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Preambule: short description of the Belgian forests

Belgium has a temperate maritime climate, charae@by a limited temperature range,
abundant and regular rainfall, and prevailing wgteinds. Altitude ranges froroa Om
along the coast up to 700 m in the Ardennes. Beidielongs to two biogeographical
regions: Atlantic and Continental (European Envinemt Agency, 2009).

Belgian forest covereca 693 181 ha in 2000, corresponding to 22.7% otdked area
(Vande Walleet al., 2005). As indicated in Table 1, the distributadrthe forest cover
between the three regions of the country is quitvan.

Table 1. Distribution of the forests over the thBssgian region’s

Region Total area Forest area Forest cover % of the total
(km?) (km?) (%) Belgian forest area
Brussels Capital 162 20 12.3 0.3
Flanders 13521 1463 10.8 21.1
Wallonia 16 845 5448 32.3 78.6
Belgium 30 528 6 931 22.7 100.0

# From Vande Wallet al., 2005

On an area basis, the part of private ownershapait 70% and 50%# 100 000 owners for
a total of 100 000 and 250 000 ha, respectivetyl;landers and Wallonia, respectively. In
Flanders and Wallonia, the two main public owneesthe townsda 36% and 74%,
respectively) and the Regioca(33% and 22%, respectively).

Forest inventories are carried out according tiondla sampling strategy in both Flanders
(Waterinckx and Roelandt, 2001) and Wallonia (Raxdz al., 1996). The relative
importance of selected tree species in terms @f igrgiven in Table 2 for the year 2000
(Vande Walleet al., 2005).

Table 2. Areas (ha) occupied by selected tree speftir the year 20600

Coniferous Deciduous
Species Flanders Wallonia Species Flanders Walloni
Douglas-fir 1280 10 800 Beech 7790 42 200
Larch 3 060 8 200 Mixed noble 10 250 57 100
Pine 63 550 14 800 Oak 14 320 81 600
Spruce 2 860 171 700 Poplar 19 060 9 500
Other 910 19 600 Other 21 650 43 200
Total

# From Vande Wallet al., 2005

Following the regionalization of the country, tleedst policies are now defined at a regional
level.

In Wallonia, forest management in public ownerslsgpsarried out by the ‘Département de la
Nature et des Foréts, DNF’, within the General Ciweate DGO3 ‘Direction générale
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opérationnelle de I'Agriculture, des Ressourcesraliés et de I'Environnement’. From a
political point of view, this matter is attachedtbe Walloon Ministry of Public works,
Agriculture, Rural affairs, Nature, Forests andrifatny. In its first article, the recent forest
code (15 July 2008) insists on the multifunctiordé of forests, saying that: ‘Woods and
forests are a natural, economic, social, cultaadl landscape patrimony. It is advisable to
ensure their sustainable development by ensuregdnmonious coexistence of their
economic, ecological, and social functions’.

In Flanders, forest management in public ownersisigarried out by the ‘Agentschap voor
Natuur en Bos, ANB’ within the Department LeefmiljedNatuur en Energie of the Flemish
Administration. The matter is attached to the FEnMinistry of the Environment, Nature
and Culture. Already in 1990, the forest code (113J1990) stressed the economic, social,
environmental, ecological and scientific role afefsts.

The policies aimed at reducing the greenhouse masm®ns (GHGE) are elaborated at
various power levels, depending on the sharingofetences between the Federal State and
the Regions (Flanders, Wallonia, Brussels). In ¢bistext, the Belgian National Climate
Commission (NCC) has been created to harmonizpdhees across the various power
levels of the country, and to create synergies betwthem.
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1. Impacts

1.1.0bserved impacts

1.1.1. Observed climatic evolution

A substantial increase in air temperature was dembm Belgium in the 2'?)century. The 30-
year moving average of air temperature recorddtuissels presented two abrupt increases
of about 0.5-1°C: the first during the first hafftbe 20" century and the second from the
1980’s onwards (NCC, 2006). The average annualeeatyre for the period 2000-2004
(11.0°C) was 12% larger than for the period 196201®.8°C) (NCC, 2006). The frequency
of extreme temperatures also increasagl ,the 11 warmest years between 1833 and 2004 all
occurred since 1989 (NCC, 2006).

Observed changes for the other meteorological blesavere minor. The annual average
precipitation for the period 2000-2004 (812 mm) dad differ remarkably from that of the
period 1961-1990 (780 mm; NCC, 2006), whereas thesof sunshine per year for the
period 2000-2004 and the period 1961-1990 were sienyfar (about 1555-1570 h; NCC,
2006).

