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Abstract: This paper analyses how dependence on primary production, distance, climatic
conditions and the intensity of land use bring about variations in economic well-being
in rural areas. The conventional interpretation in Finland often concludes that
economic well-being declines as dependence on primary production increases.
The potential oversimplification implied by this statement was studied by testing
the explanatory power of distance from the nearest large city, effective temperature
sum and the proportion of fields in a comparative setting. The results revealed that
economic well-being in rural Finland is best explained by the effective temperature
sum, followed by distance, dependence on primary production and the proportion of
fields. The only element of well-being which is determined chiefly by dependence on
primary production is educational capital, causing a bottleneck preventing rural areas
from becoming competitive and hence attractive to new knowledge-intensive
industries. These results cast light on the spatial conditions under which the current
economic evolution towards a service and knowledge society is taking place and on
the spatial manifestations of remnant economic structures in disadvantageous
locations.
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Yhteenveto: Tassa artikkelissa tutkimme, kuinka riippuvuus alkutuotannosta, etaisyydesta,
iimastosta ja maankaytdstda on yhteydessa maaseutualueiden taloudelliseen
hyvinvointiin Suomessa. Tutkimuksemme pohjautuu perinteiseen nakemykseen siita,
ettd taloudellinen hyvinvointi vahentyy alkutuotantoriippuvuuden lisdantyessa. Tata
oletusta tutkimme eksploratiivisesti testaamalla kolmen selittdvdn muuttujan
selitysvoimaa suhteessa alkutuotantoriippuvuuteen. Kaytetyt selittdvat muuttujat
olivat alueen etdisyys lahimpaan suureen kaupunkiin, tehoisa lampdsumma ja
peltopinta-alan osuus alueen pinta-alasta. Tulokset paljastavat, ettd taloudellinen
hyvinvointi maaseudulla on parhaiten selitetty ilmastoa kuvaavalla tehokkaalla
lampbésummalla, toiseksi parhaiten alueen sijainnilla eli etaisyydellda suureen
kaupunkiin, ja vasta kolmanneksi parhaiten alkutuotantoriippuvuudella. Heikoin
selittaja hyvinvoinnille oli peltopinta-alan osuus maapinta-alasta. Ainoa hyvinvoinnin
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osatekija, joka maarittyi selkeasti riippuvuudesta alkutuotantoon, oli koulutuksellinen
paaoma. Tuloksemme valottavat spatiaalisia olosuhteita, joissa talouden evoluutio
kohti palvelu- ja tietoyhteiskuntaa tapahtuu, ja paljastavat epasuotuisten sijaintien
merkityksen taloudellisessa hyvinvoinnissa.

Avainsanat: Hyvinvointi, maaseudun kehitys, kvantitatiiviset menetelmat, Suomi

1. Introduction

The role of agriculture and forestry in employment has consistently diminished in rural Europe
over recent decades. In the boreal zone, labour productivity has increased in the forest sector,
reducing the amount of labour required in forestry and the forest industries, while efficiency has
increased in agriculture. For rural Finland, this has meant that unemployment has remained
high, reflecting structural problems and a lack of opportunities for economic diversification.
Sparsely populated areas in the north of the European Union are examples of the areas which
face high unemployment and relative low incomes (Glgersen et al. 2005). Rural Canada faces
comparable problems (e.g. Freudenburg & Gramling 1994; Overdevest & Green 1995; Stedman
et al. 2004; Stedman et al. 2005; Patriquin et al. 2007). The decline in rural economies is
normally said to be due to a combination of local factors such as a small, declining and ageing
population, distant location, a weak infrastructure of communications and services, and
industries that are in their mature stage (Markey et al. 2006). Many of these factors are really
effects of rural decline and not its ultimate causes, which leads one to think that a wider,
geographical research setting could give more valid results.

The reasons for rural decline are thought to depend very much on the rural economic structure
and its dynamics. Less attention has been paid to the physical properties of given areas,
the impacts of which on economic performance and economic well-being have mostly been
recognized by comparing countries (Sachs & Warner 1997a; 1997b; Gallup et al. 1999). Only
afew papers such as Glgersen et al. (2005: 155-159) have addressed this issue in their
interpretations of the reasons for rural decline. At the regional level, the transformation to
a knowledge economy, that is urban-centric, is most problematic in rural areas which are
heavily dependent on inadequate regional assets and human skills or generating new
production (Kangasharju & Pekkala 2004). As regional development and economic well-being
are increasingly related to the utilization of knowledge in a few locations, we assume that
the location of an area related to urban networks has a crucial impact on rural economic well-
being. The physical attributes of a region that affect economic well-being may be accounted for
by considering its climatic conditions and land use, the values of which vary or become
transformed in the course of long-term development.

In this paper we set out to investigate how dependence on primary production, distance from
urban centres and physical attributes affect the elements of economic well-being in Finnish rural
areas at a micro-area level. That is, we propose to analyse the root causes of economic well-
being and the significance of confounding factors in explaining its components and to visualize
and test their respective impacts in a research setting that involves the consideration of three
variables at a time. To our knowledge no research of this kind has previously been carried out
at the postcode area level. We focus our analysis on rural Finland in 2003-4.

