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FIRE AND FUELS

CO, AND SO, EMISSIONS IN THE FINNISH ECONOMY, 1800-2005

Jan Kunnas

From the beginning of the 19th century, Finland has gone through a transition from a wood based
energy system to a fossil fuel based one. The article focuses on the environmental consequences of
Finland’s transition from a proto-industrial agricultural society to a “post-industrial” society, and it shows
how historical methods can be used to test economic theory, and how useful quantitative methods are

in historical research.

THE ENVIRONMENTAL CONSEQUENCES
OF FINLAND'S ECONOMIC GROWTH

In this article, I will present the main find-
ings of my Doctoral thesis, where I exam-
ined the environmental consequences of
Finland’s economic growth. The focus was
on the transition from a wood based energy
system to a fossil fuel based one, and the
environmental consequences of this tran-
sition. Instead of the monograph format
commonly used in historical sciences, my
thesis consisted of an introductory review
part, followed by five original research pub-
lications (The publications are referred to in
the text by their roman numerals):

I) Jan Kunnas, “A Dense and Sickly Mist
from Thousands of Bog Fires: An Attempt
to Compare the Energy Consumption in
Slash-and-Burn Cultivation and Burning
Cultivation of Peatlands in Finland, 1820-
1920,” Environment and History 11, No. 4,
2005, 431-440.

1I) Jan Kunnas, “Potash, Saltpetre and Tar:
Production, Exports and Use of Wood in

48

Finland in the 19th Century,” Scandinavian
Journal of History 32, No. 3, 2007, 281-311.
III) Jan Kunnas and Timo Myllyntaus, “The
Environmental Kuznets Curve Hypothesis
and Air Pollution in Finland,” Scandinavian
Economic History Review 55, No. 2, 2007,
101-127.

IV) Jan Kunnas and Timo Miyllyntaus,
“Anxiety and Technological Change — Ex-
plaining the Decline of Sulphur Dioxide
Emissions in Finland since 1950, Sustain-
able Growth and Resonrce Productivity — Eco-
nomic and Global Policy Issues. R. Bleischwitz,
P. Welfens & Z. Zhang (eds.). Greenleaf
Publisher, Sheffield 2009.

V) Jan Kunnas and Timo Myllyntaus, “Post-
poned Leap in Carbon Dioxide Emissions:
Impacts of Energy Efficiency, Fuel Choic-
es and Industrial Structure on the Finn-
ish Energy Economy, 1800 — 2005,” Global
Environment, No. 3, 2009, pp. 154—189.

My theoretical starting point was the en-
vironmental Kuznets curve (EKC) hypoth-
esis, which proposes that some pollution
or measures of environmental degradation
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Environmetal degradation

Figure 1.
The environmental Kuznets
curve with a policy tunnel.

Safe limit

high per capita income with
low levels of envitonmental
degradation, without passing
through point B associated
with a high peak in environ-
mental degradation. This

would follow an inverted U-curve related
to incomes, increasing at low income levels
and decreasing at high income levels.!

Figure 1 illustrates the assumed rela-
tionship between gross domestic product
[per capita] and environmental degrada-
tion, pollution or resource depletion. Point
A illustrates a pre-industrial economy with
a low level of per capita income, where
one might expect rather pristine environ-
mental conditions relatively unaffected by
economic activities. Along with industri-
alization and economic growth, increasing
use of natural resources and emission of
pollutants causes escalating environmental
degradation. After a peak in environmental
degradation (B), the declining part of the
curve is finally reached. In the final stage
complementary reasons, like growing abil-
ity and willingness to pay for a better envi-
ronment, cleaner technologies and a shift to
information and service-based activities are
expected to result in reduced environmen-
tal degradation.

Mohan Munasinghe argues that devel-
oping countries could learn from past expe-
riences of the industrialized world by adopt-
ing measures, which would permit them to
“tunnel® through the EKC.? In Figure 1
above it means that developing countries
could go through a policy tunnel from point
C straight to point D, a society combining

G
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new point should preferably
be under some safe limit be-
yond which environmental damage could
become irreversible.? Otherwise no amount
of income growth will restore those losses.*

Using the EKC hypothesis this study
has been divided into three major parts, as
illustrated in Figure 2 below:

1) In order to get an insight to the start-
ing phase of economic growth when envi-
ronmental pressure is supposed to grow, 1
have investigated the fate of peasant liveli-
hoods at the turn of industrialization.

