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Abstract 

The prairie provinces of Canada contain regional economies where forestry is the major 
economic activity. despite province-wide dominance by other sectors. These regions contain 
communities which are dependent primarily on forest resources for their economic and social 
well-being. Resource dependent communities have particular problems which are lacking in more 
diverse economies . These potential problems include instability. risk of mass unemployment. 
limited job mobility and limited amenities . This study identifies forest dependent communities 
and investigates the welfare implications of that dependency . 

This report contains three major components. The first outlines a methodology for 
identifying forest dependent communities. The methodology was formulated through an intensive 
review of past studies identifying dependence. as well as a review of pertinent theoretical 
literature . The second stage employs the methodology in identifying forestry dependent 
communities in the Canadian prairie provinces of Alberta. Saskatchewan and Manitoba . This 
analysis shows that there are few communities in these provinces which are totally dependent on 
the forest industry. but there are many communities to which the forest industry is a vital 
component of their economic base. The third stage of the analysis uses a three-sector general 
equilibrium model to estimate welfare impacts on a community from exogenous shocks such as 
changes in world prices of forest products and changes in timber supply . The results from this 
model give theoretical and empirical support to the hypothesis that welfare impacts on a 
community from these exogenous intluences are directly related to the degree of its forest 
dependency. 
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I. Introduction to Forestry Dependent Communities 

Background 
In Canada economic development has hi5:torically been driven by natural resources. and 

this has been particularly prevalent in the prairie provinces of Alberta. Saskatchewan and 
Manitoba . Starting with the fur trade centuries ago. followed by agriculture. energy and forestry. 
life on the prairies has been shaped by the utilization of natural resources . These resources are 
often found in remote areas and communities are established on the strength of the resource 
industry . The forest resource. for reasons to be examined later. is particularly prone to the 
formation of single industry communities. This report contains an examination of these 
communities which depend strongly on the forest sector and is based on the findings of Fletcher 
( 1991). Fletcher et al ( 1991 a) and Fletcher et al ( 1991 b) . 

The prairie provinces have a long and rich tradition in forestry. despite the fact that the 
agriculture and energy sectors have dominated the provincial economies. If the scope is 
narrowed. however. to the regional or community level. small local economies are found in which 
the forest industry is the major economic force . These prairie communities are dependent on the 
forest industry for their economic and social livelihood . 

The first step in understanding forestry dependent communities is to examine why these 
communities have developed. Many natural resources, especially forests. are found in widespread 
and remote locations across the country . Consequently, most natural resources are found far from 
cities where human and other resources could be employed readily in extraction and processing . 
In forestry. much local capital and labour is required for harvesting and transport of raw timber . 
This establishment of resource-based activity at the source, where forestry may be the only 
feasible industry. leads to the formation of single-industry communities . Anorher factor 
which contributes to the formation of forestry dependent communities is the bulky nature of the 
raw forest product. The processes of lumber and pulp production are size and weight reducing; 
consequently processing plants tend to be built close to the timber source . Economies of scale 
intluence plant location decisions in the opposite direction (ie . fewer. larger plants) . A balance 
is reached. with sawmills and pulpmills being located closer to their raw material source than 
processing plants in other industries. such as energy and agriculture . 

Timber processing plants employ many people and the large capital investments by 
forestry tirms give the communities some long-term employment security. With this security 
comes more service related activities . These service activities increase the size of forestry 
communities. which are in some instances totally dependent on the forest for their economic 
well-heing .  

The IllOSt obvious and perhaps most important problem faced by communities with a 
narrow economic base is their vulnerability to fluctuations in the resource industry. Demand for 
lumber. to a very large degree. mirrors cycles in construction, which in turn are the result of the 
business cycle. Much of Canada's forest product is exported, which means the Canadian forest 
industry is susceptible to foreign business cycles, particularly those in the United States . There 
are also supply driven shocks to the forest sector, such as short-run supply gaps or even long-run 
supply fall-downs . 

When a key industry in a dependent community is lost, or significantly reduced, a large 



percentage of residents become unemployed and the income of the community is signiticantly 
reduced. Any fluctuations in forestry employment affect service activities which are suppol1ed 
by the base industry. These linkages will multiply the effects of changes in the base industry, 
possibly to an extent which is devastating to the community. 

If industry downturns are cyclical, a.', in the business cycle, instability could be a chronic 
problem in the forest dependent community. If the decrease in forestry employment in a 
community is permanent, as with a supply fall-down there can be high adjustment costs. The 
limited availability of local employment opportunities in other fields may force workers and their 
families to move to other communities . If local employment opportunities are available in other 
fields, forestry workers may lack the requisite skills, and retraining may be required to allow 
them to remain in the work force. Governments may choose to provide aid in relocation and 
retraining. 

There are other problems in single industry towns which are apparent even when the key 
industry is economically viable and stable . A community which lelies on a single industry 
continually faces the risk of losing its major source of income. This risk may constrain the 
establishment of basic community infrastructure, services Jnd amenities which are common in 
more diverse communities. These community aspects include medical facilities, recreational 
facilities, churches. educational institutions and public utilities. The inherent risk in a single 
industry community may discourage residents from owning their own homes, relying instead on 
company or other rental housing. These factors may detract from the quality of life in a 
single-industry community. 

Objectives of the Study 
The primary objectives of this study are to identify forest dependent communities in the 

prairie provinces of Canada. and to evaluate the effect that dependency has on a community's 
economic welfare. At present there is no fully accepted identification method readily available. 
Section II contains a review of theoretical literature as well as an examination of the methods 
used in the past to identify single industry communities. The section builds on past work to 
define a method for identifying forest dependent communities that is based on regional economic 
theory. and is practical for application to a large number of communities. 

The next stage of the study, Section Ill, focuses on the application of the method to 
communities in the three prairie provinces of Canada. The objective is to discover the degree 
and characteristics of forest sector dependence in prairie communities. A list of forest dependent 
communities is produced using employment data from the 1981 and 1986 census years. 

Section IV develops a general equilibrium model of a small economy and uses it to 
answer questions regarding forest dependence and community welfare. These questions include: 
Is there a relationship between forest dependence and community welfare changes from changes 
to the forest sector? How do cyclic demand and supply shifts affect community welfare"? And, 
how do government policies like sustained yield, income transfers and capital subsidization affect 
community welfare"? 

The concluding section of the study contains a summary of findings and policy 
implications arising from the study. An examination of further research needs made apparent by 
this work and recommendations for future study are also included. 



II. Towards a Method for Identifying Dependent 
Communities 

Introduction 
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Studies conducted in Canada and the United States on forest sector dependence have used 
methods with varying degrees of sophistication. These studies have generally contained only 
brief presentations of their methods and proceeded with the empirical analysis. with little or no 
discussion of the underlying theory. There have been no comprehensive discussions of 
community dependence identification as it relates to economic theory and principles. The goal 
of this section is to fill that void and to provide a method for identifying forest dependent 
communities that meets both theoretical and practical requirements . 

The first step is to establish the theoretical foundations of the community dependence 
issue . This includes a more explicit definition of the term "community dependence." which will 
provide direction to the relevant body of economic literature. A review of past studies that 
identify community dependence follows the review of theory. This review gives some insight 
into the practical nature of the problems and empirical difficulties that exist . Finally. after 
examination of theoretical and practical considerations. a method for identifying forestry 
dependent communities is presented. 

What is "Community Dependence"? 
The unit of analysis in the community dependence issue is a small. local economy. as 

opposed to a large provincial or national economy . This fact is critical . Due to resource 
limitations and economies of scale. a local economy cannot possibly supply itself with the goods 
and services to support anything more than a subsistence lifestyle unless it can import goods and 
services from other communities. provinces or nations. These imports must be paid for with 
credit earned through exports . A regional economy has a mercantilist flavour. with emphasis on 
expol1s. The same argument could be applied to larger economies. but the smaller the economy 
in question. the more pronounced the dependence on exports to drive the local economy. 

The preceding argument supports the conclusion that a small, local economy is dependent 
on exports for its continued well-being. Most regional economists support this basic conclusion. 
including Tiebout ( 1956 ). Pleeter ( 1980) and Richardson (19 85). It follows that if a community 
is to be classified as dependent on a particular industry then that industry must comprise some 
significant proportion of the export or economic base. 

Economic Base Theory 
Economic base theory was conceived in the 1930s when city planners required a method 

for estimating total impact on a community from expansion or introduction of a base industry 
(Weimer and Hoyt. 1954) . Economic base theory is grounded in the notion that the basic sector. 
which is considered to include any activity that brings income into a regional economy. is the 
driving force of the economy. The non-basic sector in a community provides goods and services 
to the basic sector . 

An important point to be made is that many industries contribute to both the basic and 
non-basic sectors. Restaurants. for example. may serve local residents as well as tourists . The 
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income earned from the tourists comes from outside the community and is basic. Spending by 
locals is a recirculation of money within the community and is non-basic. The income of the 
non-basic sector and therefore of the entire economy is dependent on the basic sector. and can 
only grow if the basic sector grows (Tiebout. 1962). 

This dual nature of many sectors causes problems in the measurement of the economic 
base of a region . It is necessary to determine what portion of each sector is basic. if one is to 
determine the size of the economic base as a whole. The issue of base measurement is a crucial 
one for this study and the theoretical and practical problems involved must be worked through . 

Measuring the Economic Base 

UllitS of Aleasuremellt 

The lirst issue to be setlled in measuring the economic base is the definition of the unit 
of measurement itself . Until now the vague term "activity" has been used to describe .he 
economic base. but if the base is to be measured empirically. a more concrete unit is required . 
Tiebout (196 2 ). in a paper summarizing the state of economic base literature at the time. lists 
four possible measurement units; sales. value added. income and employment. Though this paper 
is dated. the units in question and the arguments for and against them remain virtually intact. 
The units and their advantages and disadvantages are as follows: 

Sales - The dollar value of transactions is recorded and export sales considered to be a 
measure of base activity . There are at least three major problems with this approach. 
The first problem is data availability. Data of this kind is not readily available and 
requires interviews of individual firms to determine where their goods and services are 
being sold . The firms themselves may not have this information . The second problem 
is double counting of sales . This is a familiar problem when using total sales as measure 
of economic activity . The third problem is inclusion of non-local corporate protits . That 
is. some portion of income from export sales may leave the community as profits to 
external shareholders. These profits are of no use to the community and should not be 
included. 
Value added - Value added is similar to sales but avoids the double counting problem 
by subtracting input costs from total sales. Data collection is more difficult than with 
sales since even more information is required. Also the problem of non-local corporate 
protits still exists with this measure . 
Income to residents - This measure includes income accruing to residents including 
wages. dividends. interest. rental income and that from any other sources . Using income 
as a measure of economic activity eliminates the problem of non-local profits but may go 
too t�1r and eliminate some income that should be included as part of the base . For 
example. local capital investment by tirms would not appear as it should. Data collection 
is easier than for sales and value added but is probably still impractical for a study of 
wide scope . 
Employment - The use of employment for measuring economic activity is without doubt 
a compromise between accuracy and data costs. Employment data is readily available and 
inexpensive. When employment is used as a substitute for income. a bold assumption is 
made that all jobs are of equal benefit to the community. This assumption is unlikely to 
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be met considering the large differences in yearly income for different members of a 
community. Despite these disadvantages. employment has been by far the most widely 
used measure . The availability and low cost of employment data is an overwhelming 
consideration . 
Richardson ( 1 985) wrote a summary of economic base literature but does not discuss the 

relative merits of different units of measurement. He suggests employment as the unit to be 
used in large studies. This support. along with the fact that most economic base studies use 
employment. suggests that employment has been decided upon as the unit of choice. Tiebout 
( (962) pointed out a possible reason for neglect of the measurement issue . All of these measures 
probably tend to move together, that is. they are collinear. Studies which examine the validity 
of this assumption and the sensitivity of results to violations of it are absent. 

Measurement Techniques 

Literature on economic base theory contains two broad categories of techniques used to 
measure the economic base; direct methods, and indirect methods. Direct methods are so named 
because attributes of the economy are measured directly, with the collection of primary data. 
These techniques are usually considered more accurate but may be prohibitively expensive. 
Indirect methods use secondary data from censuses and other sources and are usually of relatively 
low cost. 

Direct Methods of Measurement 
- Measuring commodity and money flows. This technique, described by 
Tiebout ( 1 962), is conceptually the most straight forward. A tally of the goods 
leaving the community can be made and the value of these goods will be a 
measure of their contribution to the economy. The difficulty here is data 
collection. One approach that has been taken is to use transportation industry 
records. Unfortunately data from these sources are usually very difficult to obtain 
and often incomplete . Another problem is that records are usually kept only for 
volume or weights of shipments, not the value of them. Because of these 
problems this method has limited practical use . 
- Survey of the local economy. This is the most widely used direct method . 
The method involves surveying firms and individuals in a community. Firms are 
asked to indicate the proportion of their sales that are exported and individuals are 
asked to indicate the sector and location of their sources of income. This method 
is considered to be accurate and although data costs are high they may not be 
prohibitive for a study concentrating on a single community. This type of study 
is often carried out by municipal and regional governments when concentrating 
on their communities . For a study of many communities the data costs would be 
enormous. 
Indirect l\tethods of Measurement 
- The assumption method. When using this method the researcher must make 
an assumption as to whether an industry is basic or non-basic . Commonly, 
primary manufacturing and construction industries are considered basic and the 
rest non-basic. Errors arising from such assumptions can be considerable. Many 
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manufacturing industries serve local markets and many services such as restaurants 
serve non-locals. For some industries a val id assumption could be made in 
assigning them to one sector or the other. For example. it is probably safe to 
assume that agriculture or some forestry activities are basic activ ities. But for 
determining the total size of the economic base the error is considered too great 
(Richardson, 1 985) .  Despite the drawbacks the technique is used because of its 
simplicity . • The minimum requirements technique. This method involves ranking the 
communities in question by the percentage of the total labour force that an 
industry comprises. The minimum of these percentages is then assumed to be the 
size of industry a community needs to satisfy its own needs. If a community has 
more than the minimum. then that portion above the minimum is considered basic 
actIvIty. The glaring problem with this approach is the assumption that al l 
communities are exporters and none are i mporters. Adjustments and 
improvements have been made to correct for this and other errors but the 
technique is sti l l  considered inferior to the one that fol lows . • The location quotient. This technique is based on the underlyi ng assumption 
that if a community is highly speciali zed in an industry relative to the national 
average. then that portion of the industry' s activity above the average is." 
considered to be export activity. Community j ' s  location quotient for industry i 
IS : 

Where E is employment. T is the total for al l sectors, and N is the national total . 
A location quotiem of 5, for example, means that employment is five times more 
concentrated in the community than in the nation as a whole. Balle employment 
is considered to be that above and beyond the national average because it is 
assumed the national average is what is required to serve local needs. Community 
j ' s  base employment in  industry i is :  

Community j ' s  total base employment is: 

/I 

X/='L,X/ 
i=1 

The accuracy of this technique depends on four major assumptions. First, 
there are no net exports at the national or benchmark level .  This assumption is 

:' 



required because the national production in an industry is assumed to meet 
domestic needs. If a community ' s  labour force in an industry is the same 
percentage as that of the sel f-sufficient nation then the location quotient is one and 
the community is producing j ust enough for local needs and is a non-basic 
i ndustry .  If the nation is a net exporter in an industry then this technique will 
underestimate base employment. Conversely, if the nation is a net importer in  an 
industry the location quotient wil l overestimate base employment. To deal with 
this problem an adjustment could be made to the benchmark employment in an 
industry. If the nation ' s  consumption of a good equals half of its production then 
the benchmark employment i n  the industry should be halved as well .  

