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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 wr_%
observing networks

centurie:

decadal

seasonal
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Regional Continents

106 km?
** pilot studies only * uneven geographic coverage
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The CarboEurope Project w-r.t

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




Carbon fluxes

Management

CarboEurope uses a dual constraint approach
for full carbon accounting

Top down:
atmospheric methods

Bottom up:
carbon inventories
and models

CARBOEUROPE Cluster Organisation:

CARBOEUROPE ACCOMPANYING MEASURE

CARBO-
EUROPE GHG

European geerholse
gas budget

CAMELS
Carbon assimilation
and modelling

CARBODATA

Ecosystemmodels

CARBOINVENT

Forestinventories

Coordnation and dissemination ofcarbon research results

AEROCARB
Airborne regional obsevations
of European carbon baknce

RECAB

CBL measurements and mocelling

CARBOEUROFL UX
Carbon and energy exchange offorests

CARBOAGE
Age dynamics ofC exchange in forests

FORCAST

Forestcarbon-nitrogen studies

CHIOTTO

Talltower
obsewations

GREENGRASS

Greenhouse gas
management
in grasslands

TCOS -
SIBERIA

Carban observations
in Siberia

CARBON-

SINK LBA
Carbon cycling
in Amazonia

TACOS

Terrestraland atmospheric carbon observation infrastructure




FORCAST Ecosystem fluxes & budgets

CARBOAGE Changes with stand development

CARBOEUROFLUX Canopy flux observation (Eddy-towers)

RECAB Regional C BL-Budgeting

AEROCARB Inversion modelling based on
tropospheric CO, observations

CARBODATA Data integration, ecosystem modelling
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LBA CARBONSINK
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Ecosystem component

Methods applied Project scale




@%’ F ORCAST Study Design:

e ' o . .FORCAST studies sqll and
i biomass carbon and nitrogen

turmover processesin forests

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

» All FORCAST sitesare
also CARBOEUROFLUX
siteswhere climate and NEE
are monitored continuously.

n*fﬂ%’ The FORCAST project focuses on the
dynamics of carbon fluxes in the vegetation-
soil interface:

Fluxes int C ha' yr-t

|

Litter
Wood

managed faest

Products

O layer

A horizon
N




FORCAST Questions :

* 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 ?
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Methods applied Project scale
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Beyond Europe: TCOS-Siberia Sites

=

e
% Objectives of TCOS Siberia:

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

* Integration of the project observational network with the
networks of surface fluxand 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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73N  TCOS-Siberia Methodology: KA

(1) Continuous surface flux measurementsin key ecosystems at four locations

Long-term surface flux
monitoring systems

are set in place a each
measuremert station
(Example: Fjedorovskoje)

TCOS-Siberia Methodology:

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

Regular Flight Zotino:
31 May 1999

Height (m)

"

Regularvertical profiling
(every 2-4 weeks) and isotopic
L analysis of CO,and other
O R e ey asrann M Carbon cycle relevant tracers

Virt. Pot. Temp (°C) [€©;] (umolmol ) [H, 0] (mmok mol "), by al rera ft a t the Sl teS
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TCOS-Siberia combines data sources:

(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
Ground e o~ .4 ¥ combining remote
study sites for 4 - F - -y 3 0
sos & biom etry -3 ; i sensing approaches
= A ; : with terrain analysis and
Land cover map . 5
from GIs, sAR & ETM| associated edaphic
N. Etzrodt 2001 .
propertes

Yennis ey River near
Zotino, Central Siberia

Science issues

What drives interannual variation?

How are biogeochemical cycles of C, N, P, H,O linked?

How to scale up consistently local measurements ?

How to disaggregate atmospheric measurements ?




Open Issues:

» Developmen of carbon data assimilation systems for Kyoto
Protocol monitoring.

Biomass up-scaling
from tree to ¢and




Steseection for study areasis based on uniform conditions

o Wetzstein Quartzite Eddy T ower location

D FORCAST Plats

Ste: Wetzstein, Thuringia 3-D: Stockmann KuhpfaH, Reiche 2002

Biomass assessmentis by applying algorithms for typical
tree species

Leaves
70years 3.3 Mg ha

.,F Aboveground woody

- . : ‘ biomass
Branches ‘ ] . 70years 325.5Mg ha'
70years 30.4 Mg ha™ -

o Aboveground total

= - _ biomass
Stem T 70years 328.7 Mg hat
70years 293Mg hat 1

From Matteucci & Baschetti, University of Viterbo



Biomass up-scaling for large
areas

For biomass upscding, the stand biometry of patentidly
corresponding forest units is used from literature and associated
with mapping units