1.1.2. Impacts on ecosystem dynamics and functioning

1.1.2.1. Vegetation phenology
According to monitoring data from Northern Belgiutere are indications that the growing
season is starting earlier. As a result of warrpengs, for instance, the detection of birch
pollen in the atmosphere shifted by 23 days edrioen 1982 to 2000 in Brussels (Emberlin
et al., 2002). Leaf phenology of beech and pedunculaktefollowed in details since 2002
in two plots in Northern Belgium; although a retetship between budburst and temperature
emerged for oak, the series is too short to deestrong conclusion about climate change
effects on this dynamics (De Brughal., 2007).

1.1.2.2. Forest vitality and growth
At present, information about the effects of glotiange on tree growth trends in Belgium is
still lacking. Increment data from the regionaldstinventories (Wallonia, Flanders) are
being available for a subsample of the plots, whvdhallow to make some data analysis in a
near future.
The forest vitality in Belgium is monitored sinc@8l (Flanders) and 1989 (Wallonia) as the
proportion of trees presenting defoliation lardeart 25%, according to the UNECE ICP
Forests guidelines.
In Northern Belgium, 72 plots are currently mongw(Sioeret al., 2009). The proportion of
damaged trees was relatively low till 1993 (8-17p&@aked in 1995 (33%), was stable from
1997 till 2006 (19-21%) except a smaller peak iB@R@®5%), and further decreased in 2007-
2008 (14-17%) (Sioed al., 2009).
In Southern Belgium, the 2008 survey concerned 1% on 49 plots, on the regional
8x8 km systematic grid. At the beginning of theaties, the proportion of damaged
coniferous trees was about twice as high as thiteobroadleaved; in 2005, it decreased
down toca 15%. The proportion of damaged broadleaved tregeased from about 10% in
the 90" up to 20% in 2005. This increase was magniylained by the status of beech trees
(40% of observed broadleaved trees) which weredifected by attacks of xylophagan bark
beetles following a climatic stress in the wint@& (see below), and then impacted by a
drought episode in 2003 and a massive fructificatno2004 (Laurent and Lecomte, 2007).
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Forest vitality is greatly affected by environmérmanditions. The poor soil conditions of
Belgian forests, due to the intrinsic soil povditgmbertet al., 1990) as well as to the severe
soil acidification that occurred in the last hadhtury (De Schrijveet al., 2006), have an
overall negative effect on tree vitality. Variabyliof tree vitality is also largely due to
disturbances/extreme events (drought, pests...)wsdér balance and inappropriate
silvicultural practices. They will be discusseddvel

1.1.2.3. Water cycle
Different aspects of the water balance have beasstigated for Belgian forests in various
studies (e.g. Missod al., 2002; Meiresonnet al., 2003; Verstraeted al. 2005; Vinckeet
al., 2005a; Vincke and Delvaux, 2005; Vinaiteal ., 2005b; Nadezhdingt al. 2007; Vincke
and Thiry, 2008). Verstraetahal. (2005) reported seasonal and annual values of
evapotranspiration (ET), rainfall, transpiratior),(3oil evaporation (E) and canopy
interception evaporation (INT) for 14 stands in tiern Belgium between 1971-2000
(modeled data) and 2000-2001 (experimental datey Tound an average ratio of actusl
potential ET of 78-99%, T of 315 mm'yE of 47 mm ¥ and INT of 126 mmy, with larger
water use for poplar than for pine stands. In SentiBelgium, the role of soil water
constraints in the decline of pedunculate oak le& highlighted, but no direct link with
climate change could be ascertained. Despite mravggiigations, analyses about the effect of
climate change on water balance in Belgian foressgstems are still lacking.

1.1.2.4. Carbon cycle
Belgian forests present different C balances. Betwi997 and 2001, a typical mixed beech —
Douglas fir stand was a C sink (390-790 g €yit) and was mostly affected by radiation and
air humidity (Aubinetet al., 2002). For the same period, a typical Scots pipedunculate
oak stand was largely a C source (average of 131 y*) and most affected by
temperature and management (Carehed., 2003). However, there is evidence that C stocks
in forest biomass and forest soil are increasinfénlast decades. In Belgium, forest biomass
increased from 8400 to 10100 g C iimetween 1990-2000 (Vande Walle, 2007), whereas soi
organic matter increased from 6400 to 9100 g thetween 1960-2000 (Lettessal .,
2005).
Despite information about C balance and the ridhs#ds collected about the different
component of the forest C cycle (Aubireetl., 2002; Janssemsal., 2002; Carrarat al.,
2003; Curiel Yustet al., 2005a; Curiel Yustet al., 2005b; Sampsost al., 2006, Vande
Walle, 2007), no clear relationships between C dynsa and climate change can be drawn
because C cycle assessment started recently (a}eafd lacked regularity. Datasets about
long-term differences in forest C stocks exist.(eajl C stocks variation between 1960 till
2000; Lettenst al., 2005). However, effect of forest aging (manye&is were planted after
World War 1l) and management practices (Lettetred., 2005) hinder the elucidation of
climate change impacts on C sequestration dynamics.