2. Economic well-being, dependence on primary production, and
geography

Individuals, regions and countries strive for economic well-being, a concept that is associated
with “being well, happy and prosperous” and clearly mirrors the satisfaction of human needs
(van de Ven et al. 1999; Kainulainen et al. 2001; Karvonen & Kauppinen 2009). One major
issue when defining economic well-being as the satisfaction of human needs is what factors
provide the means for generating economic well-being for individuals or for an area at large. For
many, economic well-being stands for reasonable incomes, financial assets, employment and
education (Stedman et al. 2004). Based on the literature and on Finnish empirical studies, we
regard economic well-being as consisting of five dimensions of human life: incomes, education,
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net property and debts and the risk of becoming unemployed (e.g. Stedman et al. 2004: 221;
Karvonen & Rintala 2007; Karvonen & Kauppinen 2009; Patriquin et al. 2007). The formation of
this asset we will explain by dependence on primary production and geography existing in
a rural setting.

As the central source of economic well-being, one common characteristic of rural areas is their
reliance on resource-based production. Efforts to describe resource dependence in economic
approaches have usually been based on employment and income statistics, in order to measure
the proportion of economic activities linked to specific industries (Mekbeb et al. 2009: Stedman
et al. 2004, 221; Patriquin et al. 2007). The most common way to capture dependence is to
express it as employment in natural resource industries as a proportion of total employment
(Stedman et al. 2004). Here, we therefore chose to use the proportion of employees in
agriculture, forestry and fishing within the total number of employed persons by post code area
as the indicator of dependence. The notion of dependence on primary production is somewhat
narrower than the often used term resource dependence (ibid.), but it is better suited for our
purposes.

Primary production dominance is traditionally associated with lower economic well-being,
implying that the latter can be interpreted as indicating that the markets for production factors
are unbalanced (Krugman 1991). Pressures to restructure exist, and the imbalance could be
corrected by better spatial allocation of the factors of production. This may mean investments
on-site, improving local competence, or migration, i.e., an overall balance in the spatial
economy can be achieved in various ways. Papyrakis and Gerlagh (2007) compared regional
economic growth rates in the United States and suggested that while abundant natural resource
extraction should fuel growth in the early stages of development, reliance on natural resources
for economic activity may reduce entrepreneurial activities and lessen the incentives for
innovation and economic diversification. From the viewpoint of sectoral restructuring, rural
decline is interpreted as being the outcome of recessive economic structures and their
underlying causes.

The findings of earlier studies have often revealed the negative impacts of forestry dominance
(dependence on logging) on economic well-being, such as high poverty rates and
unemployment (Freudenburg & Gramling 1994: Overdevest and Green 1995; Stedman et al.
2004; Stedman et al. 2005; Patriquin et al. 2007). Leake et al. (2006), for instance, found that
forest dependence in Canadian communities had a significant positive correlation with
the unemployment rate and an increase in the poverty of households over the period 1986-
1996. As shown, economic structures correlate with poverty, but poor wages are only the top of
the iceberg of the complex causes of poverty. Geographically marginal regions have tended to
suffer most in Europe, as a result of more difficult natural conditions (Espon Project 2.1.3). In
Finland, the structural change in agriculture has been most pronounced in the climatically colder
and physically more hilly eastern rural areas, as it is here that the numbers of farms have
decreased most during recent decades (Pyykkdénen 2001). At the same time, agricultural
production has become more capital-intensive, which has lowered the level of agricultural
employment. Sub-regions based more on primary production had on average lower productivity
and lower growth in productivity in the 1990s than regions relying more on other industries
(Kangasharju & Pekkala 2004).

At a time when economic growth is concentrated in the largest cities, geographically marginal
regions have tended to suffer most in Europe due to their more problematic location, resource
dependence and natural conditions (Terluin & Post 2000; Espon Project 2010). In Finland,
the growth of a new knowledge-based economy in large urban areas and adjacent rural areas
has attracted labour from less productive sectors and areas (Castells & Himanen 2002; Tervo
2009). Similarly, in Canada rural areas close to the largest cities have succeeded better than
other rural areas in compensating for employment losses in the primary industries, as they have
benefited from commuting to the regional cores (Partridge et al. 2007; Polése & Shearmur
2004). These studies suggest that the more peripheral a locality is, the more disadvantaged it
will be, partially due to low population density and remote location. Thus, economic well-being
occurs unevenly geographically, often as a result of core-periphery mechanisms, raising
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the question of the extent to which the level of economic well-being in an area is dependent on
its position in spatial structures and on its natural conditions.

The poor development in rural economic well-being in Finland is undoubtedly dependent on
natural and human spatial attributes, the values and cost effects of which are not equally
distributed geographically. The reasons for poor economic performance may be a matter of
distance, climate, land use or structural properties created by human agency. This still
ambiguous interpretation leads us to study what are the root causes for rural decline.

