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Germany

H. Spiecker', M. Lindber® and H.-F. Kahle'

Uiversity of Freiburg, Institute for Forest Growth, Fraibwrg. Gemmany
*Potzsdam Institute for Climate Impact Research, Potsdam, Germany

Current key sensinivinies to weather and the mechanizm: limiting forest regeneration
and growth

Forest growth conditions m Germmany are quute heterogeneous. Climate shronghy differs from
the lowlands m the North to the mountainous tenzmns m the South, and there 15 2 distinet
continental madient with decreasing precipitation from West to East. Beside these mesoscals
differences climate vares considerably with geomorphological conditions. There are faw
climate drrven zonal distibution hmuts of f1ee species m Germany. One example 15 the
northeast continentzl linwt of European besch (Fagus syivatica) m Northeast Germany.
Another one 15 the northemn ot of Quercus pubescens m Southwest Germany. The
altitudmal vegetation zones meludes zones from the alntudinal treeline n the Alps te
thermeophile daciduous forests in the niver valleys. The natwral forest composition has
chanzad on 2 large scals because of mtensive human activinies over several cenhries. Today,
most of the forests are mtensively managed.

In thelr natwral environments frees have always been subject to shifiing multiple stresses
duwing thew Lifetime as well as dwing thenr annual growth cvecle. The main phyzical chmatic
factors limitng forest growth m Germany are (m order of importance): (1) stomm (oranckh,
crown and stem breakage, windthrow, franspiration stress, needle/leaf loss), (1) snow
(branch, crowm and stem breakage), (3) (late-) frost (damagze to buds, to leaves/needles, o
roots, to stem/cambium), (4) water shortage/'dronght (transpiranon stress, desiccation,
damags to leaves/needles, abscission, damagzs to roots, xvlem smbolism), (3) hail (damage to
leavesneedles and buds).

The followms physical climatie factors are the key factors linmtimg forest regeneration m
Germany: (1) hight availlabihity (shading manly due to stand canepy closure), (2) frost, (3)
water shortage/'drought, (4) miment availability.

MManagement of forests (regeneration methods, tending, thinping and regeneration cuttings)
has a decizsive impact on forest regeneration. Moreover, mteractions between physical climatic
factors and other abiotic and biotic environmental factors have to be considered. & 5. processas
mn the soil and bumus layer affecting water and nutnent availability, populatton dynamies of
berbiveres apd pathogens, rates of and exposure to amuospherie pollutants.

Sopree Kellenie, Ties Eonelamm, Feia bohes mel Teip Lapseicsren (s )
Baper Amemmeb oo e Likely bnpeca of Chesls Changs on Foresis el Foresiy m Breogpe
BF Procoarbngs Ha. 34, 2000
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Dhie to the doversity of forests in Germany, the order of miportance of the key sensitmities
of mowth and regeneration to weather and climate largely varies according to tres speciss,
the developmental stage, site conditions, stand conditions, infensity and duration as well as
temporal and spatial vanation of climatic stresses, preconditioming (e.g. flowering, seed
production), and predisposing factors (mmlbple’chrome stresses) hke atmosphenc
deposition, and air chenustry.

Key impacting aspects of climate change in the future

A guantitative assessment of the likely climate changs impacts at the national scale 1s
difficult for several reasons. The mmpacts of climate change on forest ecosystems strongly

depend on:

+ the rate of change i the climare: If climate chanpges at a rapid rate relatrve to the spead at
which forest species grow, reproduce and adapt and at which forest stands re-sstablizh,
the mipact will be ich more severe.

* the magnitude gf change in climate means and climate extremes: There 15 high uncertam-
ty m the prediction of the frequency and magmitude of chmate extremes. Today, climate
extremes are the kev mpacting factors on forests i Germany.

* the regional characteriztics gf the future climate: The regional resolution of climate
projections 15 very coarse. 1here 15 still considerable vmeertamty associated wath the

future precipitation reglme Fezional impacts of climate change mav point 1 different
directions (e g positive m high elevatons and negative m water limited ecosystams).

+ the stability, vulnerabilicy and adaprive porential of the particular foreszt ecosystems: In
Cermany some specles, e.z. Norway sproce (Picea abies), have been planted on large
areas and sites outside their natral range. These forests wall be particularly susceptible to
climate warmmng, becauss they eften are growing at their tolsrance linnts with respect to
water availability and thus have a low adaptive potential to chmate changs.

+ the combined gffects af multiple climare change factors on forest growth: Different global
change factors mav canse confrasting growth responses. For example the effect of
mereasing CO, concentration 13 likely to stimulate growth, but the mmpact of changing
temperatme and precipitation may be either posifive or negatrve. Different chimate change
factors mav mteract counteract mowth, e.z. mereased transpiration demand wmder climate
warming could partly be offset by mereased water-use efficiancy associated with CO,
ferfilization.

Mevertheless, 1t 15 possible to identify some general trends at the regional scale:

+ The projected mersase 1 temperanre may threaten drought sensitive forest ecosystems m
(ermany, especially spruce domunated stands outside their natural range. It 15 rather
unlikely that the change in precipitation and the mereased water-use efficiency azsociated
with CO, fertilization will fully compensate for the mereasing atmosphenc transpirative
demand because the observed ncrease of anmal precipitation in the 20 cenfury was
associated wath a seasonal shift of precipitation to the winter months.

