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Carbon Sequestration in terrestrial ecosystems: facts and methods
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Gross Primary Production

Carbon sequestration in forest ecosystems: important definitions Biomass and labile organic matter stocks are changing from zero to their maximum along the lifecycle.

GPP = A -R d Net Primary Production NPP = GPP -R a -VOC Net Ecosystem Exchange NEE = GPP -R a -VOC -R h Net Ecosystem production NEP = GPP -R a -VOC -R h -DOC
• The carbon cycle updated 2007, natural and human-disturbed.

• Its terrestrial component The carbon cost of forest operations :E. The net energy balance of "natural" biodiverse grasslands overtakes the maïze and soybean crops.

  major droughts in mid-latitudes have contributed to the weakening of the growth rate of terrestrial carbon sinks in mid latitude regions. . 2005, PNAS; Buermann et al. 2007, PNAS; Ciais et al. 2005, Science • Large carbon stocks in soil are found in cold and wet climate on acidic soils where microbial activity is constrained by lack of O 2 , N, Heat, liquid water. • These conditions are changing rapidly: soils are getting warmer and drier, and N enriched through acidic deposition Soil have released from 0 to 100-150 gC m -2 .an -1 in UK between 1978 and 2003 Disequilibrium in net atmospheric balance : Change and Forestry Carbon and biomass stocks In world's forests are well documented by FAO and IPCC

  Estimated annual total carbon stocks and flows for three representative forest stands in the tropical, temperate, and boreal regions. Stocks in bold italics are in tons of carbon per hectare (t C ha -1 ). Flows are in t C ha -1 yr -1 . (a) Tropical rain forest near Manaus, Amazonia, Brazil; (b) temperate deciduous oak-hickory forest, near Oak Ridge, Tennessee, USA; and (c) boreal evergreen black spruce forest, near Prince Albert, Saskatchewan, Canada.

  Carbon stock change on site (tC.ha -1 .y -1 ) (Values averaged over 20 years. Arrouays et al. INRA) Time after change (years) -hysteresis: carbon is lost faster than it is gained -slow: steady values take a century to be reached -Reforesting renders many additional services: soil protection, water quality, air quality, local climate Forest management for carbon sequestration Assessment of impacts of forest management on carbon cycle: tentative framework 33 • Time scale: the entire life cycle including harvest • Reference state: definition of a reference state: b.a.u., "nature", state at a reference date (1990 for the Kyoto protocol)… • Assessment of the only relative impact, i.e. stock change • Completeness: Include additional carbon costs of forest operation, seedling, logging, drainage, transportation, transformation, product use and products replaced (concrete, steel, fossil fuel, others…) • Consistent basis for calculation: unit land area (ha), unit production (ton biomass, cubic meter of roundwood,…) Default simplified method: Good Practice Guidance for Land Use and-Use Change and Forestry, IPCC 2003. : soil carbon stock is primarily affected by mechanical disturbances (ploughing). INRA Orléans, (Arrouays et Jolivet) déc-96 juin-97 janv-98 juil-98 févr-99 août-99 mars-00 oct-00 avr-01 carbone organique (g/kg) al. 2007 New Phytol.)

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table A1 .From Carbon cycle in terrestrial ecosystems : fluxes, pools and residence time (years)

 A1 

	Gross Primary Production	Ecosystem Respiration
	(GPP)	(RE)
	BIOMASS (W)	
	(1-200)	
	•foliage	
	•branches	
	•bark	
	•stemwood	
	•coarse roots	
	•fine roots	
	DOC	18
	VOC	

C Litter RE Belowground respiration -1900 300 GPP Vegetation aboveground Respiration grazing 600 600 700 180 Herbivory Respiration +480 GPP

  -DIC

	Carbon cycle: grasssland with grazing.	
		Annual balance of carbon (gC m-2 an-1)
		Pine 27y old		Beech 30y old
		(Bordeaux)			(Sarrebourg)
		GPP	RE	
		590			257
		2140		1245	988	C-CO 2 Flux
					340	685
		Biomass			Biomass
		+ 470			+ 447
					∆ C stocks
	A Rd Ra Rh	Net Assimilation Day mitochondrial leaf respiration Autotrophic Respiration Heterotrophic Respiration ∆ Sol / Humus + 120	VOC DOC DIC	∆ ground Volatile Organic Carbon floor: Dissolved Organic Carbon Dissolved Inorganic Carbon -190