Above-ground Stand Basal
Forest type Location Elevation bio mass Height area Source
m asl tha m m2 ha ™
a) PREMO NTANE RAINFO RESTS
Temrafime forest Rio Xingu,Brazil s 254 s = HEINSDIK (1958) »)
Tropical fore st Sao MigueldeG uama, Brazil - 253 - - GLERUM & SMIT (1962)
Dry mons 0on-rain fore st Chiang MaiProvince, Thailand 500 267 <26 35.4 0 GAWA etal.(1965)
Lowermontane rain forest Luquillo Natl. Forest,Puerto Rico 510 146.5-246.7 30 36.041.0 oVINGTONetal (1970)
Tropical mois tforest Panama - 269 = s GoLey 975 Y
Tropical seasonalevergreen forest Magdalena Valley, Colombia s 252 s = FoLsTERet al.(1976) ¥
Lower montane rain fore st siemade Chama, G uatemala 900 457499 <40 46.0 KUNKEL-WESTPHAL et al. (1979) ¥
Tropical montane wetforest In dia . 457 - 8 RA (1o81) ?
Produc tive broadleaf fore st Tropic al Am erica - 155 - - BROWN & LUGO (1984)
Tropical evergreen submontane forest Brazil - 268 - - KAUFFMAN et al. 1995)
Tropical montane wet forest San Carlos de Rio Negro, Ve nezuela - 314 - - D aney etal (1997)
Tropical low er montane moistforest ~ San Carlos de Rio Negro,Ve nezuela - 346 - - D g aney etal (1997) Y
Valley fore st Allo Mayo, Peru 830-980 240 <30 40 .0 D EM PEWO LF (20 00)
Lower slope rainforest Allo Mayo, Peru 850-10 00 192 <30 35.2 BO RNER (2000)
Premontan e rainfore st ALTO MAYO, PERU 920-1100 239 <36 30.1 DIETZ (2002)




Seven estimates of storage of
carbon in forest biomass for the
Brazilian Amazon

Fin. s b

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

T i S ima

Requirements to meet Kyoto
Protocol Carbon accounting needsin
forest areas

Spatial Resolution; 0.5Ha=5000n? = Boxplotor pixel size of 70xX70m

Tenporal Resdlution:  ewery 4 years (2008-2012)

Average Tree Height Changein 4 Years: 1-4meters

Differential Height Accuracy: 1 meter

From: Metteetal. 2002




Intra -Vegetation Unit Variation
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Vegetation classes and biomass distribution are typically not well correlated

MANL NATIOMAL PARK FOREST, PERU

From Rignot et al. 1995

Above-GroundBiomass of major Vegetation Types—Rio Manu Region, Peru

Neotropical Rainforest, 290-350 mas.|.
sub-humid (diy) season Juneto September, Precipitation 21002400 mmyrt

Vegetation type Age Canopy Sanding Leaf area  SE* M ax. Gap
(years) Height biomass index* (n=32) Biomass' Biomass'
(m) (t ha-1) (m? m-?) (t ha®) (t ha®) (t ha®)
Gynerium 0...3 3-10
Tessaria 1.5 8-12
Cecropia 5...20 12-20

Mosaic Forest 20...>150 25-35
Dry Palm Agugal 15...>80 20-26

Mature Hoodplain Forest 150...1000 40-53
Mature Upland Forest 50...>300 28-34
Hill Forest 50...>300 35-40

+dter Ogavaeta (1965) +++J. Terborgh, DukeUni/ Plotsize225 00 m?  * 625 m?plat




| nter-vegetation unit variation:

Edaphic effects on vegetation and
biomass

Biomass parameters for ten vegetation types at the East
Andean slope, Alto Mayo, Peru




Example: Small sca e variation of vegetation
and biomass in tropicd aress.

View across natural forests fram the Gerro Tambo, Alto May o, North Peru
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Slopedistribution inthe Alo
Mayo study area.

Slopes are derivad from

. a 2300 ha sample DEM
E = + Eal witha grid resolution of 10 m

Source: Dietz et al. 2002




Forestsin thehill area of Alto Mayo

240 (103)t/ ha - 113@5)t/ha

Open vegetation types of the Alto Mayo

Dietz et al. 2002




Dendrogram of topographic position and drai nage precconditionsover
vegetation haght driving actual f orest cover in the Alto Mayo hill area.

Distinction of clusterswas confirmed by statistical analy sis (cf. ANOVA-Arely sis).

Hierarchical Cluster Analysis
Ward Method with new Clustersspli toff
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Biomass Estimation Paramters

Biomass = f(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




Tree height vs. DBH using Ogawad s algori thms (1965) for neotropi cal vegetati on:
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Schneeberg,
Germany

Forest canopy
height variaion
within pure spruce
forests

Canopy height
(m)

Mette et al.
ESAR, DLR

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