3. Hypotheses, explanatory variables and data
3.1 Research hypotheses

In order to be able to investigate the impact of the less conventional spatial attributes, relative
location and physical attributes, on economic well-being in rural areas when approaching
the topic in an otherwise traditional way, we assume in the first hypothesis that the constituents
of economic well-being at a postcode area level decline as dependence on primary production
increases. We will use the results of this analysis later to analyse how causal this statement
actually is. This line of reasoning is consistent with theories which explain the shift of
employment and investments away from less profitable industries to more lucrative ones as
compensations for the factors of production diminish (Krugman 1991). The first hypothesis can
be investigated by means of bivariate correlation analysis.

Economic deregulation has taken place in Finland unveiling geographical differences and their
impacts on the costs of production. Thus, we put the second hypothesis that the variation in
rural economic well-being can be explained at least in part by the spatial variation in place-
specific attributes related to climate, location and land rather than by dependence on primary
production because they have an impact on the costs structures of production and subsequently
on incomes. The place-bound cause of the decay in economic performance in peripheries is
that profits fall and production pushes out from marginal lands leaving such areas available for
less economic use. The more marginal an area is in terms of location and physical attributes,
the less advantageous the cost structures will be for new production and living. There is much
evidence that natural conditions, such as climate, soil, accessibility, have impact on industrial
development, the level of income, settlement patterns and population development globally in
the long term (Sachs & Warner 1997a; 1997b; Gallup et al. 1999; Hill & Gaddy 2003; Zhang et
al. 2011), although many social and individual reasons influence locational decisions at a micro
scale (Lundholm 2007; Tuhkunen 2007; Heleniak 2009; Partridge 2010). Our focus is on
the first-mentioned structural spatial dependencies.

Some of the rural areas have gained better initial advantages on the strength of their spatial
physical attributes than other areas, rendering them more successful and giving them a higher
level of economic well-being. We postulate in that the impact of distance has been highlighted
since the last urban-centric ICT-based period of economic growth, and we investigate
the determinants of economic well-being in 2003-2004, when the most intense boom phase was
over (Colecchia & Schreyer 2002; Jalava & Pohjola 2007). The empirical independent variables
are distance of each rural postcode area from the nearest large city (over 100 000 inhabitants),
the local effective temperature sum (ETS) and the proportion of fields within the total surface
area. We refer to these as spatial attributes, as they vary systematically in the geographical
space for a particular physical or social reason. Our second hypothesis is supported by previous
findings implying that distance from an urban environment is an important variable explaining
development (e.g. Partridge et al. 2007; Partridge et al. 2008) and that the impact of
the effective temperature sum on costs and production favours location in the temperate zone,
and encourages industrial concerns to develop their activities there (Gallup et al 1999; Hill &
Gaddy 2003). The prevalence of fields evolved in response to regional variations in natural
conditions with respect to fertile land and climate.

We assume in the third hypothesis, based on the existing literature on the rapid spatial
concentration of economic activities and urbanization (Mukkala 2004; Cutrini 2010; Andaluz et
al. 2002), that the impact of relative location is higher than the impact of climate (ETS) and
the proportion of fields on the economic well-being of rural areas. This hypothesis arises from
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the second one, because it is unclear which are the underlying processes behind dependence
on primary production which seem to lead to low economic well-being and spatial shifts in
productive capital. This hypothesis is investigated by means of the permutation test described
below.

To test the second hypothesis, non-parametric regression analysis is employed to create
surfaces which show the impact of the spatial attributes and dependence on primary production
on the various components of economic well-being. We use non-parametric regression because
it allows us to visualize the impacts simultaneously and thereby permits visualization of possible
confounding spatial attributes, contrary to traditional bivariate correlation analysis. The non-
parametric surfaces are made with the Nadaraya-Watson estimator and can be written for
multivariate predictors as (Faraway 2006)

n

K(X—X, /)Y,
. (1),

fz(i) = n
D K(X=%;14)
j=1

where w, = K( 2 jj/l. K is a kernel whereIK:1. A is the bandwidth which controls

the smoothness of the fitted curve and therefore determines how far away observations are
allowed to be from x and still contribute to the estimation of f,(x), here to the economic well-
being of the rural areas concerned.

Non-parametric surfaces are used to assess the impact of relative location, effective
temperature sum and the proportion of fields on the economic well-being of rural areas by fitting

linear regression models to the non-parametric surfaces. For this purpose the estimated surface

was divided into s x r grids with a uniform scale for all the explanatory variables. These

midpoints(xk xd), s =1,.,19 and r=1,...,19, can be understood as xy-coordinates where

s 1
the values x*, k=1,...,3, represent the variables of the spatial attributes of location, land and
climate and the x® values represent the values for dependence on primary production.

The estimation results obtained from the non-parametric regression are saved in the matrix
Y = [y:fr] where s=1,2,...,19 and r=1,2,...,19, where y!' € R*denotes the s" row of the matrix
Y for w=1,...5, independent economic well-being variables and x,, € R denotes the s™ row of

the matrix X* for k=1,...,3 dependent variables measuring spatial attributes. The dependent
values were standardized in order to be able compare the results between variables. The linear
regression models for the spatial attributes are estimated as

yy =al + BEx (2).

e 'Se

Similarly, let x{ e R* denote the r'" column of the matrix X ¢. The regression model for
dependence on primary production is then defined as

yy =al + Baxs (3).

rNer

After estimation of the regression models, the average difference in the estimated regression

1 19 1 19
slopes (by ) can be calculated as b§ ==Y Bl —==>" A5 .
n'ss N
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In third hypothesis, to investigate whether the impact of relative location (i.e. distance) is higher
than the impact of other spatial attributes on economic well-being, we applied the permutation
test to assess the mean difference in the estimated regression slopes. The permutation test
provides a simple means of computing the sampling distribution for any test statistic, given
the null hypothesis that dependence on primary production and the other explanatory variables
have similar impacts on economic well-being in rural areas on the estimated non-parametric
surfaces. The permutation test was performed in five steps:

1. Draw a resample of size 19 from the first sample without replacement and
a separate resample of size 19 from the second sample.