1.1.2.5. Nitrogen cycle
At the global scale, N is the nutrient which comiydimits tree growth due to climate-
induced limitations on N mineralization. In Belgiuthe relationships between the variability
of the N cycle and climate change are difficulidentify because of the overwhelming effect
of air pollution (Weissest al., 1990). For example, atmospheric N depositioNanthern
Belgium increased from 1950 onwards reaching vadmesng the highest in Europe (35-45
kg N ha' y*; Neiryncket al., 2004) and substantially started to decline afigr 2000
(Neiryncket al., 2008). The situation appears somewhat differektallonia, where total N
deposition on forest ecosystensa 4 kg h& y*) appears to be stable since the 90’ (Blin and
Brahy, 2007). Overall, many Belgian forests arepaged to be N saturated.
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A long-term monitoring (1992-2007) on a represaewgapine forest revealed that the
atmospheric input far exceeds the N requiremetiteforest and that large N losses occur
through nitrate leaching and N®missions (Neirynckt al., 2008). Nevertheless, the forest is
not at steady state and still accumulates about &0#e total N deposition, especially in the
forest floor. Recent trends in emission reductesutted in reduced nitrate leaching from
forest soils, but did not change N{@sses or biomass N content (Neiryrtlal., 2008).

1.1.2.6. Biodiversity
Most of the changes in forest biodiversity thatuweed in the last decades in Northern
Belgium were induced by deposition of sulphur artitbgenous compounds. In fact,
understory plant species typical of acid soils anttient-rich habitats increased, whereas
neutrophilous/basidophilous species and species fra@or-nutrients habitats declined
(Lameireet al., 2000; Van der Vekedt al., 2004; Hermyet al., 2008). Changes of hydrology
are also of importance, as losses of wet habittiep have been associated with a lowering
of the water table (Lameiet al., 2000; Hermyet al., 2008). Biodiversity in forest birds
increased, whereas that of mammals was stable (Riema al., 2005; Hermyet al. 2008).
However, changes in birds and mammals populatiemerstly due to management practices
and habitat changes, rather than climate changmualh exceptions do exist ag. the
reduction in the pied flycatcher (Dumortigtral., 2005; Hermy, 2008).

1.1.3. Disturbances and extreme events

There were several disturbances and extreme eweBtdgium, in particular in the Southern
part, during the last thirty years: severe droughts976 and 2003 (coupled with a heat
wave), windstorms in 1990, pest attacks on beethda® 1999 and 200 ypodendron

sp.). But so far no direct link with climate changas proven, even though some global
climate change projections predict an increasherfriequency and intensity of climate
hazards (Bréda and Badeau, 2008).

1.1.3.1. Drought
Drought was found to have some significant effectsree vitality and growthe(@. enhanced
leaf and fine root mortality) and C cycled. reduced soil respiration) of Belgian forests, but
such effects did not substantially affected fooBgtamics, except in some specific decline
and dieback, such as that of oak. In most caseftact of drought can not be easily
isolated, especially for stands that were weakdyesllviculture and/or unfavourable site
conditions. Yet, when drought intensity and dumatienders this stress critical (extreme
events), direct and after-effects during the recppbase are commonly observed.
Measurements from the hot and dry summer 2003 ipeeid at an extensively investigated
pine-oak mixed forest (Janssesisl., 2002; Carrarat al., 2003; Curiel Yustet al., 2005a;
Curiel Yusteet al., 2005b; Kondpkat al., 2005; Sampsoe al., 2006) can be used as case
study. In 2003, annual temperature (11.7°C) andipitation (686 mm) at the site were well
above and below, respectively, than the long-teams (9.8 °C and 750 mm). Similarly, the
temperature of July-August 2003 was about 10-208ldri than summer temperature for
previous years, whereas precipitation was abolB®5-lower. In 2003, periods with soil
water content (SWC) below the water holding cayaeire observed from mid June till early
October. A particularly severe water stress wasrdsd between late July and late August,
with SWC occasionally close to the wilting poindamlative extractable water often below
0.2. Such drought event was the most relevant doguin the last decade. In fact, the site
conditions {.e. precipitation well distributed along the year aaahdy soil with a clay layer at
1.5-2 m depth) normally secure moist condition$wiees rarely suffering of water
limitation. The important drought of 2003 did n@tve a large effect on wood growth in that
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case. The width of the 2003 ring was slightly lowen the width of the 2002 ring for both
pine and oak (5-15%), but very similar to the agerannual width for the last 10 years (3-4%
difference, Vansteenkiste unpublished). The absehlzge effect of drought on growth was
confirmed by preliminary simulations of photosyrdisewhich showed for both pine and oak
no reduction in gross primary production betwee®38nd the previous wetter years 2001
and 2002. On the other hand, drought affected titgrtd leaves and fine roots: in the period
between late July and late August reduction in &k observed for both species (about 10-
20%), whereas fine root mortality far exceeded fioa& production (Konbpket al., 2005).
Although significant, such effects were howeveatigkly small with no major effect at the
stand level, confirmed by the growth and assinafagstimations reported above.