Second. consumption patterns are assumed to be identical across the nation. 
The probability is high that per capita consumption differs across regions because 
of di fferent preferences or incomes. The third fault with the location quotient 
is the assumption that labour productivity within an industry is identical across 
regions. 

Schwartz (1982 ) suggests that error from consumption and productivity 
d i fferences can be reduced if provincial rather than national benchmark 
employment is used. This adjustment wil l  account. at least partial ly. for any 
regional biases which may exist. Or. if data on regional productiv ity were 
avai lable an adjustment could be made. Isserman (1977) defined a modified 
location quotient which would adjust base employment for all three of the above 
problems: 

. T . 
i E/ Ej E� 

x· =[v- -c-(1-e.)]-J I i I T I 
EN EN Vj 

where Vi is the regional/national labour productivity rat io. ci is the corresponding 
consumption ratio and ej is the national export/output ratio for industry i .  The 
term ( I -e) represents the proportion of output which is consumed domestical ly. 
This modi fied equation adjusts for regional differences from national averages of 
productivity and consumption, as well as adj usting for exports. 

The fourth problem is the degree of homogeneity of products within an 
industrial c lassification. If there is more than one product within a category then 
errors could be introduced. The following example i l lustrates the problem. 
Assume that within the category "meat products" there are actual ly two products. 
beef and pork. If a community specializes in producing beef (importing al l  their 
pork )  and a location quotient is calculated for the meat industry then basic 
employment wil l  be underestimated. Excess beef  employment. which should be 
class ified as basic. may be seen as producing pork for the local market. 

The solution to this problem is to use data which are as highly 
d isaggregated as possible. Location quotients have been heavi ly criticized for 
underestimating base employment by others who failed to recognize this problem. 
For example Gibson and Worden (1981 ) found that the location quotient yie lded 

7 
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an underestimation of the economic base in comparison to survey methods. Their 
study used highly aggregated data, with the entire manufacturing sector in a single 
category . With such high aggregation their underestimation of the economic base 
is not surprising . As a rule more disaggregation means more accuracy. 

A Review of Past Studies Identifying Community Dependence 
Five studies have been found which define community dependence on the forest industry. 

These studies provide no theoretical justification for their methods. This section contains a 
description and critique of the criteria used. 

The Department of Regional Economic Expansion (Canada, 1 979) conducted a 
Canada-wide study to identify single-sector communities. Using 1 97 1  census employment data, 
and other sources, the study employed a two-stage system to decide if a community was 
dependent on any one industry. (n the first stage. employment in an industry was compared to 
total employment in the community. If employment in the industry was greater than a critical 
level then the community was deemed dependent on that industry. The critical levels were 
detined as follows: 

- greater than 60% for population less than 2,500 
- greater than 40% for population between 2,500 and 5 ,000 
- greater than 30% for population between 5,000 and 1 0,000 
- greater than 25% for population between 1 0,000 and 30,000 
- greater than 20% for population over 30,000 
There are a number of problems with this method. First, no explanation is provided 

regarding the selection of the critical values. Second, critical levels of sector employment are 
a function of total rather than base employment . This is a problem because, as has been shown. 
a community is dependent on its base employment and non-base employment is not relevant to 
the dependency issue. Using total employment would not be a serious problem if base 
employment were a linear function of total employment but it is not. Larger communities are 
able to provide a greater level of services locally, primarily due to economies of scale. and 
consequently have relatively larger non-basic sectors. This problem is important because a larger 
community would not require as high a percentage of total employment in a base activity to be 
considered dependent because a larger non-basic sector is supported by the base activity . 
The authors have recognized this problem and attempted to correct it with the five different 
critical values which decrease with increa<;ing population. There are two questions that arise 
from this procedure . The discontinuous "step" function for correcting for population would 
introduce considerable error if the relationship between the size of the non-basic sector and 
population is continuous. Secondly, how was the shape of the adjustment function determined. 
and is it appropriate? 

The upper curve in Figure 2. 1 relates the base/total employment ratio to the population 
of the community2. The curve represents complete dependence because it shows the ba<;ic 
pOl1ion of total employment. An industry would not be required to make up 1 00  percent of the 
base activity for the community to be considered dependent upon it. For the sake of 

2 See Appendix I for derivation of this curve. 
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demonstration assume that a community is dependent on a sector i f  it makes up more than 50 
percent of the base activity. The lower curve i n  Figure 1 shows this 50 percent rule. The 
venical position of this l ine is quite arbitrary due to the assumption made. but its shape is not. 

Figure 2. 1 :  Base/total employment versus population. 
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A comparison of DREE's step-function to these curves raises two important points . First. 
if a step function is used, much finer increments are needed because in some places the step 
function is quite close to the derived dependence line and in other places it diverges widely. 
Second. the authors do not make enough adjustment for the higher base/total employment ratio 
in smaller communities. In fact at a population of 2,500 it would be impossible under DREE's 
crite rion to find a dependent community. At this population an industry making up the maximum 
1 00% of the base act ivity would only make up about 50% of total employment which is less than 
the 60% cut-off point. In other words a community with a basic sector of this size would 
generate such a large non-basic sector that it would be impossible to be described as dependent. 

There is another factor besides population which could cause variation in the base/total 
employment ratio. According to the theory of  central places, first discussed by Christaller ( 1 966) .  
there exists a hierarchy of communities in which the market area of each place is nested in the 
market area of the next highest order place. There is a flow of services and goods supplied down 
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the hierarchy o f  communities. As a result of this flow a p lace high in the hierarchy wi l l  serve 
a larger external market than a place of comparable population that is lower in the hierarchy. 
These goods and serv ices provided to lower order communities will be part of the economic base 
of the community. The larger total market and economies of scale wi l l  allow more services to 
be supplied to residents within the higher order community. This higher degree of service 
act ivity wil l  cause a higher order community to have a lower base/total employment ratio which 
would make i t  less l ikely to be classified as a dependent community using DREE's criteria. 

There are probably other factors, as wel l ,  causing variation in this ratio. Al l  of these 
factors erode the accuracy of a dependence criterion, which relates industry employment to total 
employment rather than base employment. 

The second stage of the DREE method uses a device called the Herfindahl index to find 
dependent communities which were missed in the first stage. This index was used to correct for 
dispersion of other economic activity. The form of the index used by the authors is as follows: 

1\ 

Hlj = L (E/I E/)2 
;:1 

where the definition of the employment variables is the same as that for the location quotient. 
In this context the index is a measure of diversity of an economy. A maximum value of 

one indicates that all employment in a community is concentrated in  a single industry. A 
minimum value of zero indicates infinite dispersion of employment. To account for the fact that 
communities with larger populations tend to have larger and more numerous service industries 
and therefore have more diverse economies, the index should be adjusted for population. Again 
this would not be necessary if base employment were used instead of total employment. The 
authors used the fol lowing cut-offs to define a specialized economy: 

- greater than .3 for population less than 10,000 
- greater than .2 for population between 10,000 and 30,000 
- greater than . 1 5 for population greater than 30,000 
This step function undoubtedly has discontinuity problems similar to those described 

earl ier, but there are more interesting problems with this measure. The authors provide no 
j ustification for the use of this index . They were probably operating under the assumption that 
a more special ized economy is a more dependent economy. This assumption seems reasonable 
at fi rst but it can give rise to some interesting anomalies. Table 1 . 1  depicts two hypothetical 
communities to i l lustrate this problem. Even though the communities have the same sized labour 
force, community B with a smaller forest sector has a higher Herfindahl index.  Clearly 
community B has a more special ized economy than community A, but is it more dependent on 
forestry? The Herfindahl index as it is used here says it is. 

White et al ( 1 986) conducted a study identifying forest dependent communities in British 
Columbia. The authors used a method based on DREE (Canada, 1 979), but with some 
modifications. The most important modification was the inclusion of other categories for 
d ifferent degrees of dependency. These categories were, along with forestry dependent, dual 
communities (those domi nated by the forest sector and one other), diversified communities (those 
with at least three dominant sectors, including forestry), specialized non-forest, (communities 
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Table 2 . 1 :  The Herfindahl index .  

sector Community A Community B 

forestry 500 jobs 475 jobs 

energy 1 00  325 

agriculture 1 00  0 

manufacturing 1 00  0 

servIces 800 800 

total 1 600 1 600 

Herfindahl index 0.358 0.379 

dependent on another sector but forestry employment stil l  i n  the top fi ve) ,  and finally minor or 
no forest sector (forestry employment not in  the top five). 

The use of other categories by White et al alleviates some of the problems with the 
Herfindah l index .  For example, community B i n  the i l lustration above would be classified as a 
dual community. This c lassification would recognize the fact that although forestry is the 
dominant employer. there is another very important industry in  the community. 

Pharand ( 1 988) conducted a Canada-wide study describing the demographic characteristics 
of communities dependent on forestry . In this study a community was dependent on forestry if  
forest sector employment as a percentage of total employment exceeded a critical level .  The 
critical levels were defined as fol lows: 

- greater than 30% for population less than 1 0,000 
- greater than 25% for population between 1 0,000 and 30,000 
- greater than 20% for population greater than 30,000 
The problems with this method are simi lar to that of the first stage of the DREE (Canada, 

1979) study. Forestry employment is compared to total employment and consequently, the 
critical level must be adjusted for population. The adjustments made for population are more 
crude than DREE' s and the error introduced should be even greater. 

Steele el al ( 1 988) use the location quotient to define dependence on forestry. In their 
study. which looked at the forest industry in Saskatchewan, a community which had a location 
quorient for the forest industry of to or greater was considered to be dependent. In this study 
the authors used the provincial average as the benchmark with which to compare community 
forestry employment. Since the provincial average remained constant at about one percent, a 
location quotient of ten simply meant that ten percent of the community was employed in 

! 
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forestry .  This method i s  reduced to a straight percentage of  the total labour force, simi lar to that 
used by Pharand ( 1 988) and has similar problems associated with it and more, becau�e no attempt 
was made to adjust for population. The location quotient was intended as a means for finding 
out how much of an industry is basic activity . Its use in this case amounts to nothing more than 
an awkward method of calculating percentage employment. 

In  1 969 Schal l au, et al published a study in  which they projected economic impacts of 
alternative levels of  timber  production in the Northwestern United States . The authors classi fied 
economic areas as highly, moderately or slightly timber dependent. The method used was to 
compare forestry employment to economic base employment. The cutoff values they used were 
as follows. where the percentages shown are forestry employment over economic base 
employment :  

- greater than 70% is highly timber dependent 
- between 30% and 70% is moderately dependent 
- between 0% and 30% is slightly dependent 

Note that no adjustment was made for population of the region. As discussed earlier. this is not 
necessary when forestry employment is compared to base employment rather than total 
employment . 

The authors estimated the economic base of  communities using what they called "the 
method of excess employment" which is identical to the location quotient technique. The 
regional levels of employment were compared to the average for the entire U .S .A .  The leve l  of 
industlial disaggregation of the data was not indicated, nor was it indicated if adjustments were 
made to correct for the biases of the location quotient technique. 

All  of the dependency identification techniques described above have problems which 
could be corrected, or at least reduced, with l ittle increase in cost of implementation. The 
following section outl ines a method for identi fying community dependence that is more consistent 
with economic theory.  as well as practical ly  feasible. The method draws on the strengths of past 
studies and improves on their weaknesses. 

A Method for Identifying Community Dependence 
In formulating a method for identi fying community dependence there are issues to 

consider besides the conceptual problems outlined earl ier. Consideration must be given to the 
intended application of the method, data avai labi l ity and any other elements specific to the 
objectives of a particular study. In this case the objective is to find a method that can be used 
easily and at reasonable cost for a large number of communities. Such an approach is l imited 
to secondary data sources, since surveys to col lect primary data in a large number of communities 
across the prairies are prohibitively costly. 

The only secondary source which yields industry specific data is the Canada Census. 
Data are col lected every five years, with the last collected in 1986. Within the census, 
employment figures are the only one of the potential units described in Section II that are 
collected by industry and by census subd ivision. For a study of  broad scope, such as this one, 
the choices of  data source and measurement unit are al l but determined. This result is reflected 
by the fact that every community dependence study in the past has used census employment data. 

The next item of concern is choosing a method of using census employment data to 
identi fy dependent communities. Previous discussion has established that. conceptual ly, a 
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community is dependent on an industry if  that industry makes up  some "significant" portion of 
the economic base . There are two issues here; one is estimating the economic base, and the other 
is deciding how large the industry ' s  portion of the economic base must be to be considered 
signi ticant or critical. 

In previous community dependence studies, discussed above, three different methods were 
used for estimating the economic base. The simplest, used by Steele et al ( 1 988),  implicitly 
assumed that the economic base was a constant portion of the total economic activity. The 
DREE (Canada, 1 979) study was more sophisticated, as were others based on it .  An attempt was 
made to account for the change in the base/total employment relationship caused by population 
differences. Both of these methods failed to consider other factors which caused variation in the 
base/total employment ratio. most notably the community 's  position in the hierarchy of 
communities. 

The study by Schal lau et at ( 1 969) was the only one which actually tried to measure the 
economic ba..<;e of communities . The authors used the location quotient to measllre the economic 
base . Provided the base can be measured with reasonable accuracy. and at reasonable cost. this 
is clearly superior to the estimations using the other methods. The location quotient has the 
support of prominent authors such as Richardson ( 1 985). Isserman ( 1 977) and Schwartz ( 1 982). 
as the best technique in its c lass. provided steps are taken to reduce errors caused by violation 
of its assumptions. I n  the case of forestry dependenceJ on the prairies the following measures 
are taken in this study to increase the accuracy of the location quotient :  

I.  The benchmark employment figures could be adjusted for net exports in an industry . 
Export data are available and the adjustment is a simple one. 

I Data on regional productivity are probably not as read ily avai lable. However. as 
Schwartz ( 1 982 ) suggests. i f  provincial rather than national figures are used a..<; 
benchmarks the error from regional bias in consumption patterns and productivity 
is greatly reduced . 

3. Census data on employment by industry are available in very highly disaggregated 
form. Its use here reduces the underestimation of the base caused by the product 
mix problem. 

The final consideration is given to determination of the minimum percentage of base 
employment which places a community in the forestry dependent category . This point has 
recei ved no discussion in the literature, perhaps because it is very difficult . if not impossible. to 
determi ne a cut-off point using anything Olher than arbitrary selections. Each author has had to 
make subjective decisions on the appropriate cut-off levels for their studies. In an effort to avoid 
this problem in this study, the fol lowing procedure is proposed: 

I. Rank the communities by percentage forestry employment of economic base 
employment. 

2. Use cut-off levels selected in the past as a rough guide and look for natural breaks in 
the rankings. If breaks exist they may indicate the structural di fferences in 
communities that are to be identi fied. 

This method is not perfect for identifying forest dependent communities. but it is gu ided 

1 As discussed in section 3.e. 
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by a review o f  relevant economic l iterature as wel l  as b y  the strengths o f  previous studies. 
Resource constraints require that some theoretical consistency be compromised, particularly in 
the use of secondary employment data. but overall the method addresses theoretical and empirical 
issues and is  an improvement on past techniques. 