2) The calculations done in the first
part are then used in the construction of
long time series for several measures of en-
vironmental pressures in order to examine
the overall development from the begin-
ning of industrialization to the present.

3) In cases where a development path
according to the Environmental Kuznets
curve hypothesis is found, a closer look at
the actual turning point is taken in order
to track what lies behind the turn. Corre-
spondingly, if no turning point is found,
this will also be explained.

DP per capita

STARTING PHASE OF ECONOMIC
GROWTH

The first study compares the biomass con-
sumption of slash-and-burn cultivation to
that of burning cultivation of peatlands.
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PART II: 19th century to the present

~

PART L starting phase
of ecanomic growth I

PART III: turning points
. h

Resource degradation or pollution

Figure 2.
The structure of the
™ study
nineteenth  century. A
comparison with other
sources of carbon diox-
~— ide (Figure 3) also shows
that burning cultivation of
GDP percapita | peatlands was by far the

Finland has been chosen as a case study
because it is one of the Western countries
where the use of fire in agriculture lasted
longest. In historical research about fire-
clearance husbandry the focus has been on
burning of forests, while swamps and other
peatlands have been neglected.5 I claim that
this neglect is not acceptable, as accord-
ing to my calculations, the amount of bio-
mass measured by energy value burned on
peatlands surpassed the amount burned in
slash-and-burn cultivation after the mid-

greatest source of carbon

dioxide in Finland during

the entire nineteenth cen-
tury and at the beginning of the twentieth
century (I).

The remaining question is: To what de-
gree can the results from Finland be gener-
alized to other peat-rich countries? Burning
cultivation of peatlands has been practiced
all over Burope and North America, and
was by no means a Finnish curiosity. In
these and other peat-rich countries, the in-
clusion of the emissions from burning cul-
tivation could substantially alter historical
carbon dioxide emission estimates.

Figure 3.

Carbon dioxide emis-
sions from burning
cultivation of peatlands
vs. emissions from
energy peat and fossil
fuels 1820 - 1920.
Source: Kunnas, J., “A
Dense and Sickly Mist
from Thousands of Bog
Fires.” Environment and
History, Vol. 1 No. 4,
2005, pp. 431-46.
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The second study compares the wood
consumption in the production of potash,
saltpetre and pine wood tar in 19th century
Finland. This study also provides surprising
results, as my calculations indicate that un-
der its high period the production of pot-
ash might have consumed more wood than
tar burning (Figure 4). Despite its short glo-
ry, it can thus not be neglected if we want
to achieve a comprehensive picture of pro-
toindustrial forest utilization. In the 19th
century the cumulative wood consumption
in the production of potash might have
been higher or at least on the same level as
in the production of tar. In the 1830s the
combined wood consumption in the pro-
duction of tar, potash and saltpetre reached
the level of slash-and-burn cultivation (II).

FROM THE 19TH CENTURY TO
THE PRESENT

The second part of the study examines the
overall development of major air pollut-
ants from industrialization to the present.
The calculations done in the first part of
the study are here used in the construction
of long time series for several measures of
environmental pressure in order to examine
the overall development from industrializa-
tion to the present. Most notably, we have a
200-year long time series of carbon dioxide
and sulphur dioxide emissions stretching
from 1800 to the present.

I test whether the major energy related
air pollution emissions follow an inverted U-
curve related to income, as predicted by the

Figure 4. Energy consumption in the production of tar, potash and saltpetre compared to that in
slash-and-burn cultivation and burning cultivation of peatlands 1800-1940 (ktoe is an amount of

energy equivalent to 1000 tons of crude oil).

