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2.3% Energy efficiency

Energy conversion

100%

Annual actual efficiency
0.5 % temperate 
2.3 % year-round (tropical)

+ + +



C balance Netherlands forests

Average growth rate:  1.9 t C ha–1 y–1 Harvest ±50% ➔

0.9 t C ha–1 y–1 net growth

330 kha forest in 1991

310/326 kha forest in 2013

110 Deciduous Trees

90   Conifers

120 Mixed

Living mass 57 t ha–1

Litter 25 t ha–1

Stable OM 110 t ha–1

Per Hectare

Living mass 18.7 Mt

(65% in trunk)

Litter 8.2 Mt

Stable OM 36.8 Mt

Total

Nabuurs & Mohren, 1994. Koolstofvoorraden en -vastlegging in het Nederlandse bos. Nederlands Bosbouw Tijdschrift 1994, 144-157.

Marjolein Lof, M., Schenau, S., de Jong, R., Remme, R., Graveland, C., Hein, L., 2017. The SEEA EEA carbon account for the Netherlands. Report by Statistics Netherlands and Wageningen Univ. The Hague.



Forest clearing

• Removal of living biomass
• Trunks for wood

• Chips for fuel

Zingore et al., 2005. Europ. J. Soil Sci. 56, 727–736
Year

• Litter
• Exposed and degrades

• Soil Organic Matter
• More than 50% loss of Carbon

• More than 40% loss Nitrogen



Total Carbon loss

Living mass 57 t/ha

Litter 25 t/ha

Stable OM 110 t/ha

Per Hectare

Total 192 t ha–1 Total 67 t ha–1125 t ha–1

Living mass 0 t ha–1

Litter 12 t ha–1

Stable OM 55 t ha–1

Per Hectare



Carbon sequestration

Average growth rate:

1.9 t C ha–1 y–1

J.P.M. Dijkstra, G.J. Reinds, H.K., B. Berg, W. de Vries, 2009. Modelling soil carbon sequestration of intensively monitored forest plots in Europe by three different approaches. Forest Ecology and Management 258 (8): 1780-1793

Rebuilding  125 t C ha–1:

30 years – above ground

100-500 years – Soil C

Potential Soil Organic Carbon sequestration forest land (Europe):

0.1 – 0.6 t SOC ha –1 y –1



Actual sequestration

Native temperate broad-leaved forests

Cleared for cultivation in Middle Ages

Replanted with pine plantations (Pinus sylvestris) 

Leuschner, C., Wulf, M., Baeuchler, P., et al. 2013. Soil C and nutrient stores under Scots pine afforestations compared to ancient beech forests in the German Pleistocene: The role 

of tree species and forest history. Forest Ecology and Management 310: 405-415

Limited soil C and 

nutrient storage potential 

of Scots pine plantations 

on sandy soils

25% 

larger 

in 

beech 

forests

Soil C Soil N Ca, K, Mg pools

50% 

larger 

in 

beech 

forests

After more than 100 years of pine forest



Changing climate

• Increasing atmospheric CO2
• Increases growth rate

• Increased temperature
• Increased transpiration

• Dryer summers
• Water stress reduces growth rate

• Resilience
• Soil Organic Matter essential

• Proper soil structure
• Nutrient and water holding capacity
• Soil health

• Limit C and nutrient losses due to harvesting

• Identify more balanced harvesting techniques



Closing remarks

• Forest clearing
• Collapse in Carbon (N, and nutrients)

• Rebuilding in > 50-100/300 years

• C sequestration broad leaf forest > conifers

• Likely more abundant micro-fauna under oak 
than pine

Remy, E., Wuyts, K., Van Nevel, L., De Smedt, P., Boeckx, P., Verheyen, K., 2018. Driving factors behind litter decomposition and nutrient release at temperate forest edges. Ecosystems 21: 755–771.

Andivia, E., Rolo, V., Jonard, M., Formánek, P., Ponette, Q., 2016. Tree species identity mediates mechanisms of top soil carbon sequestration in a Norway spruce and European beech mixed forest. Annals of Forest Science 73 (2): 437–447