III. Identifying Forest-sector Dependent Communities in 
the Prairie Provinces of Canada 

Introduction 
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This section contains an identification of the degree of forest-sector dependence of all 
prairie communities where people are employed in  forestry. This identification is made using 
the method outl i ned in the previous section .  Efforts are also made to describe important aspects 
of community dependence on forestry, including changes in community dependence between 
1 98 1  and 1 986, comparison of overall provincial levels of dependence between provinces and 
census years, and segregation of communities into categories by degree of forest dependence . 
The objective of this section is to discover the degree and characteristics of forest-sector 
dependence.  and to present these findings in such a way as to answer certain questions regarding 
forest dependence . 

The Communities in Question 
The forested region makes up over two thirds of the prairie provinces. It contains over 

lOO communities, which represents one third of the total number of communities for the three 
provinces. These communities, with very few exceptions. are small (on ly four with population 
above 10.000. none above 40.000) and resource-based.  Important sectors in this region. besides 
forestry. are oil and gas. agriculture. mining, and hydro-electric generation.  

The fact that these communities are small is an important consideration to this project. 
Authors in economic base literature have indicated that the relative importance of economic base 
theory and its applications are inversely related to the size of the community or region in 
question (Pleeter. 1 980). Cities such as Edmonton or Regina are much more sel f-sufficient in 
goods and services provided than are small communities. This sel f-sufficiency means the 
exp0l1li mport relationship crucial to economic base theory is diminished in importance in the 
large city economies. 

The Data 
The following analysis is based on data obtained from the Statistics Canada national 

censuses for 198 1 and 1 986. The data are comprised of employment figures for each census sub
division and are disaggregated into Standard Industrial Classifications (S ICs). of which there are 
257. I n  the forested region4 of the prairie provinces there are 708 census sub-divisions. of 
which ll3 are communities. 1 80 are rural districts5• and 1 85 are Indian reservations .  

The rural districts are not examined for forest dependency because they are 
agglomerations of wide-spread rural people and do not represent communities as such. Indian 

� The forested region includes the fol lowing census divisions for each province : Alberta 
divisions 3 .6.9. 1 2- 1 9; Saskatchewan divisions 9 , 1 4- 1 8. and Manitoba divisions 1 ,2 . 1 3 . 1 4. 1 6-23 . 

'i "Rural district" is a generic term used to describe counties, rural municipalities. local 
government districts. and improvement districts. 
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reservations are also not examined because their inherent cultural and govern mental differences. 
such as treaty rights to federal government transfer payments, do not allow d irect comparison. 
The study of rural districts and Indian reservations would be a worthy subject of future research 
but is beyond the scope of the present project. 

As outl ined in Section I I .  the accuracy of the identification method can be improved with 
some simple techniques. Provincial employment figures wi l l  be used as benchmark figures which 
will reduce any error due to regional bias in  consumption and production patterns. Also 
benchmark employment figures are adjusted for net exports so that the benchmark represents the 
employment that would be required for the province to supply itself with the goods from a given 
sectorf>. 

Results 
The first step in the analysis is calculation of the economic base of each community using 

the location quotient technique. The resu lts from this stage of the analysis are of interest in  their 
own right. The discussion in Section II hypothesized that the base/total employment ratio should 
decrease in size with increasing popu lation.  Another hypothesis put forward was that this ratio 
would be affected by the community ' s  place in  the hierarchy of communities .  In Appendix I 
these issues are examined, with both hypotheses being supported by the data. 

Degree of Dependency 
Forest dependence is measured as the degree of employment that the forest sector 

contributes to the base divided by total base employment. This ratio is the forest dependence 
index (FDI)  and can be interpreted as fol lows : a value of 0 .3 .  for example. means that the forest 
sector makes up 30 percent of the economic base. Table 3 . 1 shows the top 40 prairie 
communities ranked by forest dependence in 1 98 1  and 1 986. 

Appendix 2 contains a complete l isting of all communities that have forest-sector 
employment. Appendix 2 also contains other important details  of these communities. Included 
here are the actual size of the labour force. of the forest sector and of other important sectors in 
the community. as well as detai ls regarding the location of the communities. 

The most important feature in Table 3 . 1 is the fact that there are not many communities 
where forestry dominates the economic base. There are only six communities where forestry 
makes up over  50 percent of  the base and four of these. Endeavour. Albertville. Smeaton. and 

" This adjusted benchmark employment replaces Ei
N in the location quotient equation. The 

adj ustment. using data from national input-output tables (Stats Can. 1 98 1  & 1 986). is made as 
follows. where T, is total output in sector i. Xi is total exports in sector i. Mi is total imports in 
sector i. and Ei is provincial employment in sector i . :  

Benchmark employment = (T,. - X. + M.) I ' E. 
T. I 

I 
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Table 3 . 1 :  Prairie communities ranked by forest dependence i ndex (FDI).  

1 98 1  1 986 
1 98 1  

Rank Community Prov ince For Rank Rank Community Province FDI 

I Powerview :VI an 0.797 1 - Endeavour Sask 1 .000 

2 Hudson Bay Sask 0.637 2 new Albertville Sask J .(XlO 
3 Smeaton Sask 0.567 3 I Powerview Man 0.732 

4 Meath Park Sask 0.555 4 2 Hudson Bay Sask 0.5 34 

5 B ig River Sask OA85 5 5 Big River Sask 0.452 

6 Hinton A l b 0.425 6 - Chitek Lake Sask OA09 

7 Cowley Alb OA07 7 - Togo Sask 0.382 

8 The Pas Man OA04 8 6 Hinton Alb  0.379 

9 Mayerthorpe A l h  0 . 337 9 22 Hines Creek Alh  0.352 

1 0  Sangudo Alh 0.298 1 0  8 The Pas Man 0.3 3 1  
I I  Grande Prairie A l h  0.288 I I  1 3  High Level Alb 0.323 
1 2  L..:ovi l k  Sask 0. 286 1 2  1 8  Paddockwood Sask 0. 30 I 

1 3  High Lc v<.:! A l h  0.278 1 3  35 Wembley Alh 0.290 

1 4 G laslyn Sask 0.2 1 5  1 4  I I  Grande Prairie Al h 0.275 

1 5  :-.i i vervi l lc  :VI an 0. 2 1 4 1 5  62 Grande Cache A l b  0.256 

1 6  Boyle A l h  0. 2 1 1  1 6  9 Mayerthorpe A l b  0.242 

1 7  Wh it..:court A l h  0.200 1 7  1 7  Whitecourt Alh 0.238 

1 8  Paddockwood Sask 0.200 1 8  27 Kinuso Alb O. 1 ')5 

1 9  Slave Lake A l b 0. 1 96 1 9  - Donnelly Alh 0. 1 ')3 

20 Sl..:inhach Man 0. 1 92 20 26 High Prairie Alb 0. 1 89 

2 1  Cho i.:dand Sask 0. 1 90 2 1  20 Steinbach Man n. 1 52 

22 Hin..:s Creek A l h  0. 190 22 34 Carrot River Sask 0. 1 48 

23 Sundr..: Alb 0. 1 78 23 19 Slave Lake Alh 0. 1 42 

24 Prin.:e A l h<.:rt Sask n. 1 62 24 Debden Sask 0. 1 4 1  

25 W i ldwood Alb 0. 1 54 25 2 1  Choice land Sask 0. 1 28 

26 H igh Prairi..: A l h  0. 152 26 50 Edson A l h  0. 1 24 

2 7 Ki nuso Alh 0. 1 47 27 37 Roblin Man 0. 1 23 

28 D..:lhurne Alb 0. 1 39 28 - Pelican Narrows Sask D. I 23 

2<) Srir i t  R i ver Alb n. 1 32 29 - M irror Alh D. I 1 6  

30 Magrath Alb 0. 1 28 30 43 Meadow Lake Sask 0. 1 1 3 
3 1  Edam Sask 0. 1 1 7 3 1  24 Prince Albert Sask 0. 1 1 0 
1" Wahamun Alb 0. 1 1 5 32 16  Boyle Alb  0. 109 

3 3  Marylidd Sask 0. 1 1 5 33 new Denare Beach Sask D. I 03 
34 Carrot R i ver Sask (). t I l  34 23 Sundre Alh 0.098 
35 W..:mhley Alb 0. 1 0 6  35 38 Smoky Lak..: A l b 0.092 
36 Crowsnest Pass Alh (3)99 36 new Buffalo Narrows Sask 0.090 

37 Rllh l i n  Man 0'(l93 37 new Air Ronge Sask 0.087 

3X Smnky Lak..: Alh (1.09 1 38  4 2  Cochrane Alb O.m9 

31) S wan Ri ver Man O.O!l7 39 - Sexsmith Alb 0.078 

40 Barrhcad Alb 0.085 40 36 Crowsnest Pass Alh 0.078 

Pr oVlnce abbreVIatIOnS : Alb, Alberta; Sask, Saskatchewan; 1VI"an,  �amt6ba. 

! 
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Meath Park are extremely small communities7 • Despite the lack o f  communities dominated by 
forestry. there are many where the forest sector is a significant component of base activity . This 
result is consistent with the perception of forestry on the prairies being a divers ifying rather than 
a dominant agent. 

The overal l  provincial levels of  community dependence on forestry can also be 
represented i n  this analysis .  The concept of overall dependency in a province as used here is 
meant to describe the aggregation of community dependence in a province.  not the provincial 
forestry employment total . A quantitative estimate of overall dependence is  the average of al l 
communities' FD I  in a province weighted by community size .  Table 3 .2 shows this sum for all 
three provinces in  the two census years. 

Table 3 .2 :  Overal l provincial dependence on forestry (sum of all FDI, wieghted by 
popu lation) 

Province 1 98 1  I 1 986 I Change 

Albella 0.0235 0.0202 -0.0033 

Saskatchewan 0.02 1 4  0.0 1 69 -0.0045 

Manitoba 0.020 1 0.0 1 64 -0.0037 

The most notable feature of Table 3 .2 is the higher level of dependence in Alberta than 
in ei ther Saskatchewan or Manitoba. 
Two factors contribute to this result; Alberta has more communities with forestry employment. 
and Alberta has larger communities with forestry employment.  Alberta communities such as 
Hinton and Grande Prairie are large communities with large absolute levels of  forestry 
employment . They contribute heavily to overal l provincial dependence even though. due to 
strength of other sectors. their FDI ranking is not as high as some communities in the other 
provinces. 

The second notable feature in Table 3 .2 is  the decline in  overall dependence in all three 
provi nces between 1 98 1  and 1 986. This decline in overall dependence levels could be brought 
about by growth in other sectors. or by a decl ine in the forest sector itself. In fact. as is shown 
in Table 3 . 3 .  both of these factors played a part in the dec li ne in overall dependence. Total 

7 Endeavour and Albertvil le both have FDI rankings of 1 .000. Closer examination of the data 
for these communities reveals that forestry makes up not only all of the basic employment. but 
all total employment as wel l .  The fact that these communities are extremely small (total 
employment is 1 5  and 10 in Endeavour and A lbertvil le, respectively) is undoubtedly responsible 
for the unusual results. 
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forestry employment d id fal l  i n  all three provinces while, at the same time. the other two 
important resource sectors, agriculture and energy, both showed increases in employment. 

Despite the decline in forestry employment the sector remains an important diversifying 
agent in the prairie provinces . The decline in employment can be traced to improvements in 
technology. rather than downsizing of the industry. This technological change has produced a 
more competitive forest sector. Since 1 986 new mills have been built on the prai ries and others 
have been expanded. These developments may well have reversed the trend of decreasing 
employment in  the forest sector. Also, particularly in Alberta, much of  the new development has 
been in the pulp and paper s ide of the forest sector. This diversity within the forest sector means 
the forest sector as a whole wil l  be. less susceptible to any particular downturn, such as fal l ing 
demand for lumber or a change in pulp prices. 

Table 3 . 3 :  Provincial Employment in Resource Sectors in 1 98 1  and 1 986. 

Fllrestry Agriculture Energy 

Province 1 98 1  1 986 [98 [ [ 986 1 9 8 [  I LJ86 

Alberta [ 4875 [ 3725 92465 988 1 0  62 [ 35 69 1 65 

Saskatchewan 4565 4030 89540 95805 4 1 05 5360 

Manitoha 7385 6740 48000 5 1 580 7 1 5  860 

Changes in Dependency 
A feature of interest regarding forest dependence is how this dependence has changed for 

individual communities between 1 98 1  and 1 986. Table 3 .4 shows the communities with the 20 
largest increases and decreases in FDI between the census years8• 

There is an important point to be made regarding the communities with the more extreme 
changes in FDI. Endeavour, Chitek Lake. Togo, Smeaton. Meath Park, Cowley, Sangudo. and 
Leovi l le are al l very small communities. There are three possible reasons for this pattern. First. 
with these very small communities, small absolute changes in the forest sector mean relatively 
larger changes in FDI .  Second. the census data contain only a twenty percent sample of 
employment in a community. In smaller communities there is greater variabil ity in the estimation 
of employment levels. leading to greater variabil ity in FDI between census years. Third. the 
employment numbers are randomly rounded to multiples of five by Statistics Canada to protect 
con tidential sources .  In  small communities this could introduce significant error. 

Among communities with greater than 1 00  people employed. the four largest increases 
in FDI are to be found in Alberta. Grande Cache. Donnelly, Wembley and Hines Creek are al l 

x The communities of Albertville, Denare Beach, Buffalo Narrows, and Air Ronge are al l new 
census sub-divisions to the 1 986 census. 

( 
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in  northern A lberta where. s ince the mid- 1980s. forestry has been undergoing tremendous growth. 
aided by the provincial government's diversification programs. S ince 1 985 major developments 
have been undertaken or announced in Grande Cache. Grande Prairie. Fox Creek. Whitecourt. 
Athabasca. Peace River. Hinton. S lave Lake and Drayton Valley. Most of the employment 
generated by these developments occurred subsequent to the 1 986 census but the increase in 
forest dependence of some communities in this region prior to 1 986 is  undoubtedly due to the 
early stages of the expansion. 

Among the larger communities with the large decreases in FDl is Hudson Bay. 
Saskatchewan. During the 1 980s Hudson Bay has suffered the phas ing-out of one of its three 
mi l ls .  S ince the 1 986 census that company' s  tenure has been terminated and no new mil l  has 
moved in to fi l l  the void. 

Categories of Dependency 
For descriptive purposes it wil l  be usefu l  to segregate communities into categories of 

degree of dependence . The method as described in Section I I  calls for identification of natural 
breaks in the distriburion of communities' forest dependence . I f  these breaks exist. they may 
indicate structural di fferences in the communities . Also. this technique wil l  avoid separating 
communities which have very simi lar dependence rankings. Some subjective reasoning will be 
required to determine the number of categories and the general location of the cut-offs . 

Figures 3 . 1 and 3 .2  depict the distribution of FDI in  al l  three provinces for 1 98 1  and 
1 986. The vertical scale of the figures is the FDI ranking of the community and is primari ly a 
visual aid. The figures show that there are breaks in  the distribution. The vertical l ines show 
the cut-offs for the fol lowing proposed categories: 

- greater than 0.50 FDI. heavi ly forest dependent community (HFDC) 
- between 0.23 and 0.50 FDr. moderately forest dependent community 

( M FDC) 
- between 0.07 and 0.23 FDr .  sl ightly forest dependent community (SFDC) 
The placement of individual communities into these categories can be seen in Append ix 

'") Tab le 3 . 5  shows the number of communities in each province which fal l  into these 
categories .  A famil iar trend is evident in Table 3 .5 .  Alberta is different from the other two 
provinces. Alberta has less HFDCs than Saskatchewan and Manitoba but more MFDCs and 
S FDCs . The explanation for this difference is the presence of  a strong energy sector in the 
forested region of Alberta. Appendix 2. Table A2. 1 shows that i n  many Alberta communities. 
particularly Hinton and Whitecourt. a strong forest sector is  accompanied by a strong energy 
sector. The dominance of the energy sector precludes the formation of heavily forest dependent 
communities in Alberta. 

