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LAND USE IN RELATION TO CLIMATE AND 
HYDROLOGY IN FINLAND 

R. SOLANTIE 

ABSTRACT. - Land Use In Relation To Climate And Hydrology In Finland. 
Finland is a part of the circumpolar boreal zone. In Europe, the conditions for the 
humanity in this zone are more advantageous than in Siberia or Canada. So, in the 
northern Europe the impact of man on nature has been and still at present is more 
powerful than in the other parts of the zone - and in Finland more powerful than in 
northern Russia or Scandinavia because Finland has not any regions with a better 
climate to exploit like its neighbours. Two huge pure national measures done by 
Finns can be recognised. The ancient burn-beating culture means that rye was 
grown in ash on small plots in forests, being in advance logged and burnt; because 
only one or two yields were taken at a time so that the cultivated plots 
continuously rotated in the forests, the method required huge areas so that people 
could be nourished, without any permanently cultivated fields, only if the 
population density was less than 3 inh. per sq. km. Circa 150 to 200 years ago this 
limitation was neglected by people in the south-eastern Finland so that forests 
were replaced by bushland, which resulted in a crisis of the society and huge 
floods. Since 1950 till 1990’s, huge mire areas were drained in order to make them 
to produce timber, and lately, to dig peat. This national project has various effects 
on climate and waters, part of them being temporary, part permanent. 

1. Introduction 

The boreal natural zone in Northern Europe is a particular region, not only 
in Europe but also in the world. Man’s living mainly on agriculture is possible, but 
only with many restrictions and through a particular adaptation to harsh boundary 
belt conditions of world’s crops cultivation. On the other hand, the challenges of 
natural conditions for agriculture are not insuperable and hostile like in extensive 
boreal regions in Siberia and Northern America. Consequently, in the boreal areas 
in Northern Europe, not only the settlement history, but also the history of land use 
and its interaction with the energy and water balance of the ground surface, has 
particular features. This Nordic region is rather uniform from Eastern Norway to 
Russian Carelia, not only in respect of soils, vegetation and climate but also in 
respect of the interaction between man and nature, albeit certain significant 
national special features exist. The conditions for agriculture and forestry decrease 
stepwise by subzones, from the southern boreal through the middle boreal to the 



RI
SC
UR
I
I C
AT
AS
TR
OF
E

II /
20
03

Riscuri i catastrofe Victor Sorocovschi 

152

northern boreal (Fig. 1). In this report, the tripartite interdependence between man, 
land use, and climate (incl. hydrology) was studied from Middle Ages to the 
present.

Fig. 1. Climatic zones in Finland, and climatic segments of agriculture. S, M, and N denote 
the southern, middle, and northern boreal (sub)zones of the (main) boreal zone. A denotes 

regions of ordinary rye, grown in fields (west of the broken line), C regions of root rye 
(surrounded by thin solid line), grown in burn-beating plots in forests, and B regions of 

combined cultivation. 

2. Traditional Finnish land use – agriculture at the edge of 
world’s crops cultivation 

In Finland, crops cultivation has begun some thousands of years ago. Little 
by little, cultivation developed from scattered experiments to usage of cultivars and 
methods which were suitable to these boundary conditions of world’s agriculture. 
There were several crucial climatic risks to overcome. 

Risk of too short and cool growing season. In the southern boreal zone, 
this risk is small but possible. In the middle boreal zone it is higher, and in the 
northern boreal zone this risk prevents the living mainly on crops cultivation. 

Risk of summer frosts. In the southern boreal zone, this harm is rare but 
severe when occurs. In the middle boreal zone, this factor in most places prevents 
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living mainly on crops cultivation. Only hillsides, locating above the lowest cold 
air layer, and the vicinity of lakes and the Sea, form small niches for crops 
cultivation.

Risk of a too wet harvest weather. This risk is moderate all over the boreal 
Fennoscandia because August is the month of the highest precipitation. 

Risk of failed wintering of rye sprouts under a thick snow. In 
Fennoscandian climate, with abundant snow falls, mild winter, and snow cover 
staying for several months, the occurrence and depth of soil frost vary a lot in time 
and space. On an unfrozen ground under thick snow, sprouts of rye may be 
destroyed by snow mould fungi. This harm effectively hindered agricultural 
settlement from spreading into certain regional patterns of high orographical 
precipitation. 