2. Compute the difference between the means for the two samples as
by =E2ﬁs"_ —EZﬁf’r , where BY and SX are sampled regression slopes for

variables of the spatial attributes and dependence on primary production, and save
the results.

3. Repeat steps 1 and 2 a further k times to construct a bootstrap distribution for
the statistic by~

4. Sort b,'j*(') ,1=1..., rinto increasing order, to obtain bg*(l) <...< bg*(”

5. Calculate the pseudo-significance level for an observed b; based on this distribution
by comparing b:j*(“)with bg , where « is the selected pseudo-significance level. If

by >by® | dependence on primary production does not have a similar impact on
economic well-being in rural areas to the other explanatory variables.

3.2 Measuring economic well-being, the explanatory variables and areal units

In order to focus our approach on economic well-being, we included variables of the proportion
of people with a university degree, household income by consumption unit, household debt,
household net property and the unemployment rate, data on all of which are available at
the postcode area level from Statistics of Finland (SuomiCD 2006). These variables are similar
to those used in many previous analyses of economic well-being in Finland (e.g. Siirila et al.
1990; Vaattovaara 1998; Kainulainen et al. 2001; Karvonen & Rintala 2007; Karvonen &
Kauppinen 2009) and are fairly consistent with the corresponding measures used in past
studies in Canada and the United States (e.g. Stedman et al. 2004: 221; Patriquin et al. 2007).
The exact definitions and years for the variables are presented in Table 1.To be consistent with
past research by we use this broadened suite of indicators instead of focusing on poverty as
many others have done (Stedman et al. 2004). However, we lack indicators for living conditions,
such as health and environment, and happiness, such as community ties, friends, and work
satisfaction. These assets have been regarded as important factors of well-being (e.g. Moss
2006).

The variable associated with the components of economic well-being in the bivariate correlation
analysis is dependence on primary production, represented by the number of employees in
agriculture, forestry and fishing as a proportion of the total number of employees in each
postcode area. Agriculture and forestry are the two dominant resource-based sectors in rural
areas in Finland, representing 55 per cent and 44 percent of total employment in primary
production in 2004. The explanatory variable depicting the relative location of an area in relation
to the largest cities (over 100 000 inhabitants) is expressed in terms of the distance from
the centroid of each postcode area to the nearest city centre. The variables indicative of
regional variations in the natural potential of the land and climate are expressed by the area of
the fields as a proportion of the total surface area of each postcode district as obtained from
Corine Land Cover data base produced by the Finnish Environment Institute and by
the effective temperature sum as recorded by the Finnish Meteorological Institute. The higher
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the proportion of the fields to the more suitable the soil may be assumed to be for agriculture,
and the more viable the remnants of past rural settlement policy. The effective temperature sum
indicates roughly the differences in the growing season and the suitability of the geographical
position of each area, especially for primary production.

Variable Definition Year

University degree People with a university degree as a proportion of the total 2003
population aged 16-74 years

Unemployment rate | 15-74-year-old unemployed job seekers on the last day of the | 2003
year as a proportion of the total labour force

Household income | Taxable income per household (state taxation), including 2004
earnings and capital income (€)

Household debt Average debts per household (€) 2004

Household net Average taxable property per household (less debts) 2004

property

Dependence on Employees in agriculture, forestry and fishing as a proportion 2004

primary production | of all employees in the area (%)

Tab 1. Definitions of variables measuring economic well-being and dependence on primary production. The data are
from the years 2003 and 2004.

The postcode area constitutes the smallest regional statistical entity based on functionality in
the distribution of a service, namely the postal service. Due to limitations on the data or
reporting techniques, earlier studies have typically focused on the county or municipality level —
a level of aggregation that obscures important community-level diversity (Mekbeb et al. 2009).
Our analysis differs in this respect, as the database consists of 1856 postcode areas located in
rural municipalities in 2005 (for the classification of municipalities, see Malinen et al. 2006)

(Fig. 1).

LT

;glliu’riclpallty classes

Urban municipalities
/1 Urba
-
municipalities
B Core rural municipalities

- Sparsely populated
rural municipalities

Fig 1. Rural postcode areas and municipality classes in Finland. The rural postcode areas were selected so that
the majority of their total surface area was located outside urban municipalities.
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4. Impact of dependence on primary production, location and natural
conditions on the elements of economic well-being

4.1 The impact of dependence on primary production on economic well-being

The results of the bivariate correlation analysis employed here to test the first hypothesis — that
the constituents of economic well-being decline at the postcode area level as dependence on
primary production increases — show that a decrease in the level of household income and
a decrease in human capital (measured by the proportion of residents with a university degree
in each postcode area) are associated with an increasing proportion of primary production
(Table 2). Primary production partly explains property values in rural areas in the following way:
the higher the proportion of primary production, the larger are household net assets.