Summary and Policy Implications 
The goal in this chapter was to present results from the appl ication of an improved 

method for identi fying community dependence on a single sector. The method was appl ied to 
the forest sector in the Canadian provinces of Alberta, Saskatchewan and Manitoba. In 
ident ify ing community dependence on forestry there were no specific hypotheses being tested. 
The intent was, rather. to describe the nature of this dependence in the prairie provinces . 

When communities were segregated into heavily forest dependent communities (HFDCs).  
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Table 3 .4: Communities with the l argest changes in FDI between 1 98 1  and 1 986. 

Comm uni ty Province Change in FDI 

Endeavour Sask 1 .0000 

Chitek Lake Sask OA088 

Togo Sask 0.382 1 

Grande Cache Alb 0.2344 

Donne l ly  Alb 0. 1 93 1  

Wemh lcy Alb 0. 1 842 

Hines Creek Alb 0. 1 629 

Debden Sask 0. 1 4 1 4  

Pelican Narrows Sask 0. 1 229 

Mirror Alb 0. 1 160 

Paddockw(lod Sask 0. 1 0 1 2  

Sexsm ith A l h  O.07R I 

Preecevi l le  Sask 0.0772 

Edson Alb 0.0752 

Porcupine Pla i n  Sask 0.0555 

Shel lhrollk Sask 0.0536 

Kinllso A l h O.04RO 

High Level Alb 0.0446 

Stonewal l  Man 0.0386 

WhileCOlln Alh 0.0383 

Magrath Alb -0.0674 

The Pas Man -0.0736 

Sundre Alb -0.0796 

Manitou Man -0.0832 

Mayenhorpe Alb -0.0944 

Boyle Alb -0. 1 020 

Hudson Bay Sask -0. 1 022 

Marytield Sask -0. 1 1 49 

Wahamun Alb -0. 1 1 5 3  

Edam Sask -0. 1 166 

S pirit River Alb -0. 1 322 

Dclhurne Alb -0. 1 385 

Glaslyn Sask -0. 1 393 

Nivervi l le Man -0. 1 393 

Wildwood Alb -0. 1 543 

Leovil le Sask -0.2864 

Sangudo Alb -0.2984 

Cowley Alb -0.4069 

Meath Park Sask -0. 5547 

Smealon Sask -0.5667 
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Figure 3 . 1 Distribution of  all  communities ' FDI i n  1 98 1 .  

Distribution of Communities by FDI, 1 98 1 
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moderate ly  forest dependent communities (MFDCs) and sl ightly forest dependent communities 
(S FDCs), the results showed that there were only two communities, Hudson Bay, Saskatchewan 
and Powerview, Manitoba which were classified as HFDCs i n  both the 198 1 and 1 986 census 
years . There were however many cases where forestry, though not dominant, was an important 
component of the economic structure of the community. 

These results ,  supporting a strong but not dominant forest sector, do not come as a 
surprise given the strength of other sectors in  this region, especially energy and agriculture. In 
A lberta the forest sector is particularly strong from the provincial perspective, yet there are no 
HFDCs . One explanation for this result is  the energy sector, which dominates the forested region 
of Albe11a, reducing the relative importance of forestry. The high number of M FDCs and SFDCs 
in Albena is also consistent with this explanation. The forest sector is a diversifying, rather than 
a dominant, economic force. 

Another important result is the decl ine in overall forest dependence in all three provinces 
between 1 98 1  and 1 986. This decl ine was shown to be a result of decreasing forestry 
employment and increasing employment in other sectors. This increase i n  presence of the more 
dominant sectors means forestry' s  role as a divers ifying agent is more important than ever. The 
decreasing employment trend could have been reversed by the recent expansion in the forest 



Figure 3 . 2  Distribution of all  communities' FDI i n  1 986. 
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sector. particularly in Alberta. The answer to this question will require further research when the 
1 99 1  census data become available. 

The results of this chapter are potentially of interest to all levels of government. as wel l  
as research institutions. For example.  further research may be d irected toward examining 
relationships between forest dependence and various sociological and economic characteristics 
of communities. These results provide a database, upon which research of that nature could 
build. Governments would find these results useful for targeting policy toward forest dependent 
communities. 

One example of how governments could target policy with this information is through 
regional development programs. Along similar l ines, if policy changes regarding the forest sector 
were to be undertaken. this information would help to identify which. and to what degree. 
communities might be affected by shocks to the industry. Governments could also use this 
information to be more prepared to engage in counter-cyclical programs to alleviate short-run 
unemployment or other income reduction.  

As wel l  as short-run programs. governments may want to aid i n  long-term adjustments. 
These long-term adjustments may be necessary after more permanent industry changes such as 
a ti mber supply reduction. Knowledge of the economic structure of communities. such as is 
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Table 3 . 5 :  Number of  communities by dependence category and province .  

Province 1 98 1  

Alberta 0 

Saskatchewan 3 

M ani toba I 

Total 4 

Abbreviations:  

HFOC M FDC S FOC 

1 986 1 98 1  1 986 1 98 1  

0 6 8 1 7  

3 2 4 8 

I I I 5 

4 9 1 3  30 

HFOC. heavily forest dependent community 
MFOC. moderately forest dependent community 
S FOC. slightly forest dependent community 

1 986 

1 2  

I I 

3 
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provided here. wi l l  assist pol icy makers with these problems and help  them serve the people of 
the prairie region of Canada. 



IV. Forest Dependency and Community Welfare 

Introduction 
The previous sections focused on determination of the degree of community dependence 

on forestry . The next objective is to investigate the relationship between dependence on the 
forest industry and the economic wel l-being of the community. As discussed above. exogenous 
market shifts may have profound impacts on the community' s  wel fare . It is these impacts which 
are to be examined here .  

The basic hypothesis being tested in this section is  as fol lows : As community dependence 
on the forest sector increases. so too do welfare impacts on the community from shocks to the 
forest sector. These shocks may be negative shocks. such as a decrease in timber supply. or they 
may be positive shocks. such as an increase in the price of forest products. If it can be shown 
that there ex ists a monotonic relationship between forest dependency. and measu"ed by FDL and 
we l fare impacts. then a ranking of communities by FDI also represents a ranking of communities 
by wei fare l osses or gains  from shocks to the forest sector. 

The wel fare impacts to communities become important when compared to the welfare 
impacts of these shocks to larger economic unions, particularly provincial and national 
economies. I f, for example. a negative impact of a shock to the forest sector has negligible 
e ffects on the macroeconomy but signi ficant welfare effects within a forestry community then 
the distribution of wealth wil l  be altered. Governments may wish to compensate for such 
distributional changes through income transfers, industry "safety net" programs or other such 
measures . 

Most of the relevant shocks to a community ' s  economy are either demand shocks or 
supply shocks.  One example of a demand shock which may affect the wel fare of a forestry town 
is a change in world prices of forest products . Prices of forest products are set in international 
markets and the community faces perfectly e lastic demand for its forestry output. A change in  
world demand wi l l  be seen by the community as a change in  exogenous output prices. A 
dominant factor in  the determination of forest product prices is fl uctuation in demand caused by 
the busi ness cycle.  Volatil ity in demand causes volati l ity i n  prices. Three questions arise from 
this discussion: What is the welfare change from a price reduction? What is the welfare change 
from a price increase? If there is a cycle of equal but opposite price changes, do the welfare 
e ffects cance l out. 

Another type of demand shock is  a change in world prices of another of the community ' s  
exporting sectors . The prairie provinces depend highly on agriculture (and energy in Alberta) 
and growth in other sectors is desirable. The government of Alberta has stated publicly that they 
view the forest sector as a prime candidate for diversification of the provincial economy. I f  a 
larger forest sector reduces the wel fare impacts to the community of a shock to another sector 
then the potential for benefits from diversification is supported. 

An obvious example of a supply shock is a decrea..<;e in available raw timber. There are 
at least two reasons why a decrease in timber supply i s  a relevant issue. The first is the popular 
perception that our forests are being over-harvested and poorly regenerated and should be 
protected through reduced harvest. Second, fol lowing prudent and rational management of first
growth forests. harvest must be reduced as lower volume second-growth stands come on stream. 
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Estimating the Welfare Impacts 
There are three aspects to consider in developing a process to estimate the welfare effects 

on a community of changes in output prices or changes in  supply of a factor of production. First, 
t he model must be wel l  grounded in economic theory. Second, the modell ing process should 
represent the actual conditions in the community as closely as possible. The third consideration 
is the l imited avai labi l ity of data, along with the l imited time and financial resources of this 
project. 

A crucial aspect of the entire project is the relationship of a community ' s  forest sector to 
other sectors in the community. This fact requires that i nter-sectoral l inkages be represented in 
the model l ing process. Percy et al ( 1 989) provide an excellent discussion on the merits of 
competing modell ing processes and they conclude that the best process for representing a multi
sector economy is the general equil ibri um (GE) model .  GE models are wel l  supported by 
economic theory . Intersectoral and intrasectoral relationships are specified at the level of 
individual economic agents and aggregated from the "bottom up" ( Percy et ai, 1 989). A lso, key 
neo-c1assical economic concepts such as changes in relative prices and factor market relationships 
can be incorporated. 

Data and computational requirements of a GE model depend on the model ling frameworks 
that are employed. I f  the model is specified in terms of the levels of the variables of interest (ie. 
their physical quantities )  then data requirements can be excessive. A lso, important economic 
relationships are likely to be non-linear and the solution of the model might require complicated 
computer algorithms and extensive computer time. An alternative is to differentiate relationships 
and specify the variables by their rate of change rather than by their absolute value . This 
framework demands less data and, because the relationships are made l inear through 
di fferent iation, computation is easily done through simple matrix inversion. 

A General Equilibrium Model of a Regional Economy 
The fol lowing is a general equilibrium model of a small economy with three sectors and 

three primary factors of production .  The model draws heavi ly on the work of Percy et al ( 1 989), 
which is a model of  a provincial economy. Some direction is also taken from a model by Boyd 
and Hyde ( 1 989), which models the economy of a single community . There are three sectors in 
the model :  forestry, other tradeable goods, and non-traded goods, including services and the 
government sector. The three factors of production are labour, capital , and timber. 

In specifying the model many assumptions, which are explained at the appropriate time 
in the description of the specification, are made. These assumptions are of two general types. 
First. fi rms and consumers in the community are assumed to fol low various behavioural 
assumptions which arise from economic theory. Important examples of  such assumptions used 
in this model are profit maximization, perfect competition, and l inearly homogeneous Cobb
Douglas production functions. Second, assumptions are made to simplify the process. An 
example of this is the grouping of al l firms in the community into three sectors. These 
assumptions, though perhaps not totally realistic, are necessary if the model is to be practical 
under existing data and time constraints. 
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Production Functions9 
The following is a Cobb-Douglas production function for the forest sector: 

Where X is the output of the forest sector, Lx, Kx, and T x are labour. capital. and timber 
respectively used in the production of X. Y x and Zx are intermediate inputs of the other traded 
goods sector and the services and retai l  sector respectively. Under competition and constant 
returns to scale the exponents eiX represent shares of the ith input in the cost of producing X. Ax 
is the shift parameter. 

Using total di fferentiation to convert to the rate of change format yields: 

Substituting X for the term outside the brackets and using the circumflex to indicate proportional 
change lO  yields: 

(i) 

Intuitively, this equation sets the change in output of the sector equal to the average change in 
inputs. weighted by their shares in the cost of production.  There are similar equations for the 
other traded goods sector. y, and the service and retail sector, Z, which do not use timber in 
production: 

(ii) 

(iii) 

The variable M represents imports. which the service and retail sector uses as an input. 

Cost Functions 

'I The fol lowing equations (i) ,  ( i i )  and (i i i )  are not used in the final matrix because they are 
l i near combinations of the cost functions and input demand functions. They are described here 
because they are important in understanding how the variables in the model are related. 

1 0  for example: 

dX 
X 
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Under the assumptions of l inearly homogeneous production functions and perfect 
competition unit costs in a sector i l l  equal the producer' s output price. This result stems from 
the more basic economic relationship that, under the same assumptions, sales receipts equal 
production costs (Chiang, 1 984) . With Cobb-Douglas production technology, the cost function 
for the forest sector. X. can be defined as fol lows l l : 

_ _ 6u 6n 6n 6n 6zx ex - Px - PXW 'x s Py Pz 
Where Cx and Px are the unit cost and price of X, Px is a collection of  share parameters 1 2 .  w 
is the wage rate, rx is the sector-specific capital rental rate, s is the stumpage price, Py and Pz 
are the prices of intermediate inputs Y. the community ' s  other exporting sector, and Z. the 
service and retail sector. 

or: 

Using total di fferentiation to convert to the rate of  change format : 

dP _- 6u 6u 6np6np6zX[e dw e d,x 
+ e ds e dPy e dPz] P XW , S Y Z LX- + - + YX-- + zx-X w KX 'x TX s Py Pz 

( 1 )  

This equation describes output and input price changes in  the same way that equation 0 )  
described outputs and inputs. Likewise for the other sectors: 

(2) 

(3) 

Product Markets 
The constraint is imposed that product markets must clear. In other words. production 

in a sector is equal to demand. Total product demand is equal to domestic consumer demand 
plus intermediate demand by other local sectors plus exports. It is assumed that there is product 
homogeneity which means that consumers wi l l  purchase local products, which in turn means that 

I I  This result is obtained by assuming profit maximization under the constraint of a Cobb
Douglas production function. Using the Lagrangian method, unit cost is solved for as a function 
of input prices (Baumol. 1 977) .  

1 2  See Appendix 3 for description of p. 
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there are no imports i n  the two export ing sectors . The relationship is a straightforward adding-up 
equat ion : 

Assuming that consumer behaviour can be represented by a Cobb-Douglas uti l i ty funct ion local 
demand is as fol lows : 

I X = ex -D X P X 

Where a is the product ' s  budget share and 1 is consumer income. Assuming exporting firms face 
perfect l y  e lastic ex ternal demand for their product, exports are determined residual ly as the 
d i fference between production and local demand . Inserting local demand into the total demand 
equation and d i fferentiating gives : 

or, in  rate o f  change format : 

(�) 

Where Y'J is the share of sector j ' s  output going to i. This equation is not of the straightforward 
weighted average format. Change in  consumer demand for forest products is represented by 
income (a posit ive income effect) and price (a negative substitution effect). S imi larly, the other 
traded goods sector can be represented as fol lows: 

(5) 

In the serv ice sector there are no exports so demand is: 

(6) 

Factor Markets 
As in any market, the market for factors of production is characterized by demand and 

supply .  A sector' s demand for a factor can be derived from the sector' s cost function through 
Shephard ' s  lemma (Henderson and Quandt, 1 980). Shephard's  lemma describes the unit demand 
for a factor as the derivative of the cost function with respect to the price of that factor. 