Végétation

Soil ∆ Stock

Energy Balance for two food-based biofuels (current biofuels) grown on fertile soils and for LIHD biofuels from agriculturally degraded soil 61

  

	Sonne 2006, J of Environm. Quality • Life cycle analysis • CO 2 , CH 4 , N 2 O accounted • "Upstream" and on site costs accounted • 408 management alternatives analysed • Douglas fir, Washington and Oregon. • "Downstream" costs not accounted • Units: land are (ha) and wood volume (m3), time frame 50yr, units a CO 2 eq. Age effect on forest carbon balance Data Model Oak Coppice Pine plantation Picea plantation Boreal mixed forest Boreal pine forest Disturbance Forest = C Source Earlier recovery in intensive management alternative 44 Magnani et al., Nature, (2007). C stocks (e.g. temperate coniferous) C stock in situ (tC.ha -1 ) Biomass OPTIONS trees others soil (m 3 .ha -1 .an -1 ) (tC.ha -1 .an -1 ) UM 57.5 7.5 100 6 1.3 M 27.7 5.0 80 12 2.6 FI 14.2 0 40 18 3.9 Mean annual production fossil C substitut ed Faster growth and shorter rotation = smaller carbon stock on site 0 1000 2000 0 200 400 600 F I M UM NPP (gC.m -2 .y -1 ) Age (y) C flux (database from Luyssaert et al. 2007) Fertilised Managed Unmanaged gC.m-2.y-1 Foliage Wood Below ground NPP Management increases the NPP share to the wood C balance over the rotation Production forest Ext. management unmanaged 48 Humus and soil Trees Stock (gC.m -2 -2500 0 2500 0 2 5 5 0 7 5 Time (yrs) Flux (gC.m -2 .y -1 ) '' Humus and soil Trees Stock (gC.m -2 -3000 0 3000 0 2 5 5 0 '' GPP NPP NEE Ra RECO C Flux (gC.m -2 .yr -1 ) C Stock (gC.m -2 ) -shortens life cycle -amplifies NEP and NPP -increase the fraction of harvest biomass (timber) -but depletes carbon stock in soil and biomass Accounting for GHG and energy balance (albedo only !) Change in the global warming index as compared with standard management scenario (M) total C. stock Fossil C. saved Albedo Total 20 y FI 0.24 -0.11 -0.01 +0.12 UM -0.22 0.11 0.01 -0.10 50 y FI 0.24 -0.27 -0.01 -0.04 UM -0.22 0.27 0.01 +0.06 • Importance of the time scale • « ghg » effect > albedo • Production is better in fertile sites • Its terrestrial component -Generic scheme and important definitions -Land use types -Geographical distribution • Managing carbon in "natural" ecosystems -Land use changes -Forest operations -Forest scenario alternatives • Beyond carbon, managing the overall climate impacts -Carbon free greenhouse gases (N 2 O, O 3 ) -Energy Balance: heat flux, evaporation -Global warming potential • Diversity • Conclusion Net Published by AAAS D. Tilman et al., Science 314, 1598 -1600 (2006)

(Data fom Black et al. 2005 & Hyvonen et al., New Phytol. 2007)

Luyssaert et al . Global Change biology, 2007

Published by AAAS

The cost of forest operations (upstream and on site) is 6.0 to 12.5% of the average carbon storage.

Forest management alternatives 

Environmental effects of bioenergy sources

Tilman's study puts forward the hypothesis that, from the atmospheric point of view, low input high diversity alternatives may overcompete monospecific crops wih high input

The question is open and Tilman's work has been discussed.

Using natural ecosystem functions for increasing resource capture (N, light, CO2, water) at the expense of fossil carbon expensive fertilisers and phytocide must be considered.

Diversity may also enhance ecosystem resilience and adaptative capacity, a major issue for forest managers in a rapidly changing world.