Our ensuing analysis then revealed that debts in particular are better explained by distance and
natural conditions. Unemployment correlates slightly but significantly with dependence on
primary production. Our first hypothesis is thus proved not rejected, especially in the level of
education and incomes decline as dependence on primary production increases. The situation
in the case of household debt and unemployment is different, however, as the poor correlation
seems to indicate that dependence on primary production is relatively insignificant and is
actually a confounding factor in the relationship between economic well-being and other
explanatory variables. To get a more profound understanding we next investigate the role of
distance, climate and land-use in explaining the spatial distribution of well-being.

Variable Correlation with N Mean |SD Min Max
dependence on primary
production
University degree -0.583 *** 1856 6.24 3.81 0 30
Household income [-0.464 *** 1856 | 23,597 | 4,795 13,751 74,327
by consumption unit
Household debt (€) [0.116 ** 1856 | 46,985| 15,245( 11,433 | 123,774
Household net 0.382 *** 1856 56,116| 19,057 | 8,295| 258,941
property (€)
Unemployment rate |0.112 ** 1856 13.79 7.24 0 52

*p<0.05; **p<0.01; ***p<0.001

Tab 2. Elements of economic well-being and their correlations with dependence on primary production.

4.2 The contributions of distance and natural conditions to economic well-being

4.2.1 Relations of the elements of economic well-being to dependence on primary
production and distance from the nearest large city

We started to test the second hypothesis, concerned with the underlying factors behind
dependence on primary production, by comparing the explanations given by dependence on
primary production and distance for each component of economic well-being, taking the level of
education first. Since primary production almost solely employs specialized labour in farming
and forestry, local labour markets become thinner and more one-sided, with a lower educational
level, as the proportion of primary production increases (Fig. 2a, 1% right panel; Table 3). Thus,
the spatial variation in education levels can be explained well as the inverse of dependence on
primary production. As the postcode areas cover only rural areas, the impact of distance from
a large city remains less visible in educational structures, although such an impact does exist.

In contrast to the rural USA, for instance, rural unemployment in Finland is higher than urban
unemployment and is concentrated in the remotest peripheries (Pehkonen & Tervo 1998; Tervo
1998; Rusanen et al. 2001; Parker et al. 2010). Thus unemployment is highly sensitive to
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distance from a large city, and it is related to dependence on primary production in a more
complex way than is revealed in Table 2 (see Fig. 2a, 2" panels). The impact of dependence on
primary production on unemployment is convex in form, so that relatively robust agricultural
areas, where dependence is modest, have low unemployment compared with areas where
dependence is very low or very high (ibid). Unemployment nevertheless plagues all rural areas
in @ manner that is largely independent of dependence on primary production and is explained
better by relative location. In general terms, the more peripheral an area is relative to large
cities, the more unbalanced its labour market is (Fig. 2a, 2™ right panel).
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Fig 2a. Dependence on primary production, distance from the nearest large city and economic well-being.
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Economic performance in rural areas is poor in both a structural and a spatial sense, as
household incomes decline with distance from the largest centres. However, this decline
dampens with increasing distance (Fig. 2a, 3 panel) and it is the impact of the local economic
structure which remains somewhat stronger in determining household incomes (Table 3).
The decline of incomes smoothes out as both distance and the proportion of primary production
increase, although plunges in income are found where primary production areas start and
where the proportion of primary production is highest (Fig. 2a, 3™ panel). The former reveals
the interface where high-income suburban rural areas give way to primary production areas and
the latter depicts very small, one-sided, poor communities in peripheries. In spite of the different
tails of the slope distributions, the regression slopes behave similarly in the main, and there is
no significant difference in explanatory power between distance from a centre and dependence
on primary production, but the latter does provide a slightly better explanation in a rural setting
(Table 3).

Variable Independent variables | Mean slope Permutation
p-value
University degree Resource -1.725|< 0.001
Distance -0.773
Unemployment Resource 0.288 (< 0.001
Distance 4.662
Household income Resource -1701.85( 0,169
Distance -1618.76
Household debt Resource 2317.295|< 0.001
Distance -9155.22
Household net property Resource 7954.623 < 0.001
Distance -4024.18

Tab 3. Results of the permutation test on the slopes of dependence on primary production and distance. The main
contributing factors are in bold and confounding factors in italics.

Household debts usually indicate investments in housing and anticipate future growth in
the locality concerned, an expectation of a kind that does not exist to any great extent in
marginal, declining areas. In the present case household debt decreases with increasing
distance and with decreasing dependence (Fig. 2b, 1% right panel). The permutation test
demonstrates that the impact of distance predominates (Table 3). The very strong dependence
on distance is explained by the fact that most debtor households are concentrated in areas
located close to large cities, as the highest debts belong mostly to commuters who have
invested in housing. This means that dependence on primary production is a weak, confounding
factor for the spatial variation in household debts. In part it is mixed with the larger investing
grain farms situated in wealthier regions near to larger cities (Myyra & Pietola 2001), but in
general the result reveals that if distance is constant an increase in primary production
increases debts in a rural area slightly.