Similarly, the forest vitality assessment perfornaedually at the regional level in the
framework of the plot level | assessment revediatl during the dry summer of 2003 none of
the most common species presented abnormal lewedetiefoliation (Sioen and Roskams,
2004). Finally, simulations for oak revealed theg € balance in 2003 did not change
substantially compared to the previous wetter ybactsause the amount of C taken up did not
change (see above) and because an increase irophtotrespiration was counterbalanced by
a reduction in heterotrophic respiration (Curielstaet al., 2005b; Konépkat al. 2005). No
evident post-drought effects were observed in thsequent years, both at stand and regional
levels. The recorded increase in defoliation in2 beech is supposed to be dependent on
the mast reproduction (2004 was a mast-year fact)aather than resulting from drought
damage (Sioest al., 2009).

In Southern Belgium, transpiration was analyzegdure and mixed stands of odRugrcus
petraea LIEBL.) and beechRagus sylvatica L.) at the tree and stand levels in 2003 (Joeard
al., submitted). Mean annual rainfall is about 1044 mith 411 mm falling between May

and September and mean annual temperature is aB3GndHowever, in 2003, rainfall was
836 mm and mean annual temperature was 9.8 °CpUileebeech stand experienced some
drought stress with relative extractable water meegr0.2, inducing some stomatal regulation.
Besides those direct effects, no persistent aftects have been observed so far.

The Vielsalm site of the Carboeurope network (whsch mixed stand of beech, Douglas fir,
Abies and spruce), was submitted to a moderategtitaontensity in 2003, that did not reduce
stomatal conductance to a large extent. At Vielsaater stress lasted for only 1-2 months.
The effect on the total ecosystem respiration (T#R)ation was not significant, as for the
effect on gross primary production (GPP) varia{iGnanieret al., 2007). The water use
efficiency (average GPP versus evapotranspirati@s)reduced from 6 to 4 gCkg,0
(Reichsteiret al., 2007). In some sites of Southern Belgium, postight effects were
observed in the crown conditions of the subseqyeats. In the European beech and Norway
spruce plots of forest monitoring (level 1) locat@ the Ardennes, a marked increase in
defoliation was observed after 2003 (on averaggBfyear). European beech trees were
already recovering a better crown condition in 2@®fle Norway spruce trees were still
deteriorating in 2008.

1.1.3.2. Pests
A rich dataset about the impact of pests on tresdityi has been recorded in Northern
Belgium since 1995, in the framework of the ICPdsts plot level | assessment
(www.inbo.be); a similar pest observation netwoik soon be set up in Wallonia. There are
some indications that (i) the numbers of tree &#ddy insects species thriving at warmer
temperaturegg the oak processionary caterpillar and the oaknsigler beetle) increased
since the beginning of the inventory (Dumorgeal., 2005) and that (ii) pests are less active
during dry summer (Sioen and Roskams, 2004). Furtbee, studies on beech forests in
Southern Belgium revealed that pests booming cdavmired by early and severe frost
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events of particularly harsh winter (Herdimal., 2003). Indeed, the most probable cause of the
beech decline observed in 1999-2000, that conceabedt 19% of the beech standing

volume, was the mild winter of 1998 followed byddtosts which favoured attacks of
xylophagan bark beetle$r{ypodendron sp.; Nageleisen and Huart, 2005). A master thesis
currently studying the impact of a period of droufgiiowed by early frost on the

susceptibility of beech to be attacked by barklesdS. La Spina, Université Libre de
Bruxelles - ULB). However, detailed analyses of thlationship between pest damage and
climate change are still lacking.

1.1.3.3.  Windstorms
The windstorms in 1990 concerned about 11 millidrinmallonia, mainly in spruce stands,
followed by 500.000 m3 lost due to attackslpytypographusin 1991-92. So far however, no
direct link with climate change could be establihe

1.2.Expected impacts

1.2.1. Expected Climatic evolution

Most of the projections of climate change impacBefgian forests in the 2century have
been performed using the climate scenario describBassest al., (2001), Vande Walle and
Lemeur, (2001), Missod al., (2002) and Van Cleempetal., (2006). Site-specific
meteorological datasets were constructed at ahwalfly basis for the Zicentury from (i) 2-

