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European carbon sink uncertainty:
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CarboEurope Objectives:
• To develop methodologies for quantifying the

European and Northern Eurasian carbon 
balance

• To develop a prototype of a consistent
monitoring and verification system which will 
allow the calculation of the carbon balance of 
Europe and Northern Eurasia

• Provide necessary data for implementing the 
Kyoto Protocol of the UN Climate Change 
Convention
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Space and time coverage of existing carbon 
observing networkstime

space
1 ha 1 km2 GlobeContinentsRegional
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Flask
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* uneven geographic coverage** pilot studies only

Forest    *
Inventories
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The CarboEurope Project

• Emphasis on regional and continental scales 

• Consideration of different ecosystem types 
and biomes

• Integration of spatial and temporal scales

• Use of data from complementary methodologies
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Bottom up:
carbon inventories

and models

Top down: 
atmospheric methods

CarboEurope uses a dual constraint approach
for full carbon accounting
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CARBOEUROPE Cluster Organisation:

CARBOINVENT
Forest inventories
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FORCAST Ecosystem fl uxes & budgets
CARBOAGE Changes with s tand development
CARBOEUROFLUX Canopy flux observation (Eddy-towers)
RECAB Regional C BL-Budgeting
AEROCARB Inversion modelling based on 

tropospheric CO2 observations
CARBODATA Data integration, ecosystem modelling

LBA CARBONSINK

TCOS - SIBERIA

Yakutsk
Lar ixZ otino east

M ixed fores t
Z otino west

Pinus

Fyedorovskoye
Moscow

Syktyvkar

Bialowieza

CarboEurope study regions:

CarboEurope Project Synergy:

Methods applied
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• FORCAST studies soil and 
biomass carbon and nitrogen 
turnover processe s in forests 

•FORCAST works at a series 
of sites with different stages 
of vegetation development,
climate conditions, and 
nitrogen deposition along a 
North-South transect. 

• All FORCAST  sites are 
also CARBOEUROFLUX 
sites where climate and NEE 
are monitored continuously.

F ORCAST Study Design:

FORCAST sites

CO2

NPP
6±2

Litter
3±1

Wood
3±1NEP

5±1

Mineralisa tion
1.4±0.7

Harvest

1.5±0.9

Soil C flux

Organic layer O

Mineral soil A

Litter
Wood

managed forest

Products
  

O layer
A horizon

MRT
years

<1-3
1-250
mean:  80

15-20
 

14-52
70-170

Fluxes in t C ha-1 yr -1

Source: Dolman et al. 2001

?

The FORCAST project focuses on the 
dynamics of carbon fluxes in the vegetation-

soil interface:

?
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• Which ecosystem components have large mean
residence times for carbon ?

• What is the effect of vegetation age on carbon storage?

• How does nitrogen availability affect carbon storage?

• Which processes drive the carbon sequestration ?

FORCAST  Questions :

CarboEurope Project Synergy:

Methods applied

Ec
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Project scale
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Beyond Europe: TCOS-Siberia Sites

Objectives of TCOS Siberia:

• Implementation of the first components of a continental 
scale observing system for determining the net carbon 
balance of Siberia and its variation from year to year.

• Integration of the project observational network with the 
networks of surface flux and atmospheric concentration 
measurements

• Integration with continuous trace gas measurements from 
a tall tower (250 m) to be operational in central Siberia 
within the next year. 
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TCOS-Siberia Methodology:

(1) Continuous surface flux measurements in key ecosystems at four locations 

Long-term surface flux 
monitoring systems 
are set in place at each 
measurement station 
(Example: Fjedorovskoje)

TCOS-Siberia Methodology:

(2) Regular vertical profile measurements from aircraft in the 
lower troposphere at six locations. 

Regular vertical profiling 
(every 2-4 weeks) and isotopic 
analysis of CO2 and other 
carbon cycle relevant tracers  
by aircraft at the sites
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Yennis ey River near 
Zotino, Central Siberia 

(3) Combination of tower measurement data, physiologic 
process data, air sample information, updated climatic data, 
and land cover information for modeling. 

Exchange process 
studies are supported by 
an Eurasian landscape 
characterization 
combining remote 
sensing approaches 
with terrain analysis and 
associated edaphic 
properties

TCOS-Siberia  combines data sources:

Land cover map 
from GIS, SAR & ETM
N. Etzrodt 2001

DEM from SAR interferometric data

Ground 
study sites for
soils & biom etry

• What drives interannual variation?