Growing dependence on primary production increases the net value of a household’s property
but to the trend decelerates once specialization has reached a certain point. The increase is
the result of an increase in capital-intensive primary production and the value of the industrial
capital invested (Fig. 2b, 2" panels). The influence of robust farming areas is seen in
the change in the rapidly growing slope coefficients, whereas in the areas that have specialized
most in primary production the increase in net property values levels off (Fig. 2b, 2", right
panel). Even so, the impact of dependence on primary production on the net value of a rural
household’s property is higher than the impact of distance (Table 3). The impact of the proximity
of a large city on net property values is explained by the higher value of houses and other
properties brought about by wealthier households and increasing competition for residential
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land in the vicinity of urban areas (Fig. 2b, 2", left panel). The inverse S-shape of the contours
reveals that net property values in semi-peripheral areas remain rather stable in relation to
distance (150-300 km), except in the remotest peripheries, where they fall (Fig. 2b, 2", left
panel). In practice, the postcode areas with very low values are found in eastern and northern
parts of the country. Hence, current development is clearly urban-driven, as shown in Finland
and elsewhere (e.g. Anselin et al. 1997; Glgersen et al. 2005; Partridge et al. 2007; Partridge et
al. 2008; Tervo 2009). Peripheral areas combined with low productivity estates are less
profitable and household incomes in general are lower, and hence net property values do not
accumulate in households.
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Fig 2b. Dependence on primary production, distance from the nearest large city and economic well-being.
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4.2.2 Elements of economic well-being and their relations to effective temperature sum
and dependence on primary production

The impact of climatic conditions, in practice geographical location on a north-south axis,
represents a strong explanatory factor (Fig. 3, Table 4), explaining four out of the five
components of economic well-being better than does dependence on primary production, and it
only does not outweigh the impact of dependence on primary production in explaining the level
of education (Fig. 3a, 1** panel, Table 4). Due to the nature of the production processes
involved, dependence on primary production lowers the educational level most, with the lowest
proportions of people with a university degree being concentrated in areas which have a low
effective temperature sum, in northern Finland. Dependence on primary production has
the greatest effect, but every warmer, more southerly location has a higher level of educated
human capital available for generating economic development than more northerly ones with
a comparable dependence on primary production (Fig. 3a, 1% left panel). Climatic conditions
constitute the main underlying driver behind the rest of the components, pointing to an evident
discrepancy on a south-north national core-periphery scale in Finland.

Variable Independent variables | Mean slope | Permutation p-value

University degree Resource -1,73(<0.001
ETS 1,163

Unemployment Resource 0,891 (<0.001
ETS -6,199

Household income Resource -1624,38 | <0.001
ETS 2225,558

Household debt Resource 2121,2(<0.001
ETS 9663,227

Household net property Resource 6615,64 |<0.001
ETS 10992,59

Tab 4. Results of the permutation test on the slopes of dependence on primary production and effective temperature
sum (ETS). The main contributing factors are in bold and confounding factors in italics.

As found earlier, the unemployment rate is poorly explained by dependence on primary
production (Table 2; Fig. 3a, 2" panel). The areas of low unemployment at any level of
dependence on primary production are located in areas with climatically favourable conditions.
Hence, ETS has a much stronger association with unemployment than does dependence on
primary production, the impact of which is marginal (Table 4). Remote, cold environments were
intensively colonized by farming and forestry in the past, and increased productivity with
a relatively stable output has caused high unemployment. Nowadays the highest estimated
unemployment rates occur in areas where dependence on primary production is about 15 to
40 percent (Fig. 3a, 2" panel), whereas the situation is much less serious under better climatic
conditions. Thus the shape of the contours indicates that unemployment in cold northern rural
areas is worsened by dependence on primary production.
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Fig 3b. Dependence on primary production, effective temperature sum and economic well-being.

Apart from a few localities, there are pressures to reduce the population in areas where
maintaining population levels is costly. Cold, remote regions are not granted such large
subsidies, or else their productivity remains low and no new industries emerge. Hence incomes
usually decline in relative terms. Household incomes decrease the colder the location of an area

230/239



and the region depends on primary production. However, in highly resource-dependent areas
incomes do not rise very high even when the climate is favourable (Fig. 3a, 3" panel). These
associations indicate that cold climatic conditions lead to lower pecuniary well-being in addition
to some degree of dependence on primary production. A cold climate creates costs, which
worsen the socio-economic position of the local people, especially when the government
ceases to invest in or subsidize frontier resource areas, as seen in many instances (Hill &
Gaddy 2003; Markey et al. 2006; Cooke & Leydesdorff 2006). Hence, the decline in local
remote economies in cold environments and out-migration from such places will easily
accelerate as the impact of market rules increases.

