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Combining l a nd -u s e  s t a t is t ic s w it h  p r oc e s s -ba s e d  e c os y s t e m 
mod e l l ing t o e s t ima t e  t h e  E u r op e a n c a r bon ba l a nc e
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Model Evaluation
C Fluxes, FPAR and yields of croplands

C Fluxes and dev elopem t  of g row ing  st ock  in forest s

Model D r iver s
L anduse dat a and landuse ch ang e

P r elim inar y  R es ults

Preliminary runs confirm that Europe presently acts as a small net C  sink , mainly 
resulting  from C  seq uestration in forest ecosystems, w hereas ag ricultural land scapes 
appear as net C  emitters. T he effect of land use chang e and  chang es in larg e-scale 
forest manag ement affect Europe‘ s terrestrial C  b alance to at least a similar ex tent 
than g row th increases as a conseq uence of ob serv ed  climate chang e.
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I ntr oduc tion
R ecent stud ies b ased  on ed d y-cov ariance measurements and  statistical approaches ind icate that Europe’ s 
terrestrial b iosphere presently acts as a small net carb on sink  ( e.g . J anssen et al., 2 0 0 3 ) . U ncertainty 
inherent to the upscaling  is of a similar mag nitud e than the net C flux  itself. C omplementary approaches 
to constrain to the C  b ud g et of the European terrestrial b iosphere and to scale ecolog ical k now led g e from 
sites to a continental scale includ e ecosystem mod els. 
H ere w e present and  ev aluate an ad v anced  v ersion of the L PJ -D G V M  ( S itch et al., 2 0 0 3 ) that comb ines 
g eneric representations of cropland s, manag ed  forest ecosystems, and natural v eg etation d ynamics 
w ithin a common land -atmosphere coupling  scheme. T he mod el is forced  w ith present-d ay climate and  
patterns of land use chang e d eriv ed  from land use statistics to estimate the net C  b alance of Europe on a 
1 0 ‘  g rid .

Fig 1 : S chematic d ig ramm of the main processes, land cov er classes   
and  functional types represented in L PJ

Fig.  5 : Ex ample for the comparison of L PJ simulations ag ainst EEF R inv entory d ata 
on a reg ional scale. L PJ  is capab le of reprod ucing  reasonab ly the temporal 
d ev elopment of g row ing  stock , as w ell as the g rad ient in g row th along  a climatic 
g rad ient from N othern F inland  to S outhern S w ed en. 
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Fig.  6 : Panal A show s the current d istrib ution of forest ( ab ov e)  and  ag riculture 
( b elow )  from a comb ined  C O R I N E and  PEL C O M  map. B oth remote-sensing  land use 
classications d iffer in their area estimates, partly d ue to classification d ifferences 
( g rey b ars) . Panel B also show s the implications of this d ifference for carb on stock
estimates in EU 1 5 + N orw ay and  S w itz erland . Panal C show s the chang e in land cov er 
( 1 9 4 0 -2 0 0 0 ) . T hese chang es hav e b een mapped  onto the land cov er map ex tend ing  
the alg orithms from R amank utty and  F oley ( 1 9 9 9 )  and  G old w ij k  ( 2 0 0 1 ) .

A) B) C)

Forest management

Fig.  7 : C onceptual d iag ram of the forest manag ement implementation in L PJ . 
C limate, land use chang e, and  chang es in w ood  d emand  affect forest g row th and  
ag e-structure. R ig ht:  N EE and  N B E ( accounting  for the flux  from w ood -prod ucts)  in 
eq uilib rium, tak ing  account of ob serv ed  climate and  C O ñ chang e, after a hypothetical 
2 0 %  increase in forest area and  follow ing  ov erex plaiotation
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Fig.  3 : S easonal C  flux es at three coniferous forest sites as simulated b y L PJ  ag ree 
w ell w ith ed d y-cov ariance measurements along  a climatic g rad ient from 
med iterranean to b oreal cond itions  ( 1 9 9 6 -2 0 0 0 )

Fig.  4 : T ree g row th in L PJ  compared  to the yield  tab le of p i n u s  s y lv es tr i s in 
G ermany ( reference period  1 9 3 1 -1 9 6 0 ) . A llocation in L PJ  w as mod ified  to account for 
the ag e-related  d ecline in forest prod uctiv ity, follow ing  a v ersion of the hyd raulic 
limitation theory as proposed  b y M ag nani et al. ( 2 0 0 0 )
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Fig.  2 : A) M od elled  G PP and  ecosystem respiration for a spring  b arley site in 
S outhern F inland  ( 6 0 ° 5 4 ‘  N  2 3 ° 3 0 ‘  E)  ag ree w ell w ith ed d y-cov ariance d ata ev en 
w ithout site-specific parameterisation. B) M ean seasonal cylce of F PA R  ( 1 9 8 2 -2 0 0 0 )  
for a European w ind ow  ( 3 4 ° N -7 0 ° N  /  1 1 ° W -4 0 ° E)  from L PJ  ( lpj -nat:  potential natural 
v eg etation)  is improv ed  in comparison to A H V R R  ( sat)  d ata w hen accounting  for 
actual land cov er and  crop functional type phenolog y ( lpj -lu) . C) G rain maiz e yield  
estimates for tw o fed eral states in S outhern G ermany show  fair ag reement w ith yield  
statistics, apart from a linear trend  d ue to technolog ical ad v ances. 
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A) B) C)

Fig 8 : N EE ( all land uses, ex clud ing  flux  from w ood  prod ucts)  for the 1 9 9 0 s. R ig ht:  C  
uptak e of forests, split into the components climate chang e, land use+ climate chang e  
and  manag ement+ land use+ climate chang e, in comparison estimates b ased  on 
inv entory and  upscaled  ed d y-cov ariance measurements.
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