom the 

theoretical coherence of the model, since fertility rates have shown marked change 

between census penods. Therefore, assuming the rate will not change over the forecast 

penod of twenty-five years is clearly unwarranted, and should have been addressed in 

mode1 development However, it remah that for a city planner interested in using the 

PHD model, the output of the model must be interpreted in light of this reality. If the 

fertility rate is expected to drop during the forecast period, then an overestimarion of 

population will occur, ultimately affecthg final household demand. Likewise, an under- 

estimation would occur if the fertility rate was expected to increase over the projection 

period. Further study of the model might address the sensitivity of output in relation to 

fertility rate assumptions, that is, how much change in fertiIity rate affects overall 

population levels. This wodd shed light on the adoption of specific rates when departing 

fiom a baseline projection, and how it would ultimately impact the population levels and 

household growth. However, it remains that when a planner or analyst uses the model, 

even if only for a baseline projection, the fertility rate assumption must remain the same 

over the projection period. This d l  always be problematic when using the model since 

in reality the fertility rate will ahos t  certaidy change. 

This case study illustrated one of the most common aspects of, and ultimately the 

problems with projections and forecasts. No matter how the model quantifies and 

concepniaiizes the world, the assumptions inherent in its workings are key; they are the 

cornerstones on which the model is built and fiom which it derives its ability to 

projectfforecast. Therefore, the Ievel and trend of those rates must be decided upon to 
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amve at a fuhire pi- of the variable of interest This is always open to varied 

interpreîation and ultimately, user judgement will be the driving force. At the forefiont, it 

must be kept in mind that these models are really only a tool aliowing pianners to 

formaiize and extend thei. judgement; they cannot be perceived as providing a concrete 

recipe for glimpsing likely fiiture scenarios. 

The distinction between projections and forecasts discussed in this praticum have 

implications for professional planners. Planners are expected to provide professional 

judgments on often difncult questions or issues. This study highlighted that the use of 

technicai projections, which can be done solely by a technician, may fdl short when 

estimating f h r e  values. As professionals, plamers m u t  consider contextual factors in 

addition to solely technical ones and move towards generating a forecast, rather then 

simply relying on projections whose assumptions remain hidden and unscrutinized. 
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