4 years of measured meteorological variables andufiputs of the general circulation model
CGCM1 (McFarlane atl., 1992; Flato e&l., 2000). The atmospheric G@oncentration was
assumed to increase exponentially between 355 pdr@90 and 700 ppm in 2100, following
the 1S92a (“business as usual”) IPCC scenario. Aling to CGCM1, temperature appears to
be the only climatic variable that will be substally modified in the course of the 21
century in Belgium, with a predicted temperaturg@ase of about 3°C (Van Cleemptl .,
2006). However other projections foreseen thateviptecipitations should be increasing by
6 to 23% by the end of this century and summeripitations could decrease by 50% in
some regions (van Ypersele and Marbaix, 2004)tigwing the SRES A1B scenario for
climate change, that summer precipitations in SatBelgium would decrease by 15% in
average (calculations based upon climatic data fmow.meteo.be). All these projections
must be interpreted with caution, being highly stcemdependent as well as affected by the
inherent uncertainties resulting from modelling thenate at the regional rather than at the
global scale.

1.2.2. Impacts on ecosystem dynamics and functioning

1.2.2.1. Phenology
Manipulative experiments revealed that the phenptdgoniferous species might be
significantly modified with an increase in air @E@ncentration. Saplings of Scots pine
growing in Northern Belgium at elevated €€dncentration showed in comparison with
ambient saplings an increased growth in early seasd decreased growth later on. This was
evident both for leaves, with hastened budbur& @@ys) and earlier needle fall, and for
stemwood, with relatively higher growth rate inisgrand lower in the summer (Jach and
Ceulemans, 1999).

1.2.2.2. Biodiversity
No specific info for Belgium till now.
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1.2.2.3. Forest vitality and growth
Future projections of C assimilation and biomasslpction have been performed in Belgium
for pine and beech forests (Rassal., 2001; Vande Walle and Lemeur, 2001; Van Cleemput
etal., 2006). In the ZLcentury the gross primary production (GPP) is joted to
substantially increase (about 40%), mostly becafisige increase in atmospheric €O
concentration. As a consequence of the increasachiéetion, net biomass production (NPP)
is also expected to increase. However, its incrémenld be less pronounced (15-30%)
because of the increased respiration due to highgperature and larger standing biomass.
Such modeling results are supported by experin@nisne saplings subjected to elevated
CO, concentration. Despite the larger belowgroundiraBpn and changes in C allocation
pattern, saplings subjected to three years of iB&tment in Belgium showed in fact a strong
increase in biomass (Janssenal., 1998; Jach and Ceulemans, 2000).
Management appears to have significant effect ogstayrowth. Simulations performed for a
Scots pine stand assumed to be planted in 200Meadiintensively in the juvenile phase and
at about 50 years (Rasteal., 2001) revealed that GPP will be substantialigea (30%)
than for a similar stand growing in the"2€entury conditions; however, the difference in
NPP will be substantially larger up to the thinnatd0 years but less marked afterwards
because of the changes in photosynthetic capauityespiration (Rasst al., 2001).
As far as forest vitality (or decline) is concerngds highly probable that some persistent
after-effects of hot and/or dry summers generateesdamages to forest ecosystems, in
particular those with less resistant species aritiise which suffered from insect damages as
well (defoliation is known to induce significantatease in growth during the subsequent
years). Pedunculate oak, European beech and Napvage are among the species most
concerned in Belgium (see 1.1.3.1).

1.2.2.4. Carbon cycle
As a result of increased NPP (see above), modalsrghty predict for Belgian forest an
increase in C accumulation (10-25%) in thé& 2éntury (Vande Walle and Lemeur, 2001).
However, some exceptions do exist with slightlyjgcted increases in C release (4%; Van
Cleemputet al., 2006). Differences in model simulations arelijkdue to differences in the
simulation of soil respiration which is an impottg@nocess in the forest C balance but
difficult to model accurately (Verbeeekal., 2006).
Coniferous forests growing under the"2Entury climatic conditions are expected to
accumulate more C than at the current climatic tmms if thinned in the juvenile phase (<
20 years). On the other hand, C accumulation istanbially reduced for those forests that are
thinned at mature age (50 years; Rasst. 2001).

1.2.2.5. Water cycle
Missonet al. (2002) predicted that the combined effect oféase in air temperature and
atmospheric C@concentration over the next century would not lteaumajor changes in the
transpiration of two typical deciduous forests outhern Belgium (common beech and
pedunculate oak) with no change in water stresss. iSlbecause the increased transpiration
rate due to increasing evaporative demand willdmapensated for by reductions in stomatal
conductance due to increasing £@ncentration and temperature. Similarly, in @&n¢c
study, Gieleret al. (unpublished) have predicted no increase in droggess for a pine stand
in Northern Belgium by the end of the next cent@#ll, aside from gradual climate change,
the effect of extreme events such as heat wavedrauoght could affect forest ecosystems
(see below).
Leaf area index and soil extractable water, bo#tigs and site specific variables, have a
strong impact on forest eco-hydrology. As foreshagement is urged to adopt new
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management techniques in order to mitigate the atspat climate change on forests, leaf
area indices might be quite different than the @abnes, which could in turn have a strong
impact on water partitioning.

