
Novel services to support growth of bioeconomy and management of risks to  
forestry are crucially needed. Within the Copernicus Climate Change Service (C3S) 
project Clim4Energy, a proof of concept for a soil bearing indicator was developed 
and demonstrated. This indicator aimed to support the planning in timing winter  
harvesting operations for current machinery.
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In Finland, Bioeconomy is a vital element 
of societal welfare. For instance, pulp 
factories have grown to produce also 
energy, renewable fuel and other chemi-
cals. Pulpwood is a major resource to be 
secured sustainably, but also econom-
ically. In 2014, the Finnish Government 
set an aim for the Bioeconomy sector to 
create 100 000 new jobs by 2025. 

Mitigation goals and climate change 
impacts on the forestry sector are diffi-
cult to combine economically. Finland’s 
forests have been growing fast dur-
ing recent decades due to increasing 
warming. At the same time the winter 
ground bearing has weakened and har-
vesting conditions have become worse 
(Gregow et al., 2011 and Siren M., 2000). 

Within the project Clim4Energy, the 
Finnish Meteorological Institute and 
Metsäteho Oy co-developed an indi-
cator, which is simple to use to assess 
winter conditions for harvesting oper-
ations. Soil bearing in boreal zone is 
known to be excellent with soil freezing 
to 20 cm depth or snow cover being 
40 cm thick (Eeronheimo 1991). If one 
of the two is met, it awards good con-
ditions. Poor conditions were estimat-

ed for less than 5 cm of frozen soil and 
less than 10 cm snow depth. Frozen soil 
depth input is not directly available in 
reanalysis (Dee et al., 2011) or numer-
ical forecast data. Based on our eval-
uation, using model soil temperature 
at available depth layers (0–7 cm, 7–28 
cm, 28–100 cm, 100–289 cm) is not re-
alistic either – soil freezes too deep and 
too fast compared to observed freez-
ing. An empirical equation for frozen 
soil depth (fsdt = prev + 0.0591 - (t2m 
- 273.15) * 0.079 - sd 0.0161 (Gregow 
et al., 2011)) based on relations from 
soil freezing observations to daily 2m 
air temperature (t2m in K) and snow 
depth (sd in m) is applicable and was 
used in our proof of concept.

The bioenergy production condi-
tion indicator shows the areas and 
timing of good conditions (value=2) 
both in time and space (Fig. 1). It 
also indicates when the conditions 
are poor (value=0) or uncertain (1). 
The indicator was used when piloting 
seasonal forecasts of the bioenergy 
production conditions during winter 
2016–2017. The demonstrations are 
available at http://c4e.fmi.fi/. 
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FIG 1: Pilot service at http://c4e.fmi.fi/  
Map shows frozen soil depth on 24.12.2016 
and graphs depicting mean and ensemble 
quantiles 20 and 80 for the indicators fro-
zen soil depth and snow depth.
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