Source: Kunnas, J., "Potash, Saltpetre and Tar,” Scandinavian Journal of History, Vol. 32, No. 3, 2007,
pp. 281-311. & “A Dense and Sickly Mist from Thousands of Bog Fires.” Environment and History, Vol.

11 No. 4, 2005, pp. 431-46.
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Figure 5. Relation between sulphur dioxide emissions and GDP in Finland, 1860-2003.
Sources: see Kunnas J. & Myllyntaus, T., “The Environmental Kuznets Curve Hypothesis and Air Pol-
lution in Finland.” Scandinavian Economic History Review, Vol. 55 No. 2, 2007, pp. 101-127.

‘environmental Kuznets curve’ hypothesis. In the first study in this part the link-
The carbon dioxide emissions from Finnish age between per capita GDP and sulphur
energy production increased at the begin- dioxide emissions for one single country; in
ning of the period under study according to this case Finland is examined. The narrow
the EKC hypothesis, but a steady decline of approach together with a combination of a
these emissions at high income levels could historical and economic approach enables
not be found — only stagnation. Genuine to cut deeper into the controversial envi-
support for the EKC hypothesis was only ronmental Kuznets curve hypothesis. The
found for sulphur dioxide emissions and, main reasons for a downturn in sulphur
with some reservations, for nitrogen oxides emissions were found to be: technologi-
as well. A limitation of the reduced-form cal development and anxiety about possi-
approach used is that it is unclear why the ble environmental damage and economic
estimated relationship between pollution and costs related to that. The role of economic
income exists, a question that was studied in growth creating a downturn was noticed
detail in the next part of the study (I1I). being small or nonexistent (IV).

The decline of emissions in the 1970s

was mainly a side-effect of changes in in-

TURNING POINTS? dustrial processes rather than an outcome
of a deliberate policy. Furthermore, anxi-

The goal of part three of the study is to ety about large and widespread damage to

take a closer look at the reason between the the forests was a major reason for active
divergent paths of carbon dioxide and sul- measures to decrease sulphur dioxide emis-
phur dioxide emissions. Why did the emis- sions since the mid-1980s. Thus the emis-
sions of sulphur dioxide start to decline in sions themselves provoked their downturn.
Finland and other industrialized countries Although the risks facing Finnish forests
in the 1970s, but emissions of carbon di- might have been overestimated, without
oxide did not? active measures the emissions would have
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eventually reached a level in which the for-
ests would have been seriously damaged.
This again would have caused serious losses
to the Finnish economy.

From an environmental point of view
it does not matter whether the emission
decline is a result of environmental consid-
erations or a by-product of economically
dictated technological change, or whether
the engine of change is increased wealth
or public reactions against emissions them-
selves. However, there is a big difference in
the policy implications, for example, regard-
ing carbon dioxide emissions. For future
development of carbon dioxide emissions,
the story of declining sulphur dioxide emis-
sions in the 1970s inspires hope that reduc-
tion of emissions could be part of normal
technological development. If again the en-
vironmental damage has to become severe
enough to create pressure to reduce the
emissions, then in the case of carbon diox-
ide the prospects are grim indeed. Another
option is that, as in the case of sulphur di-
oxide, the anxiety about possible serious

damage in the future can be enough to cre-
ate the downturn in emissions.

The second study in this part exam-
ines the growth and composition of energy
consumption in Finland in the 19th and
20th centuries, focusing on energy-related
carbon dioxide emissions. This study argues
that among European countries, Finland
was an ‘odd-man out’ because it industrial-
ized by means of renewable, indigenous en-
ergy sources. Only in the 1960s in the ma-
ture phase of industrialization, the country
switched from indigenous energy sources,
fuel wood, wood refuse and hydropower, to
imported fossil fuels. The reasons for this
late transition from an energy system based
on indigenous energy sources to one largely
depending on fossil fuels are Finland’s large
wood resources and reasonable hydropow-
er potential, which made it possible to post-
pone the transition (V).