One corollary arising from the above tendencies for regression in economic development is that
household investments financed by debt remain low in cold environments. Household debts
increase the more favourable the climate is (in terms of ETS) and the higher the weight
attached to primary production (Fig. 3b, 1% panel). In such a situation the impact of dependence
on primary production is again lower than that of climatic conditions, whereupon dependence on
primary production becomes a weak confounding factor as far as household debts are
concerned (Table 4). Households naturally invest in housing and productive capital, but it is
a favourable location with good climatic conditions and jobs available which matters most. In
practice, the result points to a shift in the intensity of household investments from the rural north
and northeast towards more favourable climatic conditions.

The pattern of household net property resembles that of household debt to some extent, and
dependence on primary production has an obvious impact on net property values (Fig. 3b, 2™
panel). Again climatic conditions have a higher impact than dependence on primary production,
however, which reduces the latter to a weak confounding factor (Table 4). The areas of
the highest property values are located in the south and are dominated by primary production.
The spatial patterns of household debt and household net property reflect differences in
the pace of economic activity and the valuation of land and other assets between north eastern
and northern parts of the country and the south. The differences in the contributions made to
production factors, which in turn are mirrored by differences in economic well-being, indicate
that after the resource frontier phase and the colonization of the peripheries the means of
production tend to concentrate in climatically more favourable areas, which is the main reason
for differences in property values.

4.2.3 Dependence on primary production, the proportion of fields and economic well-
being

The intensity of land use for agriculture, as measured by the field area as a proportion of
the total surface area of a postcode district, has minor impacts on the spatial patterns of most
components of economic well-being, as indicate by the vertical contour lines in Fig. 4a (1* and
3" panels) and Fig. 4b (1% panel). Unemployment and household debt are the components of
economic well-being which are explained better by the proportion of fields than by dependence
on primary production (Table 5).

As shown earlier, increasing dependence on primary production strengthens the non-academic
aspect of the occupation structure, whereas an increasing proportion of fields has a weak but
positive association with a higher level of education (Fig. 4). In practice this refers to more
intensive land use, usually taking place under better climatic conditions and closer to larger
cities, where the level of education is higher than in the periphery, although the impact of
the proportion of fields is smaller than the contrary impact of dependence on primary production
(Table 5). Both dependences reflect the spatially selective nature of development, as
educational levels are affected differently in robust areas and in resource-dependent peripheries
(cf. Tables 3 and 5).
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Variable Independent variables Mean slope |Permutation p-value
University degree |Resource -2,052 (<0.001
Proportion of fields 0,496
Unemployment Resource 0,403 |<0.001
Proportion of fields -2,957
Household income | Resource -1966,68 [ <0.001
Proportion of fields 1120,164
Household debt Resource 2391,2831<0.001
Proportion of fields 6310,415
Household net Resource 6971,596 | <0.001
property Proportion of fields 648,313

Tab 5. Results of the permutation test on the slopes of dependence on primary production and the proportion of
fields. The main contributing factors are in bold and confounding factors in italics.

The most robust areas with low unemployment are ones which have a high proportion of fields
combined with high dependence on primary production or a very diverse economic structure
(Fig. 4a, 2™ panel). The latter situation, indicated by low dependence on primary production,
refers to commuter areas and small industrial centres, which, if they are also strong farming
areas, will have low unemployment.

As expected in view of more viable farming, household income is positively but weakly
correlated with the proportion of fields but negatively with dependence on primary production
(Table 5, Fig. 4a, 3™ panel). The results indicate that a low intensity of rural land use pushes
income levels down, as they are higher in areas which have more intensive arable land use at
the same level of dependence on primary production.

Capital is needed for running large-scale farms and for house construction, which will tend to
increase debts. Thus rising household debts are better explained by an increasing proportion of
fields than by dependence on primary production. This pattern is the result of investments
carried out on larger farms, so that this type of increase in household debt is better
distinguishable with higher proportions of fields. The major debt upslope, however, comes from
housing investments in the proximity of a city in climatically favourable areas (cf. the respective
slope coefficients in Tables 3 and 4). This gives an estimate of how rural areas will segregate
spatially in the future, showing that centripetal forces are strong and that rural development in
economic well-being will diverge spatially.

The pattern of household net properties reveals that primary production pushes this measure up
more than does the proportion of fields (in Fig. 4b, 1% panel). Comparing this with earlier results,
we must conclude that specialized, often large farms in economically diversified environments
are indebted, whereas an increase in dependence on primary production indicates an increase
in people’s possession of forest properties, which are not usually financed by loans. This is in
accordance with the interpretation of increasing debts as being associated with the proportion of
field area (Table 5 and Fig. 4b, 2" panel). Nevertheless, high net property values are more
a result of location in more southerly, climatically warm areas which benefit from the proximity of
a city (cf. Fig. 3b, 2" panel and Fig. 4b, 2" panel).
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Fig 4a. Dependence on primary production, proportion of fields and economic well-being.
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4.3 Comparison of the impacts of relative location and physical attributes

In the third hypothesis we assumed that the impact of relative location on the economic well-
being of rural areas is greater than that of climate or the proportion of fields. The test revealed
that ETS overrides distance in its impacts on four elements of economic well-being, and that
the results are significant (Table 6). Only the average household debt by postcode area, in
practise large investments by households in rural exurbia and the decay in economic activities,
mostly farming, towards the periphery, leads to the explanation that distance and ETS are
approximately equally powerful explanatory variables and ETS gives a better explanation.
Distance overrides the proportion of fields in explaining every component of economic well-
being (Table 6). Hence we reject the hypothesis that the impact of relative location is greater
than that of natural conditions on the economic well-being of rural areas, at least as far as
climatic conditions are concerned.