Labour The forest sector' s  demand for labour is the unit demand (found through 
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Shephard 's  lemma) t imes the level of production, as fol lows : 

Di fferent iation yields: 

dL -X 6 6u- l  6.n 6np6np6zx[ dX (6 l) dw 6 drx 6 ds 6 dPy 6 dPz] x - px LXW ' S Y Z - +  LX - - +  KX- +  TX- + rx - + zX-P X w 'x s Py Z 

Substi tuting Lx for the term outside the brackets gives the final form of the equation : 

(7) 

The fi rst part of the right-hand side. X. describes the output effect. As output increases so does 
demand for an input .  The remainder of the equation describes substitution effects . As the price 
of another input increases then there wil l  be substitution away from that input. resulting in an 
increase in labour demand. The own-price substitution e ffect is of the opposite sign. Labour 
demanded by sectors Y and Z is as fol lows : 

(8) 

(9) 

The supply of  labour in the community is characterized, given the short-run scenario. by 
a ti xed stock of labour. This tixed stock of labour, which includes a natural level of 
unemployment. is mobile between sectors. The employed labour (LE) in  the three sectors plus 
the natural leve l  of  unemployment (Lv) wil l  equal the fixed labour stock (4) :  

or. i n  rate of  change formm: 

( 10) 
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and employed labour is tall ied as fol lows: 

The previous two equations are merely adding up equations. Sti l l  required is an equation 
speci fying the re lationship between the amount of labour supplied and the wage rate. Assuming 
labour responds to real wages, labour supply is as fol lows: 

where (it. is the elastic ity of supply of  labour and 0; is the budget share of  the i1h good. The rate 
of change format of  the equation is :  

( 12) 

As wages go up, so too does labour supplied . An increase in prices, which is the same as a fal l  
i n  real wages results i n  a decrease i n  labour supplied. 

Capital The supply of capital is fixed, immobile between sectors, and ful ly util ized in 
the short-run .  Since the change in  Kx is zero, the demand and supply of capital for a sector can 
be represented by a single equation: 

(13) 

and the other sectors: 

(14) 

(15)  

Timber The demand for timber by the forest industry is given as :  

( 16) 

Supply of timber is: 

( 17) 

Where (iT is the elasticity of  supply of  timber. This equation, l ike the labour supply equation, 
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comes from the theoretical definition of  elasticity of  supply (Henderson and Quandt. 1 980) . I f  
companies are under strict AAC regu lations then O'T is equal to zero. 

Imports The demand for imports by the service and retai l sector is of the famil iar type . 
S ince PM is determined outside the community. supply o f  imports is perfectly e lastic and only 
one equation is required : 

( 18) 

Intermediate Inputs There are demand equations for the SIX intermediate inputs as 
follows: 

( 19) 

(20) 

(21)  

(22) 

(23) 

(24) 

Supply of these intermediate inputs is represented in the product market equations . 

Consumer Income 
Income to the community is the sum of al l wages earned by labour plus some returns to 

capital . The assumption can be made that the capital equity in the exporting industries is held 
outside the community. while the service sector is owned locally .  This assumption is based on 
the fact that service industries tend to be small ,  locall y  owned businesses, while the exporting 
fi rms. particularly in forestry, tend to be large companies with their owners residing outside the 
community. Under this assumption returns to capital in the service industry contribute to 
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community income :  

(25) 

Other Assumptions 
The prices of exported goods are exogenous. while the output price in the non-traded 

sector is endogenous. A price shock is introduced to the system wherever that price appears in 
the equations.  A supply shock is introduced in equation ( 1 7) .  The change in timber used 
technical ly remains an endogenous variable in the model ,  but the equation is used to fix it at the 
predetermined leve l .  In this case the change in exogenous prices is zero. 

Measures of Welfare 
A measure of welfare must be specified before this model can be used to make statements 

about changes in community we lfare . Common wel fare measures in economic theory are 
consu mer' s surplus and producer' s surplus (Just et ai, 1 982) . These measures are difficult to 
estimate in a GE model such as the one developed in this chapter. I n  order to calculate 
consumer' s and producer' s surpl us demand and supply functions for all goods must be specified. 
The demand and supply functions used in the model are i n  differentiated form and only the slope 
of the functions, not their shapes, are known from the initial equi l ibrium conditions I J .  

A measure of  wel fare commonly used in GE models is the income earned by  factors of  
production (Boyd and Hyde, 1 989). I n  order to  contribute to  community welfare the income 
earned must stay in the community. Wages earned by labour c learly contribute in a direct 
fashion to community wel fare, as these returns constitute income of residents in the community . 
Returns to capital are not as straightforward. A portion of  capital returns would stay in the 
community. The amount that stays in the community depends on how much equity in the capital 
is held locally. As stated earl ier, an assumption can be made that the service industries are 
operated by smal l business owners,  and that the exporting industries are owned by larger 
corporations outside the community. Under this assumption only the capital wealth from the 
service sector contributes to community wel fare. Therefore, community income, as specified in 
equation (25)  is a measure of community wel fare. 

Data Requirements 
To use this GE mode l, data are required for the in itial sectoral distribution of 

ernploymeOl, factor shares in production and budget shares in consumption . The three- sector 
speci ficat ion of the model is well suited to using employment data from Section i l L  Forestry 
employmeOl is counted directly .  Employment in the other traded sector can be determined 
residual ly  as the remainder of the economic base after forestry . The service and retail sector is 
taken to be total employment minus economic base employment. 

Provincial averages can be used for the factor and budget shares, given the speci fication 

1 .1 For example. the shape of the forest product supply function must be known to determine 
what pOll ion of total receipts is producer' s surp lus and what portion is opportunity cost . 
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of the model . The Cobb-Douglas production and consumption functions imply constant returns 
to scale and constant shares. ceteris paribus. at any level of production. Data regarding averages 
of  budget and consumption shares for the province of Alberta can be found in Percy et af ( 1 989) .  
The economic and physical similarities between Alberta and the other two prairie provinces allow 
the Percy et af numbers to be used for all  three provinces. The detai ls of  these shares are found 
in Appendix 3 .  

How Shocks are Transmitted Through the Model 
Fol lowing the chain of events from the initial shock to the end result wi l l  provide insight 

into how the model works as wel l  as changes to other aspects of the community 's  economy. The 
fol lowing discussion uses a hypothetical community to show how two di fferent shocks. change 
in output price and change in supply of an input. have simi lar effects on the local economy. as 
pred icted by this GE model .  The changes to endogenous variables are found by inverting the 
matrix of 25 l inear equation:; described above. then mUltiplying the inverted matrix by the vector 
of exogenous impacts. 

The change in the price of  forest products appears many times in the model .  Most times 
it appears in input demand functions o f  the other two sectors and is of  l i tt le consequence. since 
forestry output is a minor input for these sectors. The equation that matters in introducing the 
price shock is the forest sector' s cost function. equation ( I ) . The decrease in output price causes 
contraction of the industry leading to reduced demand for inputs. which in turn leads to 
downward pressure on input prices . This sequence is implicit in the cost function. The most 
important input in terms of effecting change in the other sectors is labour because it has a large 
share of input cost and is used by all three sectors. The downward pressure on wages causes 
sector Y to expand because of the cheaper labour (equation 8) .  The transfer of labour is not 
complete, however. With positive.  finite e lasticity of labour supply some labour wil l  become 
unemployed (equation 1 2) .  Sector Z contracts, despite lower wages. because the decrease in  
community income caused by the combined effects of lower wages and less employment reduce 
product demand (equation 6). These changes are shown in Table 4. 1 .  

The decrease in timber supply has almost identical e ffects. in terms o f  direction of 
movement. on the economic variables (Table 4.2). The shock is introduced by fixing stumpage 
supply (equation 1 7) .  This change puts downward pressure on output and prices of other forest 
sector input plices through the stumpage demand relationship (equation 1 6) .  The key element 
is downward pressure on wages which causes changes to the other sectors in  much the same 
fashion as with the price shock. 

The Relationship Between FDI and Welfare Impacts 
This section uses the GE model to test the hypothesis that there is a positive. monotonic 

relationship between For and the magnitude of wel fare impacts from shocks to the forest 
industry .  This test wil l  involve inserting different sectoral employment shares into the model .  
There are two aspects of a community's economy. FDI and the size of  the community (more 
specitically base/total employment ratio), which influence the sectoral employment shares. In 
order to understand the impol1ance of  each of  these factors the ir welfare impacts are examined 
in isolation using hypothetical communities. 

The shocks simulated here are price and supply shocks. The price shock is a one percent 



Table 4. 1 :  Percentage change in  endogenous economic variables from a 1 % decrease in Px 
in  a community with 0.400 FDI and 4000 initially employed. 

variab!.: % change variable % change 

X (forestry output) - 1 ,486 Zx (sector Z output used by forestry) -2. 1 1 3  

Y (other exported output) 0.626 Zy (sector Z output used by sector Y) 0.999 

Z (s(:rvice and retail outpull -0.246 M ( imports used by sector Z) -0.6 1 9  

L x  ( labour i n  forestry ) -2.025 XE (forestry exports) - 1 .92 1 

Lv (labour in sector Y) 1 .089 Y E (exports by sector Y) 1 .406 

Lz ( labour in sector Z) -0. 1 58 w (wages) -0,46 1 

LE (em ployed labour) -0. 1 5 8  rx (capital rental rate in forestry) -2,486 

Lt· ( unemployed labour) 2.994 rv (capital rental rate in sector Y) 0.626 

Tx ( ti m be r  used i n  forestry) - 1 .243 r, (capital rental rate in sector Z) -0.6 1 9  

Xv ( forestry output used by seetor Y )  1 .626 s (stumpage fees) - 1 .243 

Xz ( forestry output used by sector Z) 0.38 1 Pz ( price of sector Z output) -0.37 3 

Y x (sector Y output used by forestry) -2.456 I (community income) -0.6 1 9  

Y z ( sectnr Y output used b y  sec tor Z) -().6 1 9  

3 5  

decrease l-l  i n  the world price o f  forest products. The supply shock i s  a one percent decrease 
in avai lable timber. (n using this GE model it is important to remember that all relalionships 
have been made l inear by the rate of  change format. This means that the predictions of the 
model are more rel iable for small changes in exogenous variables. The effects of shocks larger 
than one percent can be extrapolated linearly, but with decreasing reliability. 

Table 4.3 and Figure 4. 1 show welfare e ffects, measured as percentage change in 
community income, of price and supply shocks. The model predicts that (with constant 
community size), for both price and supply shocks, there is a nearly l inear relationship between 
FDI and income changes 15 . This relationship supports, but does not confirm, the previously 

1 4  The model is l inear and therefore symmetric. This symmetry means that equal positive 
shocks wi l l  have precisely opposite effects on endogenous variables. 

15 There are two other interesting points about these curves. First, very small FDI results in 
an income gain (Px only) because the negative effects to sector X are outweighed by the positive 
effects (decrease in an input price) to sector Y. Second, they are concave, probably due to the 
fact that as FDI increases linearly from zero to one, the ratio of the size of sector X to that of 
sector Y (therefore the ratio of negative effects to positive e ffects of the price decrease) increases 
non-l inearly from zero to in finity. If the much l arger harmful effects increase l inearly and the 
beneficial effects decrease at a decreasing rate, the overall effect is increasing income loss, but 
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Table 4.2 :  Percentage change in endogenous economic variables from a 1 %  decrease in T x 
i n  a community with 0.400 FDI and 4000 initiall y  employed. 

variahle % change variable % change 

X (forestry output) -0.322 Zx (sector Z output used by forestry) -0.273 

Y (other exported output) 0.078 Zy (sector Z output used by sector Y) 0. 1 27 

Z (service and retail output) -0.033 M (impons used by sector Z) -0.082 

Lx ( Iahour in forestry) -0.262 XE (forestry expons) -0.378 

Ly ( lahour in  sector Y) 0. 1 38 Y E (expons by sector Y) 0.202 

Lz ( lahour in sector Z) -0.020 w (wages) -0.06 1 
LE ( � m ploy�d lahour) -n.020 rx (capital rental rate in forestry) -0.322 

Ll· ( un�m ploy�d lahour) OA 1 3  ry (capital rental rate i n  sector Y) 0.078 

Tx ( timh�r used in forestry) - 1 .000 rz (capital rental rate in sector Z) ·0.082 

Xy ( f(lrcstry output used by sector Y) 0.078 s (stumpage fees) -0.678 

Xz ( f\lrcstry output used by sector Z) 0.082 Pz (price of sector Z output) ·0.049 
Y x ( scctor Y output uscd hy forestry) -().322 I (community income) -0.082 

Y z (scclor Y output used hy sector Z) -0.082 

stated hypothesis. I t  remains to be shown i f  this monotonicity holds over varying community 
size .  Table 4.4 shows the effects of  price and supply shocks for varying levels of community 
size l o and fixed FOI.  The model predicts that changing community size has no effect on 
percentage change in income .  

I f  the partial effect of community size on  income changes i s  zero. then welfare impacts 
from forest sector shocks predicted by this model are strictly monotonic with FOI. This result 
is important because it means a ranking of communities by FDI (such as the one derived in 
Section I I I  and shown in Tables A2. 1 and A2.2), also represents a ranking of communities by 
welfare impacts from forest sector shocks. The further conclusion can be drawn that. in the event 
of policy changes or external shocks. a ranking of communities by FOI, ceteris paribus. also 
represents a priority ranking for any government intervention which may be undertaken. 

Welfare Impacts of Specific Shocks 
This section examines in more detail the wel fare impacts of specific shocks which may 

affect forestry communities. These shocks are: cyclic forest product prices, a price shock to the 
community ' s  other exporting sector and a decrease in timber supply. These issues are brought 

at a decreasing rate. 

16 Total employment is used as a proxy for community size. 



Table 4 .3 :  Income effects of price and supply shocks in a community with 4000 initial ly 
employed . 

proportional loss 
i n  income (%) 

FDI Px = - 1 %  Tx = - l %  

0.0 -0.023 0.000 

0.2 0.306 0.04 1 

0.4 0.6 1 9  0 .082 

0.6 0.9 1 7  0. 1 24 

0.8 1 .20 1  0. 1 65 

1 .0 1 .472 0.206 

Where FDI is forest dependence index. Px is the percentage change in the price of  forest 
products, and Txis percentage change in timeber supply. 

3 7  

into a more real istic context by using real communities as examples and by measuring welfare 
impacts in  dollars rather than in proportional change. 

The model predicts proportional changes but, for community income (the current measure 
of welfare), monetary change can be calculated indirectly. This is done by assu ming an initial 
wage rate ! 7. and then finding the initial service sector capital returns from their share of 
community income ls . Once initial community income is known, the post-shock income is easily 
found from the changes in the wage rate, employment and the capital rental rate . To enable 
comparisons between communities of different sizes change in income is given in units of dollars 
per initial employee per month. 

Cyclic Forest Product Prices 

1 7  The wage used is S I 945 .62/month, the 1 986 industrial average for Alberta (Alberta Bureau 
of Statistics. 1 990) 

IX For example, i f  wage income is $ 1 000, 9Kz1 is 0.3 and service sector capital returns are x. 
then : 

x = 0.3( 1 000 + x) ;  x = $428.57 
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Figure 4. 1 :  Income losses vs .  FOI. 
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The ti rst set of  simulations (Table 4.5)  show the effects that equal but opposite shocks 
in the price of forest products, such as might occur from the business-cycle, have on the income 
of communities with different degrees of forest dependencel9. The price shocks are one percent, 
positive and negative . Table 4.5 shows the resulting changes in income, as well as the net 
change . 