During the Iron age, the food economy was self-sufficient. The agricultural 
settlement was mainly situated in those parts of the southern boreal zone, where 
also wintering risks for rye were small, until during the 12th or 13rd century a new 
cultivar of rye appeared in Finland. This cultivar, “root rye” (Heinricius 1766, (a 
genuine article with data of livelihoods and land use in Finnish countryside), 
Soininen 1974), had a special advantage, ability to resist snow mould fungi. By 
means of root rye, settlement spread into all southern boreal regions where this risk 
was significant (Fig. 1). Mean yield in these hard conditions was low, 1.0 tons per 
a hectare (Soininen, 1974). Nevertheless, till the mid of the 18th century, even in 
the southern boreal zone population was so sparse, that the effect of land use on 
hydrology was significant only in the region of pure field cultivation (region A, 
Fig.1). The population density in region A in 1750 was about 8 inh./sq.km 
(Ahvenainen & all., 1983). Nourishing of people demanded a relative field area of 
5%, while feeding of cattle over winter demanded a relative meadow area of 10 to 
15% (Soininen 1974, Solantie 1997). Thus, 1/6 of land area was reclaimed, which 
means that annual evapotranspiration was 15 mm lower and annual run-off 15 mm 
higher than in virgin conditions. In the regions of root rye, B and C, cultivated 
plots, burnt in advance, rotated in the forests. In those regions of the southern 
boreal zone where rye root was exclusively grown, C, population density in 1750 
was about 3 inh./sq. km. Assuming a sustainable rotation with a returning period of 
60 years, cultivated plots covered only 1 to 2% of the area. In the southern regions 
of combined cultivation (B), the population density in 1750 was about 5 
inh./sq.km. Forest were utilized sustainably which means that half of crops yield 
could be taken in forests, while another half was taken in fields. The relative area 
needed was for fields only 1.4% and for meadows 4%, respectively (Solantie, 
1997). This combined method had many advantages. First of all, risks of miss yield 
for various cultivars were different so that risk of low total yield and famine could 
be reduced. Because the relative field area needed was smaller than in the regions 
of pure field cultivation, the need of manure for fields, the need for cattle to 
produce manure, and the need of meadows to produce winter hay for cattle, were 
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smaller, as well. Forests could be utilized sustainably despite of growing 
population, by reclaiming new fields. On the other hand, in the areas of pure root 
rye cultivation, people could be nourished exclusively by yields taken sustainably 
in forests only if population density was 3 inh./sq. km or less (Solantie, 1997). 

3. Period of advantageous climate, expanding land use and 
increasing population 

Hard war times in Finland ended in 1720, and 40 years after that 
population reached the level of 1540 (Ahvenainen & al., 1993). During the period 
1751 - 1805 growing seasons in the southern boreal zone were warmer than ever 
during the period 1721 – 2000 (Moberg & Bergström, 1996). Yields were high 
(Ylikangas & Siiriäinen, 1973), and so was the growth of population (Koskinen & 
al., 1994). Fields and meadows were reclaimed with full effort. In the southern and 
western Finland, where population density was 6 to 8 inh./sq.km, 0.05% of land 
area was annually reclaimed to fields and 0.12% to meadows. Hectare yields, 
having been about 10% higher than average, allowed population to grow by 1.3 to 
1.4% per year in the regions of field cultivation (A, Fig. 1) and 1.2% per year in the 
regions of combined cultivation (B). Such increases were actually obtained. In the 
burn-beating region C the sustainable utilization of forests has been exceeded since 
1750, causing difficulties in the long term but not yet before the turn of the century. 
During this period of a luxurious climate, agricultural settlement in the middle 
boreal zone spread from the scattered advantageous niches to regions where living 
on self-sufficient agriculture usually is impossible. 

4. Maturation of the old land use and traditional agriculture 

After the war 1808/1809, a long period of peace began. Nevertheless, 
serious difficulties appeared in the Finnish self-sufficient and traditional food 
economy. In the regions of combined cultivation, the rate at which new crop fields 
and meadows were reclaimed for to ensure nourishment for increasing population, 
was about 12% higher than the area needed to nourish the additional people. The 
reason is that the forest resources, available for crops cultivation, decreased, and 
even more per capita, and so did the yields in the forests as well. This loss must be 
replaced by an equal addition in field yields. In fact, the demand of new fields and 
meadows was even greater because the excellent climatic period was over, and 
yields per hectare decreased. Thus, the reclaimed area in the South-Finnish regions 
of combined cultivation caught up with that in the regions of field cultivation. In 
1850 the reclaimed area there comprised 1/6 of the land area versus 1/20 in 1750 
(Soininen, 1974, Solantie, 1997). The corresponding decrease in annual 
evapotranspiration/increase in run-off was 10 mm (Solantie, 1996). 
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The risk of miss yields increased due to the turn of climate, but even more 
due to the behaviour of the system of combined cultivation itself as function of 
population density. In 1850, the population density in the southern areas of 
combined cultivation was 11 inh./sq.km. Only 25% of land area could be used for 
burn-beating rotation. This area was exploited sustainably, (which can also be seen 
in the first map of the stage of Finnish forests by Gyldén (1850)), and gave 10% of 
the total yield. So, in the cases of winter damage of ordinary rye, the security in 
root rye was insignificant, which increased much the risk of famine. 