1.2.2.6. Nitrogen cycle
Simulations performed for a Belgian beech foreshirelatively moderate atmospheric N
input (28 kg N ha y™*; in Belgium atmospheric N deposition are up toubts kg N hd y* -
see 1.1.2.5) showed for the®2entury a slight reduction in NPP (3%) and C aadaiion
(6%) in case of a 25% reduction in N deposition anmte pronounced reductions (13% in
NPP and 24% in C accumulation) in case of 50% rgaluan N deposition (Vande Walle and
Lemeur, 2001). Therefore, growth and C sequestrgtatential of Belgian forests with low-
moderate N deposition might be reduced becauseshiokage in case atmospheric N
depositions will be substantially reduced in future

1.2.3. Disturbances and extreme events

1.2.3.1. Drought
As mentioned above, drought stress is not expeotattrease in Belgian forests which will
likely continue to experience only low water shgegan summer. It should be noted that in
the scenarios used in the existing simulation stuthe variability and frequency of extreme
events were not considered (Missial., 2002). A substantial increase in extreme drought
events might change the current forest dynamicdramrdase their vulnerability to water
shortage.
A research promoted by Prof. J-C. Grégoire (ULB)ugrently studying the impact of a
period of drought followed by early frost on thesseptibility of beech to be attacked by bark
beetles. The drought experiment (coordinated by. &to. De Canniére, ULB, and Prof. C.
Vincke, Université catholique de Louvain - UCL)nsprogress. No results are available yet.

1.2.3.2. Insect
There is no specific information for Belgium tilbw. Battistiet al. (2005), report a recent
latitudinal and altitudinal expansion of the pinmegessionary motihaumetopoea
pityocampa, whose larvae build silk nests and feed on pitiadge in the winter. In north-
central France (Paris Basin), its range boundasyshdted by 87 km northwards between
1972 and 2004. Given that the present distributicine oligophagous. pityocampa is not
constrained by the distribution of its actual otguaial hosts, and that warmer winters will
cause the number of hours of feeding to increaderanprobability of the lower lethal
temperature to decrease, these authors expecetitedf improved survival in previously
prohibitive environments to continue, causing fartkatitudinal and altitudinal expansion in
other regions. One of the expected consequengasytdphagous insect attacks is massive
defoliation, which among others, results in an irdrate reduction in latewood, a significant
decrease in radial growth in the subsequent yeeaentually mortality. This kind of stress
can increase the susceptibility of forest standsrémight disturbance (Bréda and Badeau,
2008).

1.3.Impact monitoring

1.3.1. Usual monitoring system/network

No special monitoring networks have been estahldisbenonitor the impact of climate
change on forests in Belgium. On the other haeads in ecosystem dynamics and
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functioning or disturbances might be derived fréva tlatasets collected in the framework of
the ICP Forests plot level | and level 1l assessmen

In Northern Belgium, Plot level | assessment sthnel987. The grid is denser than the
European guidelines (16 x 16 km): it was 8 x 8 latween 1987 and 1994 and 4 x 4 km
from 1995 onwards, for a total of 72 plots. Crovamditions are followed as well as the
causes of damage (discoloration, insect, fungitimgscrown mortality, outflow of resin or
slime, exploitation) (Verstraetet al., 2007). Plot level 1l assessment is running imthiern
Belgium since 1989 in 11 plots. Foliar nutrientssaincrement, meteorological condition,
ground vegetation, deposition of air pollution,| smid soil solution chemistry are measured in
5 plots (two coniferous stands and three broadtkatends), whereas concentration of air
pollutants is measured in one coniferous standstvasteret al., 2007). In addition, the
phenology of beech and pedunculate oak is follometktail since 2002 in two plots.
Flowering, leaf development, leaf coloring and lizdif are followed weekly for the same
trees and forest plots each year (Verstraeteh, 2007). Leaf phenology represents one (but
still in test phase) of the two main indicatorstthige used to study the impact of climate
change on forests in Northern Belgium. The othdicator is the start date for record of birch
pollen in air (data available from 1974; see 111).2De Bruynet al., 2007).

In Southern Belgium, crown condition is observed®level | plots since 1989 (grid: 8 x 8
km). Plot level Il assessment is running in SoutHgelgium since 1995 in 8 plots. Crown
condition, foliar nutrient status, litterfall, iremment, ground vegetation, soil chemical
properties are monitored in all plots, whereas dijom of air pollution and meteorological
conditions are measured in four plots and soiltemluchemistry in two plots.

