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Mountain regions are important sources of water

(Mountain Agenda 1998), centers of biodiversity

(Körner and Spehn 2002) and areas for recreation

and tourism, but they are also highly sensitive to

human (Cernusca and others 1999) and climate

effects (Beniston 1994). Ongoing socio-economic

changes have strongly influenced land use in

mountain areas, resulting in patterns of intensifi-

cation and abandonment that differ across Europe

(Tappeiner and others 2003). During the last dec-

ade there have been considerable efforts to assess

the contribution of different ecosystems to the

global carbon cycle (Baldocchi 2008). There is al-

ready substantial information on the carbon

sequestration of forest ecosystems (Valentini and

others 2000); however, data on the carbon cycling

of non-forest ecosystems are still underrepresented

(Falge and others 2002). Grasslands cover about

40% of the global terrestrial ice-free surface, but

their contribution to local and regional carbon

fluxes remains uncertain (but see Gilmanov and

others 2007; Sousanna and others 2007). Further-

more, there are no studies that address the carbon

balances of European semi-natural grasslands, as

most of the mountain grasslands are, but studies

have focussed on more intensively managed culti-

vated grasslands or semi-arid grassland areas. The

studies carried out so far suggest that grasslands can

be either a sink or a source of carbon (Novick and

others 2004; Gilmanov and others 2007). The

causes for the observed variability, in particular

inter-active effects of climate and land use on the

grassland CO2 source/sink strength, have not yet

been addressed.

This special feature investigates the dynamics of

and the controls on the carbon cycling of mountain

grasslands across a European transect and develops

a perspective of landscape-scale changes of carbon

fluxes in relation to scenarios of future land use

resulting from likely socio-economic develop-

ments. It is based on results of the European Union

project CarboMont (EVK2-CT2001-00125), which

has studied effects of land-use changes on carbon

sources, sinks and fluxes in mountain grasslands at

13 sites across Europe (Figure 1).

The first paper (Wohlfahrt and others 2008)

analyses biotic, abiotic and anthropogenic controls

on the net ecosystem CO2 exchange (NEE), and

its components gross primary production and total

ecosystem respiration. It provides a large-scale

functional analysis of the major driving forces
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determining the carbon cycle of grasslands across

Europe. The main finding of Wohlfahrt and oth-

ers (2008) is that the timing and frequency of

land management practices, through triggering

rapid changes in the amount of aboveground

plant matter, is crucial for the short-term sensi-

tivity of NEE to climatic drivers.

The second paper (Bahn and others 2008) ad-

dresses the topic of soil respiration, which has re-

ceived considerable attention in a vast range of

ecosystems, but so far still awaits a synthetic

exploration for grasslands, where it has a poten-

tially higher impact on the total ecosystem respi-

ration as compared to many other ecosystems.

Bahn and others (2008) show that soil respiration

of Central European mountain meadows are

amongst the highest so far reported for any type of

ecosystem. They demonstrate that assimilate sup-

ply, as modulated by climate and grassland man-

agement, may affect soil respiration at timescales

from annual to daily. Across sites, soil respiration at

a reference temperature increased with mean an-

nual soil temperature, leaf area index and gross

primary productivity, indicating that assimilate

supply overrides potential acclimation to prevailing

temperatures.

Papers three and four expand the ecosystem

studies presented in papers 1–2 to the larger con-

text of landscape dynamics. Paper three (Bayfield

and others 2008) investigates the likely effects of

different policy scenarios on the future land use in

different European mountain regions, as derived

from stakeholder consultation and decision mod-

elling. Bayfield and others (2008) predict that there

will be widespread reductions in the agricultural

sector across Europe in the next 20 years at the

expense of increases in transport, built environ-

ment and tourism sectors. Reductions are expected

to be most severe under the scenario of a rapid

reduction in farm income support, less when cur-

rent rural funding continues, and were predicted

even for the scenario of increasing funding for rural

diversification.

Based on likely future scenarios developed by

Bayfield and others (2008) and by means of a

Markovian model, paper four (Tappeiner and oth-

ers 2008) derives spatially explicit historical, actual

and future scenarios of landscape development and

analyses their effects on the landscape carbon

pools. A closely related study by Tenhunen and

others (2008), which simulates the cycling of car-

bon and water at the landscape-scale, is currently

in press. The main finding of Tappeiner and others

(2008) is that during the past 140 years more than

47% of the total and more than 90% of the usable

agricultural land in the study area have undergone

change in land use and that these changes have led

to an increase in carbon stocks by 21%. All future

scenarios predict only minor increases in carbon

stocks because major landscape elements will be

either largely unaffected (forest, rocks, screes) or

are unimportant in their spatial extent (built

environment).

In summary, the set of papers compiled in this

special feature attributed to the EU CarboMont

project shows that land management, through

triggering rapid changes in the amount of assimi-

lating plant matter and assimilate supply to

belowground organs, is a crucial driver for both the

uptake and the release of CO2 by/from European

mountain grasslands. Land management, in turn, is

to a large extent the result of socio-economic

framework conditions set by agricultural policies.

In this special feature three contrasting likely fu-

ture European policy scenarios are considered and

it is predicted that they lead to widespread reduc-

tions in the agricultural sector. As exemplified for a

typical Alpine Valley, these reductions in land use

are likely to cause, as opposed to historical changes,

only modest increases in landscape carbon stocks.

Figure 1. Map of Europe showing the location of the

CarboMont study sites; country abbreviations are shown

in parentheses for each site.

1336 A. Cernusca and others



ACKNOWLEDGEMENTS

We thank all the authors for their contributions

and constructive comments. Financial support was

provided by the EU under contract EVK2-CT2001-

00125.