In the regions of pure burn-beating cultivation, the continuously shortening 
rotation periods, i.e. unsustainable utilization of forests, caused yields per hectare 
to decline and led the agricultural system to a crisis. This crisis compelled people 
to change to a combined cultivation, which was difficult in these stony regions. 
The healing of the system was slow because the over-exploitation of forests could 
not be ceased before all reclaiming debt was paid. Because of this prolonged over-
exploitation of the forests in the south-eastern Finland, they were worst as late as 
1820-1850, consisting mostly of bushes (Gyldén, 1850); vegetation and fauna 
impoverished seriously and lastingly. Pure climatic conditions for 
evapotranspiration were about normal; nevertheless, in regions of 40 000 sq. km, 
annual evapotranspiration was reduced by 30 – 40 mm due to devastation of the 
forests (Hyvärinen & al., 1995). For this reason, serious floods occurred, and the 
River Vuoksi (basin area 69200 sq.km) broke through a new channel. The floods 
were ceased with the beginning of the period of very dry summers in 1850’s. In the 
middle boreal zone, new settlements, established during the advantageous period, 
lost their self-sufficient ability after climate returned to the average stage. People 
was used to buy the crops deficit from the south with money they earned by selling 
tar; the huge increase of population there had raised the ratio of the number of the 
crops buyers to that of the sellers; in coastal regions, tar forests became even 
overexploited (Gyldén, 1850). This reduced the self-sufficient ability of the nation 
as a whole. The nourishing economy in Finland had become highly sensitive to 
climatic variations. 

5. Old land use and traditional agriculture - leading to a national 
catastrophe

Anticipating the mid of the 19th century, local cases of serious lack of food 
began to flame out with an increasing frequency. In the 1850’s, a period of 
successive summer droughts occurred in southern Finland. Crop fields were 
reclaimed on dry places to avoid excess wetness, a usual harm. Of the 12 driest 
summers in Helsinki during the period 1845 – 1999, three occurred in 1853, 1854, 
and 1855 (Drebs & Solantie, 2000), which, together with the import blockade by 
British navy, led to a famine. In 1860’s, thick snow frequently covered ground 
rather early, preventing formation of soil frost and destroying the sprouts of 
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ordinary rye. Unfortunately, at the same time, potato rot first time badly stroke into 
South-Finnish fields; such winter conditions, as well, may have preserved plenty 
pollen of potato rot in the ground over winter. In 1868, after a bad winter and a 
cold spring, famine swelled to a national catastrophe during which 10% of Finnish 
people died of hunger and diseases. In the light of this study, such a catastrophe 
was expected, mainly because the population density was too great for the old 
agricultural system to manage climatic risks and sustainable utilization of forests. 
So, the reason for the serious climatic problems of agriculture in 1850’s and 1860’s 
was basically the advantageous climate during the latter half of the 18th century. 
We may also conclude that such climatic events as 1867 - 1868 would have had far 
less serious consequences if occurred 100 years earlier or 10 years later. 

6. From tripartite to bilateral interdependence. The release of 
population from the dependence on climate 

Just after this bad time, and taken lesson from it, the old self-sufficient 
economy was changed to a new one, involving production and export of products 
of dairy and saw mill industry, and import of crops. Only twice in war time, 1918 
and 1942, lack of self-sufficient food economy led to a restricted famine. 
Considering climate, developing economy based on animal husbandry and grass 
growing at the expense of crops cultivation, was a right solution, because the 
period 1870 – 1930 was wet and cool. For pure climatic reasons, run-off was about 
40 mm higher than average. Additionally, fields and meadows covered now a 
quarter of land area, which added annual run-off by 20 mm compared to the land 
use 200 years earlier. Consequently, the average annual total excess of run-off 
during this 60 years period amounted to 60 mm (Solantie, 1996). Heavy logging in 
the vicinity of big forest industries, founded during this period, also aggravated 
floods. In 1900, annual values of runoff were greatest and water tables in lakes 
highest ever observed in the southern and middle Finland. On the other hand, there 
were some drier subperiods 1885 – 1896 and 1908 – 1918 (Hyvärinen & al., 1995). 