In both regions, forest inventories are being edrout on a 1000m * 500m grid (Rondeaiix

al., 1996; Waterinckx and Roelandt, 2001). In additotree and stand attributes, ecological
variables related to soil and plant communitiesadge available for parts of the plots. The
whole inventory cycle extends over a 10 year-petiidt is one tenth of the total sample is
inventoried each year; this allows, among othergs$j calculation of tree increment and stand
productivity. In Wallonia, a study is currently gad out to determine the best way data or
plots from both level | and forest inventory netk®rcould be combined to increase the
monitoring efficiency, and resulting interpretation

The CarboEurope-IP network (Brasschaat and Vielsé#ies) has been providing data for the
last 10 years. Those data are very useful infoonais they consist in GOwater vapour and
energy fluxes monitoring, coupled with biologicaldgphysiological information upon the
concerned forests.

1.3.2. Specific monitoring system/network

There is presently no specific monitoring systemickted to climate change. In a near future,
however, a Forest Health Monitoring will be launde Southern Belgium, in order to
monitor biotic and abiotic disturbances/extremengv@ccurrence.

1.4.lmpact management

In the governmental Statement of July 2009, the Regional government (Wallonia)
committed itself to give the forest administratibie responsibility of monitoring forest
health, as well as of developing strategies totfagiainst crises resulting from large scale
diseases or windthrow

(http://gov.wallonie.be/IMG/pdf/projet_de_declaratiale politique_regionale_wallonne.pdf
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2. Adaptation

Following a demand from the Walloon Ministry of Bialworks, Agriculture, Rural affairs,
Nature, Forests and Patrimony, a group of expeatsaonstituted in July 2007 with the aim

to make a state of the art about the impacts ofatk change on forests, as well as to propose
relevant measures related to both adaptation atigation. This resulted in a report entitled
‘Climate change and its impacts on the WalloondtseRecommendations to decision-
makers, and to forest owners and managers’, datadady 2009 (Laurent and Perrin, 2009).

In the governmental Statement of July 2009, the Regional government (Wallonia)
committed itself to execute the recommendatiorkisfreport
(http://gov.wallonie.be/IMG/pdf/projet_de_declaratiale_politique_regionale_wallonne.pdThe
content of this section mostly originates from éiftvementioned document.

2.1 Vulnerability of forests and forestry

It is quite difficult to assess the vulnerabiliti/mth forests and forestry because the impacts
of climate change are affected by uncertaintieg (B.defining the effective trends and
extremes of climate change and the interactionsdeat positive and negative feedbacks),
because of the difficulties to assess the stalfildgistance and resilience) of forest
ecosystems and to evaluate the effectiveness cgeament practices. Climate change
represents both a threat and an opportunity foséator. In Wallonia, a preliminary ranking
of some major commercial tree specieagus sylvatica L., Quercus petraea Liebl., Quercus
robur L., Picea abies Karst.,Pseudotsuga menziesii Franco Pinus sylvestris L. / Pinus nigra
Arn.) according to their sensitivity to selecteth@te change- induced conditions (heat wave,
air dryness, windstorm, pests, soil water regirha}, been proposed. The overall results
suggest a high and very high sensitivityrafjus sylvatica (ca 14% of the forested area in
Wallonia) andPicea abies (ca 36% of the forested area in Wallonia), respecyivélhereas
some expected changed increase in mean air temperature, in,€@ncentrations and in

the length of vegetation period) would result imirasting effects on productivity and

vitality, depending on the site, most would negatnimpact the forests. On the opportunity
side, climate change leads to a renewed interdstéists and wood products because of their
potential role in mitigating the effects. Much bfg mitigation, however, will depend on how
and to what extent forest ecosystems will be ingzhbty climate change (see 1.1 and 1.2).

2.2.General adaptation strategy or policy

As explained in details in Section 3.1, 11 strategies have been defined in the frame of the
National Climate Plan (NCP, 2008) to fight climateange and fulfil the requirement of the
Kyoto Protocol.

Among these, one (axis 5) is specifically diredmdards forests, as it contains measures
aimed at increasing or maintaining the carbon siifictiveness of forest ecosystems, as well
as at adapting them to climate change; three othidirsave indirect effects on forests. All
these are further discussed in section 3.1.
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2.3.Forest adaptation measures

Given the limited size of the region, as well as tlumerous uncertainties associated with
climate change effects, most adaptation measistesi Ibelow are however neither species,
stand, nor site specific. As research progreskissisthowever likely to change.

Four main recommendations have been proposed abtinee mentioned working group
(Laurent and Perrin, 2009): (1) to maintain andrnowp the adaptability of ecosystems to
climate change; (2) to reduce any foreseeable asksth tree and ecosystem levels, and (3)
to forecast the risks and manage the crises.