The important resu lt i n  Table 4.5 is the symmetry of  the changes in  welfare, suggesting 
that the effects of cyclic prices cancel out with no net change. This result could have been easily 
predicted given the symmetric structure of the model .  The question of the net welfare effects 
of cyclic prices is not so easily answered. however, because of the possibi l ity that the elasticity 
of supply of labour is not symmetric .  

The concept of asymmetry in labour supply i s  wel l  supported in economic literature 
(McConnell  et ai, 1 990; Branson, 1 972) .  The underlying notion is that wages are more flexible 
upward than downward. If  a sector' s demand for labour increases, it is easy to increase wages 
to lure workers away from other sectors. Likewise. it is easy to offer workers a wage increase 

J 'J Two communities from each forest dependence category (Section 3) are shown. 



Table 4.4: Income effects of  price and supply shocks in a community with 0.400 FDI .  

proportional change 
Total in income (%) 

Employment Px :: - l% Tx :: - 1 %  

1000 0.6 1 9  0.082 

2000 0.6 1 9  0.082 

4000 0.6 1 9  0.082 

8000 0.6 1 9  0.082 

1 6000 0.6 1 9  0.082 

32000 0.6 1 9  0.082 

Where FDI is forest dependence index, P�is the percentage change in the price of forest 
products and T�is the percentage chagne in t imber supply. 

39 

to keep them. If demand for labour decreases then, in order to maintain previous employment 
levels. wages would have to fal l .  This decrease may be less l ikely to occur than an increase due 
to labour unions or other barriers .  

Table 4 .6 shows the welfare impacts of the same symmetric shocks, but  using a kinked 
labour supply curve:!o. There is now a net loss from symmetric price shocks. This result 
indicates that, under asymmetric labour supply, cyclic instabil ity causes a welfare loss to the 
community as measured against stable forest product prices2 1 • 

Under continuing cyclic prices, the short-run nature of  the model would predict cyclic 
wages. mirroring the price cycles, but with an increasing trend, The increasing trend is due to 
a ratchet effect caused by the asymmetric wage flexibility. Conversely, employment would 
ratchet downward. Over the time period of multiple business cycles (longer than short-run)  
labour migration would act to keep wage and employment trends level .  The important result 
remains intact : Over any one price cycle there is a net income loss compared to stable prices. 

The size of the income loss is directly related to the community ' s  degree of forest 

�o The labour supply curve is steeper for the positive shock (crL :: 0.2) than for the negative 
shock (crL :: 5) .  

� l  Neo-classical economic theory suggests that a consideration in this issue is the degree to 
which these income changes are anticipated. See Appendix 4 for a brief discussion .  
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Table 4.5 : Wel fare effects of symmetric price shocks. 

income change ($/employee/month) 

Community FDI Px = - 1  Px = 1 net 

Powerview 0.732 -2 1 .95 2 1 .95 0 

Hudson Bay 0.534 - 1 7 .26 1 7 .26 0 

Hinton 0.379 - 1 2 .64 1 2 .64 0 

The Pas 0.33 1 - 1 1 .34 1 1 .34 0 

S lave Lake 0. 1 42 -4.74 4.74 0 

Prince Albert 0. 1 1 0 -4.04 4.04 0 

Where FDI is the forest dependence index and p. is the percentage change in the price of 
forest products. 

dependence. As Table 4.5 shows the average monthly income loss in Powerview, Manitoba 
(FDI ,  0.73) is $ 1 3 .6522 compared to $2.06 for Prince Albert, Saskatchewan (FDI .  0. 1 1 ) .  
Powerview was classed as a heavily dependent community and its income loss is more than six 
times that of Prince Albert, a sl ightly dependent community .  

These income losses, even in heavily dependent Powerview ($ 1 3 .65 per employee per 
month), may seem small but it should be remembered that they are the result of smal l ,  one 
percent, shocks. In reality the shocks may be much larger. In fact, Boyd and Hyde ( 1 989) use 
an 1 8  percent price shock23 to drive their general eqUil ibrium model .  If the above result is 
extrapolated using 1 8  percent shocks, the result is an income loss of $247.70. This represents 
over twelve percent of their total income, certainly a significant loss. 

A Price Shock to the Community's Other Exporting Sector 
The prairie provinces are all dependent, at the macroeconomic level ,  on sectors other than 

22 Even though community income was chosen as the measure of welfare, the true welfare 
loss is  probably greater than the dollar figure indicates. Workers who are laid off during the 
downswing ;;uffer a much greater income loss than those who suffer a small wage decrease. If 
there is dimtn lshing marginal utility of money then the welfare loss to laid-off workers is greater 
than the income loss would suggest. 

23 The largest price deviations from the mean over their 1 4  year study period. 



Table 4.6:  Welfare e ffects of symmetric price shocks ( Px) with asymmetric labour supply 
(O"J.  

income change ($/employee/month) 

O"L = 5 O"L = 0.2 

Community FDI Px = - 1  Px = 1 net 

Powerview 0.732 -30.07 1 6.42 - 1 3 .65 

Hudson Bay 0.534 -23 . 1 5  1 3 . 1 0  - 1 0.05 

Hinton 0 . 379 - 1 6.68 9 .70 -6.98 

The Pas 0.33 1 - 1 4.89 8.74 -6. 1 5  

S lave Lake 0. 1 42 -6. I I 3.69 -2 .42 

Prince Albert 0. 1 1 0 -5 .2 1 3 . 1 5  -2 .06 

4 1  

Where FDI is the forest dependence index, O"Lis elasticity o f  labour supply and Px is the 
percentage change in the price of forest products. 

forestry . Alberta is dependent on energy and agriculture, and Saskatchewan and Manitoba both 
depend on agriculture .  Due to instability in these sectors the Alberta government intends to 
diversify the provincial economy and has stated that the forest sector is a prime candidate to 
contribute to this diversification .  The model can be modified to show the effect of a stronger 
forest sector on welfare impacts from cyclic prices in the dominant sector4• 

Crowsnest Pass, Alberta is heavily dependent on the Energy sector (EDI25, 0.55). 
Grande Cache. Alberta is moderately dependent on the energy sector (EDI, 0.32) as well as being 
moderately dependent on the forest sector (FD I ,  0 .26). Table 4.7 shows the income losses to 
these communities of  cyclic prices in the energy sector6• The income loss in Crowsnest Pass 
is more than double that in Grande Cache, supporting the idea that diversification reduces 
instabi l i ty .  

c.\  Technically speaking this analysis is identical to that in section 4 .B . l but the di fferent 
context makes it a worthwhile exercise. 

c5 Energy Dependence Index .  EDI = energy employment / base employment 

2f. For the purposes of  this analysis FDI and EDI of  these communities are adjusted so that 
they sum to one. 
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Table 4.7 : Welfare effects of symmetric price shocks in the other exporting sector. 

i ncome change ($/employee/month) 

(jL = 5 (jL = 0.2 

Community Py = - 1  Py = 1 net 

Crowsnest Pass -29.37 1 6.43 - 1 2.94 

Grande Cache - 1 1 .75 5 .6 1 -6. 1 4  

Where FDI i s  forest dependence index, (jL i s  elasticity of  labour supply an d  Py i s  the 
percentage change in the output price of sector Y. 

A Decrease in Timber Supply 
The next type of shock to be simulated is a decrease in the supply of timber. As was 

shown in section IV .D, as FDI increases so too does the loss of  welfare to the community . Table 
4 .8 demonstrates this relationship again ,  this time with real communities and monetary change 
in income. 

Hudson Bay, Saskatchewan. is a particularly interesting case. In  recent years timber 
supply problems have forced one of Hudson Bay ' s  three processing p lants to be shut down. The 
size of the supply decrease can be estimated ( in an admittedly ad hoc fashion) by reducing 
capital by one-third. The model predicts that a 25.32 percent decrease in timber supply would 
cause a one -third decrease in  capital use. Such a decrease in timber supply would, in the short
run. decrease average community income by $227.44/month ( 1 0.8%) and put 68 (8.4%) people 
out of work. 

Evaluation of Policy 
The preceding section outlined various instances where the welfare of certain communities 

may be adversely affected by shocks to the forest sector. The decision regarding whether or not 
government intervention is appropriate is a political one. The role of economists in this case is 
to point out the need for policy and to suggest alternative courses of action. 

There are many alternatives governments could undertake in aiding forest dependent 
communities. Schemes with various tax incentives, subsidies and regulations are innumerable . 
Three alternatives which stand out as l ikely candidates are even flow harvest. government funding 
of forest management, and direct income transfers. 

Even Flow Harvest 
Even flow harvest, or sustained yield, is a concept which has been around almost as long 

as forestry itse l f. There are two quite different objectives which advocates of a sustained yield 
program might hope to achieve. One objective of sustained yield is to ensure a long-run timber 
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Table 4.8 :  Welfare effects of  a decrease in timber supply.  

income change 
($/employee/month) 

Community FDI Tx = - I  

Powerview 0.732 -2 .99 

Hudson Bay 0.534 -2.3 1 

Hinton 0.379 - 1 .68 

The Pas 0.33 1 - 1 .5 1  

Slave Lake 0. 142 -0.65 

Prince Albert O. l tO -0.57 

Where FDI is forest dependence index and T x is the percentage change in timber supply.  

supply. The other objective is to promote community stability in  the short to medium term. It 
is the latter objective which is relevant here. 

Sustained yield can be simulated by setting the e lasticity of timber supply in equation 1 7  
to zero. This wil l  cause the supply o f  timber, T x '  to remain fixed. Table 4.9 shows the change 
to community income from constant harvest, using the scenario in Table 4.6 (cyclic prices under 
asymmetric labour supply) as a base for comparison. 

The results in Table 4.9 demonstrate the model ' s  prediction that constant harvest reduces 
the magnitude of the income change from both the positive and negative shocks, stabilizing 
community income. This stabi l ization has the effect of reducing net income loss from the price 
cycle. In The Pas, Manitoba, for example, average income loss is reduced by $ 1 .34/month, or 
22 percent of the original loss. The model supports the idea that stabilizing timber harvest wil l ,  
in the short-run. stabil ize community income, and in doing so, increase community income under 
cyclic output prices. 

The l iterature on sustained yield suggests that despite the above result, sustained yield 
may sti l l  be an economical ly unsound policy. Pearse ( 1 990) expresses a common lament of 
economists regarding sustained yield:  

" . . .  there is li tt le evidence to support the proposition that an even flow of timber 
over long periods wil l  promote regional stability . . .  it is l ikely instead to retard 
growth, adaptation to change, and real location of resources. "  

The suggestion is that. though i t  may have short-run benefits, a constant harvest policy may be 
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Table 4.9 : The effect of constant harvest on cyclic welfare impacts. 

income change (Slemployee/month) 

Cf,- = I Cf,- = 0 

crL = 5 crL = 0.2 aL :: 5 aL = 0.2 

Community FOI Px = - 1 Px = I net Px = - 1 Px = I net 

Powcrvicw 0.732 -30.07 1 6A2 - 1 3.65 -25.37 14 .62 - 10.75 

Hudson !lay 0.534 -23 . 1 5  1 3 . 1 0 - 1 0.05 - 19 .2 1  1 1 .33 -7.88 

Hinton 0.379 - 1 6.68 9.70 -6.98 - 14.21 8. 1 8  -6.03 

The Pa.� 0.3 3 1  - 1 4.H9 8.74 -6. 1 5  - 1 2. 1 1  7.30 -4.8 1 
S lave Lakc 0. 1 42 -6. 1 1  3.69 -2.42 -4.84 2.93 - 1 .9 1 

Prince Albert 0. 1 10 -5.2 1 3. 1 5  -2.06 -4.07 ZA8 - 1 .59 

Where FDI is forest dependence index, crL is elasticity of labour supply, crT is the e lasticity 
of timber supply and Px is the percentage change in the price of forest products. 

a disruptive force over a longer time period. An alternative policy of a regulated flow that is 
al lowed to adj ust to economic forces more permanent than the business cycle may be a viable 
option. 

Income Transfers 
Economic theory suggests that any intervention in market forces, such as imposing 

sustained yield, results in a decrease in efficiency. Boyd and Hyde ( 1 989) show that constant 
harvest resu lts in a short-run gain to the community, but an even larger loss outside the 
community. Losses outside the community in the present model would be a result of decreasing 
returns to capital in the exporting industries as well as a possible decrease in stumpage returns. 

The Boyd and Hyde result suggests that constant harvest is, in effect. an inefficient 
method of tranferring income from the macroeconomy to the community economy. A more 
e fficient method of income transfer might be direct transfer payments to the community. This 
type of policy currently exists, not only in forest dependent communities but across Canada, in 
the form of unemployment insurance (UI ) .  

The effect of an income transfer such as UI  can be simulated in  the GE model .  Using 
the same base scenario (Table 4.6), the effect of UI can be modelled as payments of 60% of their 
original wages to workers who become unemployed in the down side of the cycle. Table 4. 1 0  
shows the results.  As expected. the income loss from instability is substantial ly reduced over the 
ba..o;;e scenario .  The more important result is that. although UI reduces income loss from 
instability, it does not totally compensate for it . This result has implications for policy. I f  
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govern ments i ntended to compensate communities for economic instabilty then additional aid is 
required over and above unemployment insurance. The model can be used to determi ne the 
percentage of income compensation (as opposed to 60 % for U I) that would result  in no i ncome 
loss from instability. The prediction of the model is that compensating laid off workers for 74.5 
percent of  their original wages results in no i ncome loss from instability. In  Hinton, Alberta, for 
example trans fer payments would have to be increased by 1 9  percent, from a total of $24,603 
to $30,503. 

Subsidizing I nvestment 
Another popular method of supporting the forest i ndustry is government subsidization of 

forest industry investments. This support may take the form of s i lvicultural investments such as 
reforestation, or it may consist of capital investment. The present GE model can simulate this 
type of support as a capital infusion. The benefits to the forest company may not accrue for 
Illany years, but the benefits to the community wi l l  be fel t  immediately through the increased 
labour supported by the increase in the capital stock. 

Table 4. 1 0: The effect of Unemployment Insurance on cyclic wel fare impacts. 

income change (Slemployeelmomh) 

without UI with VI 

O'L = 5 O'L = 0.2 O'L = 5 O'L = 0.2 

Community fD( 1\ = - 1 Px = I net Px = -\ Px = I net 

Pllwerview 0.732 -30.07 1 6.42 - 1 3 .65 - 19.07 16.42 -2.65 

Hudson Bay 0.534 -23. 1 5  1 3. \ 0  - 1 0.05 - 1 5. \ 8  1 3 . 10 -2.08 

Hinton 0.379 - 1 6.68 9.70 -6.98 - ( 1 .05 9.70 - 1 .3 5  

Th e  Pas 0.3 3 \  - 1 4.89 8.74 -6. 1 5  - 1 0.0\ 8.74 - 1 .27 

Slave Lake 0. 142 -6. 1 1  3.69 -2.42 -4.1 3  3.69 -0.44 

Prince Alben 0. 1 10 -5.21  3. 1 5  -2.06 -3.73 3. 1 5  -0.58 

Where FDI is forest dependence index, crL is e lasticity of labour supply, crT is the elasticity 
of timber supply and Px is the percentage change i n  the price of forest products. 