• How are biogeochemical cycles of C, N, P, H2O linked?

• How to scale up consistently local measurements ?

• How to disaggregate atmospheric measurements ?

Science issues
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• Developmen of carbon data assimilation systems for Kyoto 
Protocol monitoring.

Open issues:

Biomass up-scaling 
from tree to stand
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Site selection for study areas is based on uniform conditions

Eddy Tower locationWetzstein Quartzite

FORCAST Plots

Site: Wetzstein, Thuringia                       3-D:  Stockmann, Kuhpfahl, Reiche 2002

Leaves
70 y ears 3.3 Mg ha-1

Branches
70 y ears 30.4 Mg ha-1

Stem
70 y ears 293 Mg ha-1

Aboveground woody 
biomass

70 y ears 325.5 Mg ha-1

Aboveground total 
biomass

70 y ears 328.7 Mg ha-1

Biomass assessment is by applying algorithms for typical 
tree species

From Matteucci & Baschetti, University of Viterbo
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Biomass up-scaling for large 
areas

For biomass upscaling, the stand biometry of  potentially 
corresponding forest units is used from literature and associated 

with mapping units.

    F orest  type     L ocat io n E levat i on
A bove-g roun d 

b io mass
Stand  
H e igh t

B asa l 
a rea     Sou rce

m  a. s.l . t h a-1 m m ² ha -1

T e rr a f irm e  f or est Rio  X in gu , B r az il - 25 4 - - H EI NS D IJK  ( 1 95 8)  1 )

T r op ical  fo re st S ao  M ig ue l d e G u am a,  B r azi l - 25 3 - - G LE R U M &  S MIT  ( 19 62 ) 1 )

D r y mo ns oo n- ra in fo re st C h ian g Ma i P r ov in ce,  T ha ilan d 50 0 26 7 < 26 35 .4 O GA W A  e t a l. ( 19 65 )

L ow e r m on tan e ra in fo re st Lu qu illo  N a tl.  F or est , P u er to  R ic o 51 0 1 46 .5 -2 46 .7 30 36 .0- 41 .0 O V IN GT ON  e t a l. ( 19 70 )  
1 )

T r op ical  m ois t f or est P an am a - 26 9 - - G OLL EY   (1 97 5)  1 )

T r op ical  se aso na l e ve rg re en  fo r est M ag da len a V alle y,  C o lom b ia - 25 2 - - F ÖL ST E R  et  a l. ( 19 76 ) 1 )

L ow e r m on tan e ra in fo re st S ie rr a d e C h am á,  G ua te ma la 90 0 4 57 -4 99  <  4 0 46 .0

T r op ical  m on ta ne  w e t f or est In dia - 45 7 - - R AI  (1 98 1)  2 )

P r od uc tive  b ro ad lea f fo re st T ro pic al A m er ica - 15 5 - - B R O W N  &  L U GO (1 98 4)

T r op ical  ev er gr ee n sub m on ta ne  fo re st B ra zil - 26 8 - - K A U F FMA N  e t al. (1 99 5)  
1 )

T r op ical   m o nta ne  w e t for es t S an  C ar los de  R io  N e gr o , V e ne zu ela - 31 4 - - D EL AN E Y  e t a l. ( 19 97 ) 1 )

T r op ical  low er  m on ta ne  m oi st f or est S an  C ar los de  R io  N e gr o , V e ne zu ela - 34 6 - - D EL AN E Y  e t a l. ( 19 97 ) 1 )

V a lley  fo re st A lto  M a yo,  P er u 83 0- 98 0 24 0 < 30 40 .0 D EM PE W O LF (20 00)

L ow e r s lop e ra inf or es t A lto  M a yo,  P er u 85 0- 10 00 19 2 < 30 35 .2 B Ö R N ER  ( 200 0)

P rem ontan e  ra i nfore st A LT O MA YO , PE R U 920-1100 239 < 36 30 . 1 D I E T Z (2002)

a )  PR E MO NT A N E R A IN FO R ES TS

K U N K E L- W E S TP H AL  et  a l. ( 19 79 ) 5 )
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Seven estimates of storage of 
carbon in forest biomass for the 
Brazilian Amazon

Houghton, R. A., K. T. Lawrence, J. L. Hackler, and S.
Brown. 2001. The spatial distribution of forest biomass
in the Brazilian Amazon: a comparison of estimates. 
Global Change Biology. 7: 731-746.

