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High-resolution projections for soil frost conditions in Finland
with regard to timber harvesting and transport availability

Industrial roundwood removals Background
in Finland by month * Timber has been traditionally harvested in Finland mainly in wintertime.
* This is partly due to historical reasons; in countryside agriculture has been traditionally
E e < practised in summer and forestry in winter.
V - * Nowadays, approximately 60% of logging in Finland is carried out while the soil is frozen,
| although logging in late summer and early autumn has increased during the recent
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decades (Fig. 1).
0 * Bearing capacity of frozen soil enables the use of heavy forest harvesters (Fig. 2).

 Small forest truck roads having light foundations do not bear heavy timber trucks in wet

Fig. 1. Average industrial roundwood removals in Finland by month . -1 -
during the periods 1981-1990, 1991-2000, 2001-2010 and 2011 road sections unless the soil is frozen.

onwards. * Climate or numerical weather prediction models do not capture the freezing of the soil

= correctly. Freezing in the model soil layers is typically too intense (Fig. 3).
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Fig. 3. An example of frozen soil depth on 20 Mar 2006 derived directly from ~ AR
the ERA-Interim soil layer temperatures (top) and calculated with a simple soil | |
frost model by using the ERA-Interim air temperature and snow data (bottom). Pine forest on sandy soll
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 Climate change is expected to have a negative impact on timber 180 180 180
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Materials and methods go 30 30 50
 We used a soil frost model (Rankinen et al., 2004; Jungqvist et al., 2014)
. . P | f r tlana
to calculate soil temperatures at different depths. B e
* The coefficients in the model were optimized for three different soil oSS " "
types: clay/silt, sand and peat. 210 210 210
 The soil frost model was used in-combination with a snow depth model B R 10 0
. e 150 150 150
following largely Vehvildinen (1992). - 120 120 120
 The snow depth model was parameterized for open areas as well as for oy 90 90 90
forests with different density classes corresponding roughly to deciduous °° °° >
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forest/sparse mixed forest, pine forest-and dense spruce forest.
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We estlmated the number of days Wlth_ gOOd bearmg CapaCIty (at least 20 Fig. 4. Average annual number of days with good bearing capacity in three different
cm of soil frost or 40 cm of snow) for different soil and forest class combinations of forest and soil types during 1981-2010 and 2070-2099 under the RCP4.5

CombinatiOHS until the end Of the 21st centu ry with two different Climate and RCP?.S scenarios as indicated by the soﬂfrost rr:od.el and rT.1uIt|-.modeI mean of six
del bl global climate models downscaled onto a 0.1° x 0.2° grid covering Finland.
maodadel ensemboies.

1) Sixglobalclimate model simulations downscaled onto a 0.1°x e forest on peatiand (CORDEX dmz)m_zogg .
0.2 grlle covermg lear.\d by using quantile mapping bias- P SIm o AP ‘g; =S
correction technique (Fig. 4) " | 210 TR ad " A -
2) 11 bias-adjusted (cumulative distribution function method) Ty [ 180 on N | e % | | 180
EURO-CORDEX regional climate model simulations (Fig. 5) o ' o >
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Results and conclusions AR A 0
* The soil frost season is projected to dramatically shorten over most of | * S > *

Finland (Figs 4 and 5).
° Peatlands may have N Southern F|n|and on typ|ca| year IeSS than onhe Fig. 5. As in Fig. 3 but only for pine forests on peatlands and by using data from 11 bias-
. e i adjusted EURO-CORDEX regional climate model simulations.
month of good bearing capacity in the late 21st century (Figs 4 and 5).
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