The switch to fossil fuels led to excep-
tionally fast growth of carbon dioxide emis-
sions in the 1960s, as we can see from Figure
6. The growth of carbon dioxide emissions

Figure 6. Carbon dioxide emissions from the use of fossil fuels in Finland, 1860-2005. Source:
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slowed down, however, in the 1970s. The
major reasons for this are a change in the
industrial structure, an increased share of
electricity import and nuclear power. En-
vironmental considerations probably did
not have any kind of role before the 1990s,
although Gilbert Plass raised his concerns
about the negative consequences of carbon
dioxide emissions already in 1956. Despite
this slowdown, Finland’s carbon dioxide
emissions have been almost seven-fold
since Plass expressed his concerns.® Fin-
land’s present-day development concerning
carbon dioxide emissions cannot thus act as
an example for latecomers to follow.

CONCLUSIONS

Some proponents of economic growth go
as far as claiming that economic growth is
a necessary condition for proper protection
of the environment and in the long run it is
also probably a sufficient condition.” This
thesis turns the argument around. I claim
that the causal connection goes in an oppo-
site direction: proper environmental stand-
ards and conservation comptrise a necessary
condition for economic growth in the long
run (III, IV).

From a policy perspective Finland’s
industrialization in the 19th century with-
out increasing its total use of energy and
related carbon dioxide emissions is of par-
ticular interest (III, V). If the present-day
developing countries could repeat Finland’s
“energy-less” growth which continued until
the First World War, this could buy valuable
time in the battle against climate change. If
the developed countries would again use
this time to lower their energy consumption
and develop as environmentally friendly
means as possible to provide the remaining
needs for energy, there would be hopes to
win this gigantic battle for the future of hu-
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mankind. The accomplishment of this goal
requires technology transfer to developing
countries. This should, however, not focus
on high-tech only; it should be remembered
that Finland’s initial energy-less growth was
achieved by a technology which can be con-
sidered quite primitive from the present-
day perspective, although it was revolution-
ary indeed at the time.®

I argue that quantitative calculations on
the use of natural resources provide valu-
able tools, which can give new insights to
old questions and raise new questions. The
first two studies put forth the methodo-
logical question whether it is more mislead-
ing to leave matters uncalculated because
of scarce sources to rely on or calculating
despite this, suggesting that it can be the
first one. Burning cultivation of peatlands,
which has been neglected in historical re-
search, was by far the greatest source of
carbon dioxide in Finland during the whole
of the nineteenth century and at the be-
ginning of the twentieth century (I). An-
other neglected occupation, the production
of potash might have consumed as much
wood during the 19th century as the pro-
duction of tar (II).

I also show how methods of historical
research can be used to test economic the-
ory (III, IV, V). So far, in my understand-
ing, it has been mostly the other way round;
economic tools have been used to provide
answers to historical questions. Based on
the historical approach used in this thesis, I
add two new explanations for the existence
of an Environmental Kuznets curve:

1) The severity of environmental deg-
radation might itself create a turning point
for the emissions, or in some cases fear of
severe effects (11, IV).

2) What at a first glance seems to be
an environmental improvement might just
be a transformation of one environmental
problem into another. What in an ahistori-
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cal perspective seems to be one single envi-
ronmental Kuznets curve are in fact several
sequential curves (IV).

Jan Kunnas defended his doctoral thesis in His-
tory: “Fire and Fuels: CO2 and SO2 Emissions in
the Finnish Economy, 1800-2005" [http://hdl.han-
dle.net/1814/11753] 15th June 2009 at the European
University Institute in Florence, Italy. Currently he
is writing a book on the environmental history of
Finland.

jan.kunnaseeui.eu

! Grossman &Krueger 1991; Shafik & Bandyopadhyay
1992. Selden & Song 1994; World development report
1992; Panayotou 1993.

2 This argument resembles Alexander Gerschenk-
ron’s argument that backward countries could skip
several (rostowian) stages of economic growth
which advanced countries have gone through by
adopting their advanced technology.

3 Munasinghe 1999.

4 Pearce 200s.

5Pyne, S. J.1997; Suomen maatalouden historia I-Ill
2003-2004.

®Plass 1956.
7 Beckerman 1995.

8 This idea is developed further in Kunnas & Myl-
lyntaus 2008.
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