7. Main effects of land-use on climate during the 20th century 

One big measure, having a great influence on climate, was started in the 
1950’s, managed and partly financed by Finnish state. Mires, covering over 40% of 
the middle boreal area, had been practically virgin till 1955, but since that 70% of 
them were drained for growing forest. In summer, the upward flux of heat in peat, 
dried by drainage, was insignificant, which added night frosts. This effect 
decreased the duration of the frostless period of summer in the middle boreal zone 
during the period 1967-1986 by 12 days, in main watershed regions even by 25 
days (fig.2) (Solantie, 1999). Severe frost damage, and reduced production of 
biomass resulted. The increased shelter of trees on mires during the 90’s has 
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eliminated the previous increase of frosts, and also significantly raised minimum 
temperatures during cold periods in winter (fig.3). About 70% of the drained mires 
in this zone were initially sparsely treed or even treeless, and thus practically 
unsheltered. Considering that 90% of drainings were successful, 65% of the 
drained mire area, i.e. 18% of total land area of the middle boreal zone, got a good 
shelter of growing forest stands as a result of the drainage. The increased shelter of 
trees on mires during the 90’s has eliminated the previous increase of frosts and 
also significantly raised minima during cold periods in winter; the mean increase of 

Fig. 2. The effect over the total area (incl. 
inland water areas) of the drainage of mires 
without canopy closure on the length of the 
period without temperatures below 0 oC at 

the 2 m level during the ten years of 
maximal influence (1973 - 82, days).

Fig. 3. The permanent effect over the 
total area (incl. inland water areas) of 
the afforestation of drained mires on 
the annual minimum temperatures at 

the 2 m level from about the year 2005 
onwards (oC).
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the annual minimum temperature and monthly minimum temperatures in winter 
months in the middle boreal zone for this reason is 2 oC (Solantie, 1999). With 
increasing canopy coverage and growth of forest stands, albedo decreases and 
evapotranspiration increases. Considering that the fastest increase of 
evapotranspiration occurs later than the fastest decrease of albedo, daily maximum 
temperatures in summer first increase, but about 40 years after the drainage, turn to 
fall. The net warming effect at its highest, compared to the level before drainage, 
given for the total land area on the average in the middle boreal zone, is only 0.20C.
The corresponding descent, starting now, is expected to be 0.2 0C per ten years, and 
to continue over 30 next years, 0.6 oC in all. As result due to these effects, daily 
maxima should lie at a 0.4 oC lower level than before the drainage. These estimates 
base on 1) energy balance calculations, 2) observing the temporal variation of air 
temperature in a site surrounded by peatlands drained earlier than usual, and 
comparing to values from neighbouring stations and field measurements in the 
surroundings, and 3) comparing the temporal variations of the considered 
temperature variables in the middle boreal zone to those in the northern and 
southern boreal zones.In the southern boreal zone, the main method exploiting 
forests changed from the burn-beating culture to the logging for industries in 
1870’s. The logging and reclaiming of fields, which continued till 1960, kept the 
amount of the forest growing stands low, and heavy floods occurred during the 
rainy and cool years in the beginning of the century. From 1930 on forests have 
grown faster than were logged, increasingly with time; consequently, evapotranspi-
ration increased, as well. Today, the volume of forest growing stands in the 
southern boreal zone is greater than ever after the 15th century so that the 
evaporatranspiration has again turned to decrease since 1980. Especially high run-
off values have been obtained since 1980. One reason is that summers since 1961 
have been slightly cooler than 1931 - 1960, especially due to lower daytime 
temperatures. A more effective obvious reason is, however, the change in the 
forestry and structure of forests. The amount of old and less vital stands with 
reduced evapotranspiration has grown fast. Before the 1960’s, forests aged 20 to 40 
years, i.e. being at their best growth, were most common, while later on, both 
mature and very young forests, evaporating less than forests at the best growth, 
dominated. 

This reason accounts for 20 mm of the increase of the annual run-off. On 
cultivated areas, the proportion of erosive land, laying without vegetation over 
winter, has increased. In typical south-Finnish drainage basins, such land covered 
in 1750 12%, in 1862 16% and in 1975 75% of the cultivated area, incl. meadows; 
the corresponding proportion of total land area was 1750 1%, 1862 3%, and since 
1975 19 about 19% (National Board of Agriculture 1992, Solantie 1996). 
Considering further the huge increase of the input of fertilizers per hectare, water 
quality has deteriorated, particularly in regions having clayey soils. 
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