REFERENCES

Bahn M, Rodeghiero M, Anderson-Dunn M, Dore S, Gimeno S,

Drösler M, Williams M, Ammann C, Berninger F, Flechard C,

Jones S, Kumar S, Newesely C, Priwitzer T, Raschi A, Siegwolf

R, Susiluoto S, Tenhunen J, Wohlfahrt G, Cernusca A. 2008.

Soil respiration in European grasslands in relation to climate

and assimilate supply. Ecosystems (this issue). doi:10.1007/

s10021-008-9198-0.

Baldocchi DD. 2008. ‘Breathing’ of the terrestrial biosphere:

lessons learned from a global network of carbon dioxide flux

measurement systems. Aust J Bot 56:1–26.

Bayfield N, Barancok P, Furger M, Sebastia MT, Domı́nguez G,

Lapka M, Cudlinova E, Vescovo L, Gianelle D, Cernusca A,

Tappeiner U, Drösler M. 2008. Stakeholder perceptions of the

impacts of rural funding scenarios on mountain landscapes

across Europe. Ecosystems (this issue). doi:10.1007/s10021-

008-9197-1.

Beniston M, Ed. 1994. Mountain environments in changing

climates. London: Routledge.

Cernusca A, TappeinerU, Bayfield N, Eds. 1999. Land-use changes

in European mountain ecosystems. ECOMONT—concepts and

results. Berlin: Blackwell Wissenschaftsverlag, Berlin.

Falge E, Tenhunen J, Baldocchi D, Aubinet M, Bakwin P, Ber-

bigier P, Bernhofer Ch, Bonnefond J-M, Burba G, Clement R,

Davis KJ, Elbers JA, Falk M, Goldstein AH, Grelle A, Granier

A, Grünwald T, Guðmundsson J, Hollinger D, Janssens I,

Keronen P, Kowalski A, Katul G, Law B, Malhi Y, Meyers T,

Monson R, Moors E, Munger JW, Oechel W, Paw U KT,

Pilegaard K, Rannik U, Rebmann C, Suyker A, Thorgeirsson

H, Tirone G, Turnipseed A, Wilson K, Wofsy S. 2002. Phase

and amplitude of ecosystem carbon release and uptake po-

tential as derived from FLUXNET measurements. Agric For

Meteorol 113:75–95.

Gilmanov TG, Soussana J-F, Aires L, Allard V, Ammann C,

Balzarolo M, Barcza Z, Bernhofer C, Campbell CL, Cernusca

A, Cescatti A, Clifton-Brown J, Dirks BOM, Dore S, Eugster

W, Fuhrer J, Gimeno C, Gruenwald T, Haszpra L, Hensen A,

Ibrom A, Jacobs AFG, Jones MB, Lanigan G, Laurila T, Lohila

A, Manca G, Marcolla B, Nagy Z, Pilegaard K, Pinter K, Pio C,

Raschi A, Rogiers N, Sanz MJ, Stefani P, Sutton M, Tuba Z,

Valentini R, Williams ML, Wohlfahrt G. 2007. Partitioning

European grassland net ecosystem CO2 exchange into gross

primary productivity and ecosystem respiration using light

response function analysis. Agric Ecosyst Environ 121:93–120.

Körner C, Spehn E, Eds. 2002. Mountain biodiversity—a global

assessment. London: Parthenon Publishing.

Mountain Agenda. 1998. Mountains of the world. Water towers

for the 21st Century. Paul Haupt AG, Berne, Switzerland.

Novick KA, Stoy PC, Katul GG, Ellsworth DS, Siqueira MBS,

Juang J, Oren R. 2004. Carbon dioxide and water vapor ex-

change in a warm temperate grassland. Oecologia 138:259–

74.

Sousanna JF, Allard V, Pilegaard K, Ambus P, Amman C,

Campbell C, Ceschia E, Clifton-Brown J, Czobel S, Domingues

R, Flechard C, Fuhrer J, Hensen A, Horvath L, Jones M,

Kasper G, Martin C, Nagy Z, Neftel A, Raschi A, Baronti S,

Rees RM, Skiba U, Stefani P, Manca G, Sutton M, Tuba Z,

Valentini R. 2007. Full accounting of the greenhouse gas

(CO2, N2O, CH4) budget of nine European grassland sites.

Agric Ecosyst Environ 121:121–34.

Tappeiner U, Tappeiner G, Hilbert A, Mattanovich E, Eds. 2003.

The EU agricultural policy and the environment. Evaluation

of the Alpine region. Berlin: Blackwell.

Tappeiner U, Tasser E, Leitinger G, Cernusca A, Tappeiner G.

2008. Effects of historical and likely future scenarios of land

use on above- and belowground vegetation carbon stocks of

an Alpine valley. Ecosystems (this issue). 10.1007/s10021-

008-9195-3.

Tenhunen J, Geyer R, Adiku S, Tappeiner U, Bahn M, Dinh NQ,

Kolcun O, Lohila A, Owen K, Reichstein M, Schmidt M, Wang

Q, Wartinger M, Wohlfahrt G, Cernusca A. 2008. Influences

of landuse change on ecosystem and landscape level carbon

and water balances in mountainous terrain of the Stubai

valley, Austria. Global and Planetary Change (in press).

Valentini R, Matteucci G, Dolman AJ, Schulze E-D, Rebman C,

Moors EJ, Granier A, Gross P, Jensen NO, Pilegaard K, Lind-

roth A, Grelle A, Bernhofer C, Grünwald T, Aubinet M, Ce-

ulemans R, Kowalski AS, Vesala T, Rannik Ü, Berbigier P,
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