Variable Independent [ Mean Permutation [Independent | Mean Permutation
variables slope p-value variables slope p-value
University ETS 1,163|<0.001 Fields 0,49605 [ <0.001
degree Distance 0,7731 Distance 0,7731
Unemployment [ETS 6,199473 [ <0.001 Fields 2,95775(<0.001
Distance 4,662896 Distance 4,662896
Household ETS 2225,559|<0.001 Fields 1120,165 [ <0.001
income Distance 1618,76 Distance 1618,76
Household debt |ETS 9663,228 0,8745 | Fields 6310,416 [ <0.001
Distance 9155,22 Distance 9155,22
Household ETS 10992,59 [ <0.001 Fields 648,3134|<0.001
property Distance 4024,183 Distance 4024,183

Tab 6. Results of the permutation test on the slopes of pairs of selected variables. The main contributing factors are
in bold and confounding factors in italics.

In the above comparative setting involving three variables (Table 6) the impact of distance was
more powerful than that of the proportion of fields, but climatic conditions explained economic
well-being best. If the spatial economic system continues to become concentrated on account of
the economies of agglomeration and restructuring of the former industrial base, the climatically
least appealing, remotest and least productive areas will remain poor in terms of economic well-
being and productive capital. This implies that the situation will maintain a state of spatial
imbalance, which in turn will fulfill the logic of Krugman’s theory in the sense that this imbalance
will lead to a gradual spatial reorganization of the Finnish country side.

5. Discussion and conclusions

Our results indicate that the components of economic well-being in rural Finland are best
explained by the effective temperature sum, with distance as the second best explanatory
variable, followed by dependence on primary production and lastly the proportion of fields.
The strong economic performance achieved by countries in the temperate zone has been
demonstrated in the literature, and the same tendency is found here at the regional level as
the productivity of land and labour increases. The differences in economic well-being indicate
an ongoing spatio-economic shift in the factors of production from a resource-based to
an urban-centric knowledge economy located in climatically more favourable parts of
the country. Moreover, the differences indicate the potential for a continuation in this shift. At
least two spatial economic processes can be identified on the basis of the results.
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First, Finland’s spatio-economic structure is highly unbalanced from the viewpoint of
a geographically efficient use of labour. Unemployment is high in the peripheries, and economic
activity is dependent on the network of centres as indicated by the urban-centric accumulation
of investments as measured in terms of household debts and properties. A knowledge economy
provides an increasing number of jobs, intensifies the demand for a more educated labour
force, gives better incomes and creates higher property values than resource-based economic
activities, especially in peripheral areas, where production is less efficient and less productive.
The paradox in this is that regional and welfare policies which were created to reduce spatial
discrepancies have in fact managed to create a more unbalanced regional economic situation
than economies which are stronger and led by market mechanisms (Puga 2002). The balancing
mechanisms which Krugman’s theory includes do not work well, but the centripetal mechanisms
assumed in the theory do work and generate an inflow of resources towards the urbanized
areas.

Second, economies of scale and increases in productivity in agriculture and forestry create
a polarized pattern of development which arises out of the components of economic well-being,
which also constitute the central part of the production factors, namely human, financial and
educational capital. Our analysis of the physical variables confirmed that a climatically
favourable location close to large cities combined with intensive agricultural land use engenders
areas with a relatively high level of economic well-being. Such conditions also generate a higher
accumulation of capital, i.e. the sum of net properties and debts, and higher incomes in
intensively cultivated rural areas. Production is capital-intensive, as revealed by the high debt
figures. Hence, it is not necessarily primary production per se which creates low economic well-
being but other factors, such as natural conditions and relative location. The only element of
well-being which is decisively determined by dependence on primary production is educational
capital, causing a bottleneck preventing rural areas from becoming competitive, and hence
attractive to new knowledge-intensive industries.

Regional variations in climate, relative location and land use affect local economic well-being via
the spatially divergent performance of production, manifesting itself in spatial differences in
household incomes and resulting in the re-investment of assets and a shift in employment from
less profitable areas to more lucrative ones. The impact of a lower effective temperature sum is
to increase the costs of primary production in particular, which is not now compensated for in
the same way in Finland as formerly, as the economy is more open than earlier and the impact
of absolute advantage matters more. Under such conditions, migration would balance
the spatial distribution of production factors if the competitiveness of rural areas couldn’t be
improved, or if the demand for commodities which benefit from being located in rural areas does
not grow. The prevalence of fields evolved in response to regional variations in the natural
fertility of the land and climate, causing agriculture to cluster in robust areas in the south.
The spatial inequalities and their links with dependence on primary production can lead easily to
its interpretation as the root cause of inequalities, which is actually is a spurious relation. It is
just one layer detracting from former investments. Our results mirror the current economic
evolution towards a service economy and knowledge society and the spatial manifestations of
remnant economic structures in disadvantageous locations.
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