Differential Height Accuracy: 1 meter 

Requirements to meet Kyoto
Protocol Carbon accounting needs in 

forest areas

Spatial Resolution: 0.5Ha = 5000m2 = Box plot or pixel size of 70x70m

Temporal Resolution: every 4 years (2008-2012) 

Average Tree Height Change in 4 Years: 1-4meters 

From: Mette et al.  2002
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Intra -Vegetation Unit Variation
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Vegetation classes and biomass distribution are typically not well correlated

From Rignot et al.  1995

Above-Ground Biomass of  major Vegetation Types – Rio Manu Region, Peru

Neotropical Rainforest, 290-350 m a.s.l.
sub-humid (dry) season June to September, Precipitation 2100-2400 mm yr-1

---6.446035-4050...>300Hill Forest

---6.428028-3450...>300Mature Upland Forest

1371142598.250440-53150...1000Mature Floodplain Forest

---3.017020-2615...>80Dry Palm Aguajal

101812326.731025-3520...>150Mosaic Forest

--->1.0>4312-205...20Cecropia

---1.4408-121...5Tessaria

----<43-100...3Gynerium

Gap 
Biomass*

(t ha-1)

Max. 
Biomass*

(t ha-1)

SE +++

(n=32)
(t ha-1)

Leaf area 
index+

(m2 m-2)

Standing 
biomass+

(t ha-1)

Canopy 
Height 

(m)

Age
(years)

Vegetation type

+ after Ogawa et a.  (1965) +++ J. Terborgh, Duke Univ.;Plot size 225 00 m2 * 625 m2 plot
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Inter-vegetation unit variation:

Edaphic effects on vegetation and 
biomass 

Vegetation Type

Palm forest 197 (62) 32 462     -   
Ficus swamp 216 (59) 33 700     -   
Alluvial plain forest 192 (58) 33 2126     -   

Valley forest 240 (103) 40 4287     -   
Montane rainforest 245 (147) 40 5225     -   

Semi-dec iduous hill forest 113 (45) 27 3305 4392
Fern woodland* 36 (14) 7 1241 1337

Slope heath forest 69 (46) 20 5883     -   
Dry heath forest* 25 (17) 9 2262 8966
Peat heath forest* 14 (6) 6 1284 17806

b Determ ined with relascope by BI TTERL ICH

Biomassa

t ha-1 m2 ha-1

Basal Areab

a S ta nd ing  a b ov e g r ou n d b io m as s a ft er  O GAWA 19 6 5

all  stems

* Bio m a ss es tim a tio n su pp or te d by  b iom a ss  ha r ve st

Growth Density

stems ha-1

dbh > 3.2 cm

Biomass parameters for ten vegetation types at the East 
Andean slope, Alto Mayo, Peru
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Example: Small scale variation of vegetation 
and biomass in tropical areas.

View across natural forests from the Cerro Tambo, Alto  Mayo, North Peru

II
III

�

�

�

�

�

�

II
III

�

�

�

�

�

�

II
III

�

�

�

�

�

�

Slope
     °    ha %

0-  2 65 3
2-   7 387 17
7-15 838 36

15-25 785 34
> 25 226 10

tot al 2302 100

Area

Slope distribution in the Alto   
Mayo study area.

Slopes are derived from
a 2 300 ha sample DEM 
with a grid resolution of 10 m.

Source: Dietz et al. 2002
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Forests in the hill area of  Alto Mayo

240  (103) t / ha 113 (45) t / ha

Open vegetation types of  the Alto Mayo

25  (17) t / ha

14  (6) t / ha

Dietz et al.  2002
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Dendrogram of  topographic position and drainage precconditions over 
vegetation height driving actual forest cover in the Alto Mayo hill area.

Distinction of clusters was confirmed by  statistical analy sis (cf. ANOVA-Analysis).
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Biomass Estimation Paramters 

Biomass = ƒ(h, dbh, wd)

(biomass as total aboveground dry weight of 
standing trees)

h = total tree height

dbh = tree diameter at breast height (1.3 m)
wd = tree wood density
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r 2 = 0.63
n   = 12 09

Tree height vs. DBH using Ogawa’s algorithms (1965) for neotropical vegetation:
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Tree height vs. DBH relationships for different biometric forest units:
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Schneeberg, 
Germany

Forest canopy 
height variation 

within pure spruce 
forests

500 m

Canopy  height 
(m)

Mette et al. 
ESAR, DLR

http://www.bgc-jena.mpg.de/public/carboeur/