+ In lngher elevations the projected climate change will hkely have mamly positive effacts
on srowth except on wind exposad mountaim 1ndges where desiccation may ooour
Clmate change will 1ift the cold distnibunion hout of tree species finther up to ugher
elevations. However, natural suceession will probably requires numerons tree generations
to shaft the climax _apa.':ies n:-nm:nsitinn 11 lgh altitude forest scosvstems. Since thers 15
nowhere to mugrate, remaming natural forest ecosvitems at the top of the mountam ranges

will be endangerad.
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From past cbservations we know that on many central European sites growth responses of
major forest tree species towards the inter-anmmal vanabality in water availabality are simmlar,
and more or less mdependent of the mean chmatic condifions at the particular sites. Thas
mdicates that tree populations have adapted to local site conditions. Therefore, changzes m
chmatic growth factors could have a widespread impact on forest growth,

Most vulnerable regions

The most vulnerabls regions m Germany are those where m the summer months moisture
avallabilitv for forest stands 15 already lmuted under present site conditions. From a
geograplical pomit of view these are espacially the warm and dry lowlands 1n Meitheast and
Southwest Germany. Topographically sensitive sites ave those where exposure to msolation
and wind exhances evaporative atmospheric demand. From the pedolegic pomt of view
shallow seals on meowmtam rdges and steep slopes as well as sandy soils m platsau regions
are most sensitive to increased drought stress on forest stands.

Pine plantations mm dry regions have an especially igh nisk of forest fives and insect
infestations. Spruce plantations outside thewr natural range mav alse be considered to be
vulnerable to meect attacks m drv vears.

Impacts of climate change on management

Climate change will have profound mmpacts on forest management 1n Cermany. Simnce
growth development of forests under changed chmate condihons may differ from past
observations higher uncertainty and additional nisks will be mvelved m forest management.

Fegeneration: The culttvation surtabulity and thus the choice of species and provenances
will be affected at least i those regions where drought siress mereazes. Fegeneration and
growth of voung stands will be adversely affected by increazsd weed competihion under
mereazed temperatwes and mereazed site fertliny

Thinning rrearments: In order to account for mereasing growth 1ates, the cutting rates need
to be increased. The tmung of thinmings needs to be adjusted fo altered growth dynammes.
Thas wll have special impertance 1 muxed stands where climate change may change the
zrowth relations between species.

Harvezting: Fotation length and harvestng shatesies may need to be handled mn a flecble
and adaptive way m order to respond to, e.g., possible msect attacks or dieback after
drought. Howsver, due to accelerated growth the rotation lengths can be shortened while
producing similar dimensions. The mmtroduction of new free species can alse requmre the
modification of harvesting regimes.

Timber supply: The effects on the dimension and quality of timber very nmch depends on
thinming mtensity and rotation length. The mmereasing forest site productivaty observed durmg
the last decades allows for lugher cutting rates and leads to mcreased timber supply. The
transformanon of non-smtable mono species forest stands, mto site adapied mixed forests
will lead to a transitory merease i the harvesting quanttes of thess spacies.

Main adaptive options available

The main management options avallable to mutigate effects of climate change on forest
growth and foresty m Germany are: (1) selection of site adapted species and provenances,
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(2} changs m species composition towards an imcrease m the parcentage of muxed forests, (3}
mtenzified tending and thinming, (4) adapive thimmung and harvestmg strategzies, (3]
managing the regeneration phase m respect to weed contrel and species composition, (8]
shortening of 1otation length.

The current wend towards muxed forests with more natural species composition 15 an
adaptive measwre to climate change, because the mixture of species reduces the nsk of
disback at the stand level. Furthermors, modem silviculomal strategzies, which aim at
mereasing stuctural diversity in the forest stands, improve the adaptation potential of the
stands and imcrease the choice of management options. Increasmg diversity at different
hierarchical levels from the forest stand to the forestry district 15 another adaptation option
for reducmg nisks of large-scale forest dieback.

Main implications for other zectors and other trend:

Increazad forest site productivity allows for higher cutting rates and leads to higher wood
supply. The expected increase m the percentage of samitary cuts may change markets m an
unpradictable way. In general the moplications for ether sectors will not be very large wathon
the newt 2050 vears. Altered management strategies will influence the amenity values of
forests and bwodiversity m fovest ecosystems. The moplications for zrowmd water resoumrces
will probably be dominatad by the direct impacts of the changing chimate. Ground water
replemizhment could be reduced because of mncreasing evapomanspiration in the vegetation
peniod. On the other hand, an mmcreasing share of deciduous species mav shghtly mereaszs
ground water rechargzs.

Asin uncertainties and unbnowns

The mam mwmeertamtbies are cansad by hmuted climate prediction capabilines (e.z. frequency
and mtensity of extreme events, regional climate change scenaros). Only limated knowledge
15 available about the adaptabulity of exastmg forests to climate change. Fesearch 15 needed
to assess the adapiation potential of different species and provenamces, of stands of different
species compositions at dfferent ages and with different competition’mrowth histones under
site conditions diffening m s0il moisture stovage and moment capacity. In addition, research is
neaded m forest management to develop response strategies, which meorporate nsk
assessments and umeertamfties.

Main policy implications

The mam climate change mmplications for forest policy are charactenzed by manazement
under nzk and uncertamty. Flexable manazement strategies, adaptive to the local situation
and to changes m time are needed and have to be mtroduced as a continucus process mto
management activities.
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