The fol lowing simulation (Table 4. 1 1 ) again uses the cyclic scenario in Table 4.6 as a 
base for comparison. Also, i n  order to allow comparison of the effectiveness of  money directed 
to transfer payments and money spent on capital infusion, the dol lar value of the capital infusion 
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is equivi lant to the U I  payments27 in Table 4. 1 0. The effect of the capital infusion (undertaken 
during downswings only) is to reduce the income loss from i nstabil ity. Another interesting result 
is  that this loss reduction is only about 2 1  percent as that achieved by spending the money on 
direct transfer payments. 

There are other benefits of an increase in capital which do not appear in this analysis. 
These other benefits include the l ikel ihood that the new capital wi l l  not depreciate over one 
business cycle, and therefore contribute to future community income .  
Also, increased capital wi l l  increase income to  those who own it, and in this model owners of  
forestry capital are outside the community .  However, i f  short-run community income 
stabil ization is the pol icy goal, these factors do not affect the above result, which is: Money 
directed toward transfer payments is more effective at reducing income loss from instability than 
subsidizing capital investment. 

Table 4. 1 1 :  The effect of a capital infusion on cyclic wel fare i mpacts. 

income change ($Iemployeelmonth) 

wi thout capital infusion with capital infusion 

aL = 5 aL = 0.2 aL = 5 aL = 0.2 

Community FDI I'x = - 1 Px = I net Px = - 1 p. = I net 

Powervicw 0.732 -30.07 16.42 - 1 3.65 -28.59 1 6.42 - 1 2. 1 7  

Hudson /lay 0.534 -23. 1 5  1 3. 1 0  - 1 0.05 -21 . 50 1 3 . 1 0  -8.40 

Hinton 0.379 - 1 6.68 9.70 -6.98 - 14.90 9.70 -5.20 

The Pas 0.33 1  - 1 4.89 8.74 -6. 1 5  - 1 3.53 8.74 -4.79 

Slave Lake 0. 1 42 -6. 1 1 3.69 -2.42 -5.54 3.69 - 1 .85 

Prince Alhen 0. 1 10 -5.2 1 3 . 1 5  -2.06 -4.44 3. 1 5  - 1 .29 

Where FDI is foest dependence index, crL is elasticity of labour supply and Px is the 
percentage change in the price of forest products. 

Summary 
In this section a three-sector general equilibrium model was used to investigate how a 

community ' s  dependence on the forest industry is related to welfare impacts from shocks to the 
forest sector. The model was used in three ways. First, the model is used to test the hypothesis 

:'7 The dol lar value of initial Kx is found as fol lows: 
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that there is a positive, monotonic relationship between FDI and welfare impacts under shocks 
to the forest sector; second. the wel fare effects of specific economic scenarios were examined; 
and third. the relative merits of  three policy options. regarding compensation for welfare losses. 
were examined. 

The analysis in  the subsection on the relationship between FDI and wel fare impacts 
confirmed the hypothesis of monotonicity between forest dependence (measured by FDI) and 
welfare changes (measured by community income) from forest sector shocks. This result allows 
the usefu l  conclusion that a ranking of communities by FDI also represents a ranking of 
communities by wel fare changes from shocks to the forest industry. I f  governments decide to 
intervene and reduce welfare losses then. a l ist of communities ranked by FDI can be used in 
directing aid to where it is most needed. 

The investigation in  the subsection on wel fare impacts of specific shocks indicated that. 
under asymmetric labour supply andlor diminishing marginal util ity of money. cyclic price 
changes. such as might occur during the business cycle, result in a net welfare loss. In other 
words under cyclic forest product prices the benefits of the upswing do not compensate for the 
costs of the downswing. Community residents are worse off than under stable prices . The size 
of the net wel fare loss to the community increases with dependence on the forest industry. 

In simi lar analysis. it was demonstrated that welfare losses from cyclic prices in another 
basic sector are reduced with increasing size of the forest sector in a community. This result 
i l l ustrates that decreasing dependence on any industry decreases the community' s vulnerabil ity 
to external shocks. 

Another specific shock examined was a decrease in timber supply. An exogenous 
decrease in timber avai lable to the forest sector was found to impact negatively a community ' s  
wel fare . The welfare effect i s  positively related to the community 's  FDI. 

The ultimate goal of  this entire project is to help policy makers make better decisions 
regarding forest dependent communities. This chapter discussed three types of programs which 
governments may pursue in aiding these communities. They are summarized as fol lows: 

I .  Even flow harvest may be used to reduce instability from cyclic output prices. 
The GE model shows that under strict sustained yield there is a reduction in short
run welfare losses resulting from cyclic prices. 
2. Direct income transfers, such as VI, may be used to compensate residents. The 
model shows that VI does not fully compensate for welfare losses under cyclic 
prices. For ful l  compensation additional transfers would be required. 
3. Subsidized investment could be used to support the forest industry .  The model 
shows that a capital infusion equal to VI payments has a smaller positive impact 
on short-run community income. If short-run income stabilization is the pol icy 
goal. then dollars spent on income transfers are more effective. 
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v. Summary and Recommendations 
This report has three components which are distinct studies and, at the same time, 

intimately related .  First, there is  the development of  a method for identifying forest dependent 
communities, fol lowed by imp lementation of the method on prairie communities. The final 
component examines the implications of forest dependency to these communities, as well as 
impl ications of  policy. 

In the first component a method for identifying forest dependent communities has been 
derived. The method is founded in economic base theory and can be implemented at reasonable 
cost for a large number of communities. The first step is to estimate the economic base of the 
community, which can be done using the location quotient technique. Next, the forest 
dependence index ( FDI )  is calculated as the ratio of forest sector employment to economic base 
employment. Communities can be ranked by forest sector dependence with this measure. 

The fol lowing component contains an outline of the method used to identify the degree 
of forest dependency in al l communities of the prairie provinces of Canada. The results showed 
that there are only two communities. Powerview, Manitoba and Hudson Bay, Saskatchewan. 
which showed continuing heavy dependence on the forest sector. There are, however, many 
communities which show moderate or sl ight forest dependence. Forestry on the prairies does not 
dominate the economic picture but it is an important diversifying agent. 

The final component of  the research used a general equi librium model to estimate the 
effect that varying degrees of  forest dependency have on communities' wel fare. Sectoral 
distribution of employment is used to predict the welfare effects that forest sector shocks have 
on communities. The model predicts that wel fare changes from forest sector shocks are directly 
related to (FDI) .  

The general equil ibrium model is also used in  policy evaluation. Important results of this 
evaluation are : sustained yield decreases short-run income losses from output price instabi lity ; 
income transfers decrease losses from instabil ity but unemployment insurance, the standard 
i ncome transfer  method . is insufficient in compensating  for losses; capital subsidization decreases 
i ncome losses from instabil ity but the short-run effect is much less than i f  the dollars were spent 
on d irect income transfers. 

These policy recommendations are based on a general equilibrium model built from 
economic theory . The author acknowledges that the model has not been confirmed empirical ly .  
The mode l has been provided as a framework for analysis. Future research aimed at confirmation 
and calibration of this model could result in this framework becoming a useful and effective 
policy tool . 

This research could also be extended by expanding the range of policy options examined. 
The pol icy options which were modeled in this study are only a few of many avai lable. There 
are many tax regimes, industry subsidies and regulations which might also benefit forest 
dependent (ommunities. The framework provided here could be built upon and modified to 
model virtually any scenario that policy makers may wish to test. 

A final recommendation for further research is modification of the somewhat restricting 
short-run nature of the general equi librium model .  This would allow insight into the effects on 
forest dependent communities of more pennanent forest sector shocks. For example, the long-run 
e ffects of the mill closure in Hudson Bay would be an interesting study. 
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Appendix I.The Location Quotient's Ability to Measure 
the Size of the Economic Base 

Figure A 1 . 1  p lots the base/total employment ratio ( measured by the location quotient) 
versus total employment in the community. As expected from the discussion in Section I I, there 
is an inverse relationship. Using logarithmic trans fonnations of  both variables a regression line 
is fitted. For regression purposes the base/total ratio was adjusted downwards so that the fitted 
l i ne could converge to a positive minimum value instead of converging to zer028. 

A relationship between residuals from this regression and the characteristics of the 
communities would indicate that using the economic base measured by the LQ would be 
preferred to using the predicted value from the regression.  I f  there is no relationship or pattern 
of any kind to the residuals then the size of the economic base predicted by the regression would 
be preferred to the individual economic base measured by the LQ. Table A 1 . 1  shows all 
residuals plus or minus two standard deviations from zero. 

Examination of these results requires some subjective and qualitative interpretation. An 
argument was put forth in Section I I  that was based on central p lace theory. This argument 
stated that a community with a high place in the hierarchy of communities would have a lower 
base/total ratio than would be expected from its popUlation, and vice-versa for communities low 
in the hierarchy. Many of the communities with the large negative residuals, particularly 
Medicine Hat. Grande Prairie, Brandon, and Swift Current are regional service centres with a 
l arge out lying popu lation below them on the hierarchy. Many of the communities with the l arge 
positive residuals, particularly Fort McMurray, Leaf Rapids, Thompson, Fl in Flon, Snow Lake, 
Swan Hil ls ,  and Fox Creek, are isolated communities with very sparse population in outlying 
areas . 

These resu l ts are entirely consistent with the hierarchy of communities hypothesis. The 
location quotient technique is sensitive to such di fferences in  communities, and its use in this 
instance is supported. 

2X The regression l ine converges to 0. 1 5 . This was determined by iteration, maximizing R2 . 
The regression equation is :  

In(ratio - 0. 1 5) = 1 .284 - 0.3669In(total employment); R2 = 0.857 



Figure A 1 . 1 :  Base/total employment ratio vs. total employment. 
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Table A 1 . 1 :  Communities with high employment ratio vs. population residuals .  

Community Residual 

Fort McMurray .57 1 0  
Hinton . 54 1 0  
Leaf Rapids . 5258 
Thompson .46 1 9  
Grande Cache .4584 
Fl in Flon .4396 

Swan Hi l ls .4297 

S now Lake .4228 
Fox Creek .4 1 09 

Cold Lake .3460 

Grand Centre .3305 

Crowsnest Pass .3 1 03 

Spruce Grove - .3053 

Innisfai l - . 3056 

Swift Current - .3098 
Tisdale - .3556 

Brandon - .4463 

Airdrie - .5 1 64 

Grande Prairie - .5430 

St. Albert - .6642 

Medicine Hat - .6767 



Appendix 2. A List of All Prairie Communities With 
Some Forestry Employment 

Abbreviations used in this appendix are as fol lows: 

prov 

A 
S 
M 

CO 
Tot Emp 
Base 

For 

Province 

Alberta 
Saskatchewan 
Manitoba 

Census subdivision 
Total employment 
Total base employment 

Basic employment in 
forestry .  S IC #' s 03 1 .  
039.25 \ -259,27 1 -274 

S IC Standard Industrial 
Classi fication 

FOI Forest dependence index 

Ag Basic agriculture employment 
SIC #'s 00 1 -02 1 , 1 0 1 . 103 , 1 04, 105, 106 

Min Basic mining employment 
S IC #' s 05 1 -052,057-059,07 1 -073,099 

En Basic energy employment 
S IC #' s 06 1 ,064,096,365,369 

FH&T Basic employment in fishing, hunting 
and trapping. S IC #'s 04 1 .045,047 

55 

The forest dependency category cutoffs described in Section I I I  are indicated by the 
horizontal l ines in Tables A2. 1 and A2.2. 
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Table A2. 1 :  A l ist of all  prairie communities with some forestry employment. 1 98 1 .  

COM M U ;-.i ITY PROV 

I'OWER V I EW 

HUDSON B A Y  

SMI'ATON 

:-'lEATH PARK 

B I( ;  R I VER 

H I NTON 

COW I .EY 

THE PAS 

:-'lAYERTHORI'E 

S A N( ; U DO 

( iRANDE PRA I R I E  

I .EOV I I .I .E 

HI( iH LEVEL 

(iLASI.YN 

N I VERV ILLE 

BOYLE 

WH ITECOURT 

I 'ADDOCKWOOD 

S I .AVE I .AKE 

STEI N B AC H  

CHOICELAND 

H I NES CREEK 

SUNORE 

P R I NCE ALBERT 

W i l DWOOD 

HI(lH PRAIR I E  

KI NUSO 

nL! . I lURNE 

SPIRIT R I VER 

:-'I t\C i R ,\TH 

I J M M  

\VA I I t\:-'lUN 

:-'l ARYFII :U) 

C I\RROT R I VER 

W L M I l I .EY 

CROWSNEST PASS 

IWB I . I ;-.i  

S:-'10KY I . A KE 

SW.\N R I VER 

B I\ R R HEAD 

�L\NITOU 

COCHRANE 

�l I : A I )()W I .AKE 

1 . I .oYDM I NSTER (PART) 

RO CKY :-'1T. HOUSE 

I l YTHE 

1 ./\ RONeiE 

CI .ARESHOLM 

FAIRV IEW 

LDSON 

STI '. ANNE 

M 

S 

S 

S 

S 

A 

A 

M 
1\ 

A 

A 

S 

A 

S 
M 

A 

A 

S 

A 

M 

S 

,\ 

A 

S 
A 

A 

A 

A 

A 

/\ 

S 
A 

S 
S 

A 

A 

M 

A 

�1 
A 

M 

A 

S 

A 

A 

,\ 

S 

A 

A 

A 

M 

CD TOT EMP B ASE 

1 4  

1 4  

1 5  

1 6  

1 4  

:I 
2 1  

1 1  

1 3  

1 5  

1 6  

1 5  

1 7  

2 

1 3  

1 3  

1 5  

1 5  

2 

1 4  

1 5  

6 

1 5  
1 4  

1 5  

1 5  

8 

1 5  

3 

1 7  

I I  

1 4  

1 5  

9 

1 6  

1 2  

20 

1 3  

4 

6 

1 7  

1 0  

8 
1 5  

1 8  

3 

1 5  

1 4  

2 

250 

900 
40 

20 

220 

4040 
85 

2875 

440 

75 

1 3 1 60  

�5 

1 05 5  

1 60 

390 

1 8 5  

2735 

55 

2045 

2845 

1 25 

1 50 

6 1 0  

1 4505 

70 

1 070 

1 1 5 

1 40 

445 

3�5 

100 

200 

1 05 

365 

320 

2955 

550 

295 

1 2 85 

1 4 20 

245 

1 595 

1460 

4805 

22 1 5  

2 1 5  

1 25 5  

1 3 1 0  

1 225 

2820 

420 

2 1 9. 3  

575.4 

35. 1 

1 8.0 

1 83.9 

1 95 1 .9 

73.6 

1 3 32.5 

30R.4 

66.8 

3805.7 

69.2 

590.7 

1 1 5 .8 

274.5 

1 4 1 .8 

1 2 69. 1 

50.0 

970.2 

1 3 3 1 .5 

1 03.7 

1 3 1 .3 

384.5 

4280.4 

64.0 

553.6 

1 0 1 . 7 

1 05.5 

29 1 .6 

266. 1 

84.0 

1 7 3.2 

85 . 1  

22·U 

229. 1 

1 52 1 .7 

3 2 1 .7 

2 1 4.8 

599.4 

694.5 

1 79.3 

632.7 

68 1 . 3  

1 6 2 1 .9 

965.5 

1 6 1 .9 

747.7 

688.5 

576.9 

1 290.7 

28 1 .5 

FOR 

1 74.9 

366.3 

1 9.9 

10.0 

89. 1  

829.0 

29.9 

538.5 

1 03.9 

1 9.9 

1 094.2 

1 9 . 8  

1 64 . 1  

24.9 

58.7 

29 . 8  

253.9 

1 0.0 

1 90.2 

256.0 

1 9.7 

24.9 

68.5 

6910 

9.9 

84. 1  

1 4.9 

14.6 

38.6 

33.9 

9.8 

20.0 

9.8 

24.8 

24.2 

1 5 1 .3 

29.8 

1 9. 5  

52. 1 

58.8 

14.9 

50.5 

5 1 . 1  

1 1 0.4 

63.7 

1 0.0 

40.8 

36.4 

29.0 

63.0 

1 3 .7 

AG 

0.0 

9. 1 

6.0 

8.0 

0.0 

1 0.6 

0.0 

0.0 

0.0 

0.0 

8.7 

2 1 .5 

0.0 

4.0 

9.6 

3 .5  

1 2 .0 

0.0 

0.0 

96.3 

37.5 

0.0 

0.0 

8.3 

0.0 

0.0 

1 6.0 

0.0 

29.5 

3 1 .6 

35 .0 

0.0 

24.5 

1 3.4 

3.8 

0.0 

1 1 .5 

19.7 

0.0 

60.7 

44.2 
1 8 . 3  

0.0 

26.7 

0.0 

1 2.5 

0.0 

42.5 

7 . 2  

0.0 

0.0 

EN 

0.0 

0.0 

0.0 

0.0 

0.0 

582.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 33.4 

0.0 

44.2 
0.0 

0.0 

0.0 

63.4 

0.0 

0.0 

14.7 

23.9 

0.0 

1 0.7 

0.0 

0.0 

29. 1  

0.0 

0.0 

1 1 .9 

792.4 

0.0 

2.6 

0.0 

26.4 

0.0 

1 07.7 

0.0 

2 1 2.0 

304.0 

0.0 

0.0 

2.4 

23.3  

387.8 

0.0 

MIN FH&T HYDRO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

24. 7  

0.0 

402.5 

0.0 

47.4 

0.0 

0.0 

0.0 

247.3 

0.0 

2 1 0.5 

0.0 

0.0 

23 .2  

0 .0 

0.0 

0.0 

0.0 

0.0 

1 3 . 3  

0.0 

0.0 

0.0 

0.0 

0.0 

20.0 

3 1 .2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3 1 7. 5  

33.5 

0.0 

34.3 

0.0 

1 0. 3  

9 1 .3 

0.0 

0.0 

0.0 

0.0 

0.0 

9.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

14 .8  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

76.7 

0.0 

9.9 

0 0  

0.0 

0.0 

6.8 

0.0 

30.2 

0.0 

0.0 

0.0 

7. 1 

0.0 

0.0 

0.0 

0.0 

0.0 

0 0  

0.0 

0.0 

79.0 

0.0 

0.0 

0.0 

0.0 

5.0 

0.0 

0.0 

8.2 

0.0 

1 2.3 

0.0 

26.9 

4 .3  

0 .0 

6 .7  

3 .7  

0.0 

0.0 

0.0 

FDI 

0.7974 

0.6365 

0.5667 

0.5547 

0.4846 

0.4247 

0.4069 

0.4041 

0.3 368 

0.2984 

0.2875 

0.2 864 

0.2779 

0. 2 1 46 

0. 2 1 39 

0. 2 1 06  

0.200 1  

0. 1 996 

0. 1 960 

0. 1 923 

!l. 1 904  
0. 1 89 5  

0. 1 780 

O. H'i 1 9  

0. 1 54.1 

1) . 1 �20 

0. 1 466 

0. 1 385 

0 1 322 

0. 1 276 

0. 1 1 66 
!l. 1 1 53 

0. 1 1 49 

0. 1 1 06 

0. 1 056 

0. 0994 

0'(1925 

0.09 1 0  

0. O�69 

0. 0847 

I ,  · � .1 2 

79� 
, ; 7 5 1  

0.068 1 

0.0660 

(l.O6 1 5  

0.0545 

0.052K 

0.<)503 

().(l4�� 
0.(4)(6 



COMM U N ITY PROV 

IlEAVERLODGE 

LAC LA B I C HE 

FORT MACLEOD 

R I VERS 

VALLEY V I EW 

LLOYDMI NSTER ( P ART) 

OKOTOKS 

SPRUCE GROVE 

CREIG HTON 

PEACE R I VER 

GRANDE CACHE 

CAI .GAR Y 

N I I'AW I N  

M OR I N VI I .LE 

YOR KTON 

C,\ R M A N  

,\ I R D R I L  

MOOSE J AW 

TISDALl' 

FU N 1 ·l .ON ( PART) 

W I N N I PEG 

REIX.:LI I T  

1I0NN YVILLE 

H I(l H R IV ER 

P I NCHER CREEK 

WESTLOCK 

SELKIRK 

CANMORE 

CAMROS E  

W I N KLI :R 

FORT �lCMURRA Y 

S W I I T  C U R RENT 

J)RA YTON VALLEY 

LJ)MONTON 

ST. AUILRT 

SASKATOON 

�10RDEN 

R H ; I N A  

LLT H I I R I I X;E 

NORTH B ATTI . ITORD 

LLDUC 

�IEJ)ICI NE HAT 

A 

A 

A 
�1 

A 

S 

A 

" 

S 

" 

A 

A 

S 

A 

S 

�1 

A 
S 
S 

�t 

�t 

" 

" 

A 

A 

A 

M 

A 

A 

�1 

A 

S 

A 

A 

A 

S 

M 

S 

A 

S 

A 

A 

CD TOT EMP B ASE 

1 5  

1 2  

3 
7 

1 5  

1 7  

6 

I I  

1 8  

1 5  

1 5  

6 

l .t  
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5760 
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1 6385 
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5930 
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.t22.3 
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2.tS.9 

.t47.9 

1 .t 23.4 
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1 4 1 7.0 

559.9 

1 099.2 
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50465 . 1  
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23 1 1 .6 

.t09.5 
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57�.7 

2044.3 

354 1 2. 1  
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705.7 

770.6 

755. 1 
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1 90 1 .2 

1 1 39.0 

1 767.8 
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65.t4.2 

2054.6 

1 1 26.5 

43285.9 

342 1 .7 

20 1 55. 1 

802.0 

2 1 945.2 

6893.0 

1 990.8 

1 8 36.7 

5037.8 

FOR 

1 6.4 

1 8.6 

34.5 

8.9 

1 3 . 8  

4 1 .2 

1 8. 5  

34.6 

1 3 .4 

25.8 

29.7 

1 069.0 

1 4.0 

1 4.9 

45.8 

7.7 

23 .6 

89.8 

9.6 

33.4 

4S I .0 

1 0.5 

9.2 

9. 1 

8.6 

8.6 

20.6 

1 1 .5 

1 7. 3  

8.7 

54.7 

1 5 .7 

8. 1 

303.5 

1 8.4 

1 05.7 

4.0 

1 0 1 . 2 

28.6 

6.6 

3.6 

0.8 

AG 

27.2 

0.0 

30.0 

1 5 .5 

0.0 

0.0 

25.8 

20.0 

0.0 

0.0 

0.0 

1 25.3 

7 1 .3 

1 7 .5 

5 1 .2 

58.4 

20.3 

72.7 

1 3 .9 

2 1 . 1  

595.9 

27.7 

1 2 .0 

42.6 

1 3 . 1  

0.0 

0.0 

0.0 

6 1 .3 

98.2 

2.2 

29.6 

0.0 
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24.0 

882 . 1  

56. 1 

259.8 

732.5 

9.8 

2 3 .6 

1 45.9 
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0.0 

2.9 

0.0 

0.0 

53 .3  

270.4 

1 8 . 1  
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0.0 

0.0 

1 036.0 

1 0430.5 

0.0 

6.9 

0.0 

0.0 

50.7 

34.6 

0.0 
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67.6 

0.0 

38.4 

1 1 .7 

22 1 .3 

33.2 

0.0 

0.0 

1 9 .8 

0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 

91.6 

0.0 

0.0 
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0.0 
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0.0 

0.0 

0.0 

0.0 
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0.0 

0.0 

0.0 
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0.0 

0.0 

0.0 

0.0 
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0.0 

0.0 

0.0 

0.0 

0.0 
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0.0 

0.0 

0.0 

0.0 

0.0 
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0.0 

1 0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 

0.0 
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0.0375 
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0.0307 
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0.0 1 98 

0.0 1 87 

0.0 1 86 

0.0 1 84 

0.0 1 66 

0.0 1 63 

0.0 1 36 

0.0 1 33 

0.01 30 
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0.0 1 08 
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Table A2 .2 :  A l ist of a l l  prairie communities with some forestry employment. 1 986. 
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1 4  

1 6  

1 6  
9 

1 4  

1 7  

2 1  

1 7  

1 5  
1 9  

1 9  

I X  
1 3  
1 3  

1 7  

1 9  

1 7  

2 

1 4  
1 7  

1 6  

1 4  
1 4  
1 6  
1 8  

8 

1 7  

1 5  
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1 8  

6 

1 2  

1 8  

1 8  

6 
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9 

1 7  

2 

20 

9 

3 

1 8  

3 
1 4  

1 8  

3 

1 5  1 5 .0 

1 0  1 0.0 

200 1 70.6 

8 1 5  48 1 .5 

265 208.9 

25 24.3 

30 26. 1  

4370 2286.9 

1 85 1 54.7 
3005 1 3 89.0 
I SOO 787.9 

00 49.6 

355 22 1 .2 

1 4235 3358.3 

1 6 1 5  1 0 1 1 .2 
375 246. 1 

2845 1 357.7 

85 76.7 

1 5 5 1 211.7 

1 1 80 590.3 

3480 1 492.6 

330 232.9 

2660 1 1 87.0 
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3530 1 446.3 
700 435.5 
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1 80 1 36.6 

1 1 0 96.3 
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280 2 1 2. 1  

400 27 1 .3 

200 1 70. 1 

1 970 850.3 

465 3 1 4.6 

2945 1434.2 

370 249.5 
1 70 1 3 1 .9 
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2480 1 0 1 8. 3  

480 3 1 9.0 

825 487.0 

1 25 5  597.6 

265 1 74.2 

335 264.8 
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1 5 .0 0.0 

1 0.0 0.0 

1 24.9 0.0 
257.3 8.7 

94.3 0.0 
9.9 0.0 

1 0.0 7. 1 

867. 1 4.8 

54.5 8.5 

459. 1 0.0 
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1 4.9 9 .2  
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923 . 1  0.7 

258.6 0.0 
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1 4.9 0.0 

24.9 0.0 

1 1 1 .8 0.0 
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9.8 0.8 
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39.4 0.0 
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67.2 1 2.7 

24.6 0.0 
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9.9 1 8.5 
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1 9.2 65.2 
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14.6 0.0 

37.8 2.4 
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0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 
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0.0 0.0 

769 . 1  0.0 
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0.0 0.0 

5 1 .0 94.5 
0.0 0.0 

0.0 1 6. 3  
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324. 1 0.0 
0.0 6. 1 
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0.0 0.0 

0.0 0.0 
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9. 1 0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0984 

0.0920 
0.0904 

0.0867 
0.0790 

0.07 8 1  

0.0780 

0.0772 
0.07S) 

0.0746 

0.0625 

0.06 1 0  

0.0602 
0.0586 

0.0580 

0.0555 
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7 
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2 
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2 
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300 1 79.9 

1 5 55 763.7 
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50 1 0  1 3 1 0.3 

840 46 1 .6 
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2625 1 207.6 
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600 375.3 
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2355 922.9 
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1 7 .0 

9.4 

1 4.3 

55.4 

40.6 

14. 1 

27.4 

27.9 
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1 00.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 

0.0 

0.0 

0.0 

0.0 
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0.0 
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Appendix 3: Technical Details Regarding the General Equilibrium 
Model 

Cost Functions 
The value of the com posite parameter Px is defined as fol lows: 

Where A is the shift parameter in  the original Cobb-Douglas production function. 

Share Parameters 
The data used to define the share parameters of the GE model draw heavily on the AL TIM model 

of Percy et al", ( 1989). ALTIM model led the province of Alberta's economy, but the constant returns 
to scale assum ption allows the use of ALTI M ' s  share parameters in this model of a community economy. 
ALTIM divided Alberta's  economy into 1 3  sectors. For the purposes of this model these sectors will  be 
combined as fol lows: 

- The forest  sector will include ALTIM ' s  forestry, wood products, and pulp and paper 
sectors. 

- The other exporting sector wil l  include ALTIM's  agriculture, energy, mining, food and 
beverage, secondary manufacturing, non-metal mineral, primary manufacturing, and 
construction sectors. 

- The service sector will  inc lude AL TIM ' s  service and government sectors. 

The shares derived from AL TIM are as fol lows: 
9LX = 0.2887 YDX = 0.0507 
9KX  = 0 .2322  YyX = 0.0508 
9rx = 0. 1 55 2  Yzx = 0.0599 
9yx = L ('649 YEX = 0.8386 
9zx = 0 .2590 

9Ly = 0. 1 54 2  
YDY = 0. 1 1 37 

YXY = 0.0389 



8Ky = 0.3967 

8xy = 0.0 1 58 

8zy = 0...+ 3 3 3  

8LZ = 0.3542 

8KZ = 0 . 3 388 

8xz = 0.0000 

8yz = 0.06 1 6  

8MZ = 0.2455 

8EL = 0 .95 

81 11 .  = 0.05 10 

-_ I 1 , crl . -_ I 1 1  crT 

YZY = 0.2528 

YEY = 0.5946 

Yoz = 0.562 5  

Yxz = 0.0 1 5629 

YYZ = 0.42 1 9  

ax = 0.0094 
ay = 0.20 1 9  

u-l = 0.7888 

8E1 = 0.599 1 3 1  

8KI1= 0...+009 

6 1  

29 For the province o f  A lbena. A community' s  shares (Yx.z and yy-z) are adjusted. making the 
ratio of shares equal to the ratio of employment shares (eXL and eYL) for the two exponing 
sectors. 

30 Assume natural unemployment rate is 5%. 

3 1  For A lbena. Assume Albena is at the horizontal asymptote of the base/total ratio vs. 
commun ity size re lationship in  Appendix 1 (ratio = 0. 1 5) .  Sector Z's capital i ncome share is 
adjusted down according to community size based on that relationship as fol lows (let r = 
community ' s  ratio ) :  

(1. - 1)  
r let x ;: --- .4009 

(_1 - 1) . IS 

x SKU = ---
.5991 + x  

32  Unless otherwise stated i n  Section IV .  

3 }  Unless otherwise stated in  Section IV .  
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Appendix 4: Anticipated Welfare Losses From Cyclic Prices 

A consideration in the issue of welfare losses from cyclic output prices is the degree to which 

these price swings are anticipated. Neo-classical economic theory suggests that to the extent that the 
business cycle price changes can be predicted, and to the extent that labour markets are working, workers 

wi l l  insu late themselves agai nst inc ome losses ( i f  any) by demanding higher wages than might be found 

in a more stable com mu n ity . 

I f. however, there were market fai lures present which prevent markets from reac hing an acceptable 

solution then the , el fare loss from i nstabi l ity would also be present. An example of such a market failure 
is incomplete i n form ation available to workers which would not allow them to make optimal decisions. 
The attention given to cyclic instabi lity by policy makers and researchers suggests that welfare loss from 
instabil ity is i ndeed a problem. 