(1) To improve adaptability, it is proposed to ease species biodiversity at all levels, as
well as diversity of habitats and structures atotes scales. This will be achieved by: (i)
using a wider range of tree species and provenaimcparticular those supposed to be more
robust to climate change, either indigenous oriext pure and mixed species stands; (ii)
implementing more complex structures, including @lowth stages; taking special
consideration to the management of edges, andigiilg natural regeneration whenever
feasible and appropriate.

(2) With regards the reduction of additional strasthe tree level, the following measures are
advocated: (i) to ensure species suitability fershie conditions; (ii) to adapt the silvicultural
systems and the treatments to the target spetieg) (maintain or improve the physical soil
properties through efficient harvesting methods); @ limit the browsing and game pressure.
At the ecosystem level, the stability will be impead by optimizing the use efficiency of
resources (nutrient, water). For water, it willlexessary to reduce water consumption
through the selection of appropriate tree speagieslaough density management, as well as
to promote soil and water table recharge. For entsi special attention will be given to the
functioning of nutrient cycles while controlling thoexternal inputs as well as nutrient export
through harvesting.

Another suggestion is to decrease rotation lerggtieduce the risk of exposure, while
decreasing the costs. Finally, identification afeptible stands, like those located in
unsuitable sites, as well as their transformatia more resilient structures, will be given
special consideration.

(3) As concerns risk management, it will be neagstaincrease our present understanding
of processes acting on both sites and communéretsto develop appropriate predictive
tools. In order to improve predictability at vargospatial and temporal scales, efforts will be
made to adapt or develop functional-based modespetial effort will be given to the
following: (i) biogeochemistry (nutrients, carbamater) and energy fluxes; (ii) growth and
sensitivity of trees and stands to various strastfs, acting either alone or in combination;
(iii) site characterization and functioning.

The integrated monitoring of forests (health, pesitgotic factors, ...) will be reinforced to
increase early detection of change, identify treantl$ patterns, and contribute to increased
understanding.

Information to forest owners and managers willaprioved, as their present choices are
expected to have long-term impacts.

Finally, crisis plans will be established to fabe expected increase in disturbance frequency
associated with pests and/or windthrow.
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The ‘translation’ of these recommendations intacgmemanagement measures depends on
the corresponding specific zone of the ecologiealvork (Branquart and Liégeois, 2005),
which may be either multifunctional management spbediversity development zones, or
central conservation zones.

2.4.Research studies on forest adaptation

At the Federal state level, the programme ‘Scidaca Sustainable Development’

(Section 3) gives funding opportunities to suppesearch on forest adaptation. For instance,
a project entitled ‘FORBIO — Effects of tree spsaiéversity on forest ecosystem

functioning’ (http://www.belspo.be/belspo/ssd/scietprojects/FORBIO_EN.pdf) is currently
running. In both regions, several research prograsnaeal with forest adaptation.

In Wallonia, the regional working group identifidckey issues for research regarding climate
change: biogeochemistry and heat fluxes; growthsamgitivity of trees and stands to
constraints; improvement of risk assessment; miogdeibols for ecosystem functioning.
These will be partly addressed in the new 5-yedstaoresearch programme called ‘Accord-
cadre de recherche et de vulgarisation forestiéoeshe period 2009-2014.
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3. Mitigation

3.1.Processes, instruments and strategies

In Belgium, the policies aimed at reducing the gherise gas emissions (GHGE) are
elaborated at various power levels, depending ersitlaring of competences between the
Federal State and the Regions (Flanders, Wall@nigssels). Each power level determines its
priorities concerning climatic and environmentaligies. In this context, the Belgian

National Climate Commission (NCC) has been creaidghrmonize the policies across the
various power levels of the country, and to cregteergies between them. In November
2002, the Federal State and the three Regionsafduintry have concluded an Agreement
concerning the elaboration, the fulfilment, andfibllow up of a National Climate Plan. This
Plan synthesizes the whole set of measures thatdieeady been elaborated at the various
power levels, so as to comply with the obligatiohthe Kyoto Protocol.

The following four main objectives have been setruiine National Climate Plan (NCP,
2008): (i) to define the major strategic axes stodslfil the obligations of the Kyoto

Protocol; (ii) to establish a coordinated monitgreystem for the various policies and
measures, based on both modelling and indicatdlection; (iii) to elaborate a national
strategy to adapt to climate change and (iv) tpare a long-term strategy to fight against
climate change.

Briefly, the following six strategic axes have befsfined: (1) to optimize energy production;
(2) to make a rational use of energy within thddings; (3) to act on industrial processes; (4)
to develop sustainable forms of transport; (5)rnmote sustainable management of
agricultural and forest ecosystems; (6) to incredi®ts in waste management. Five
additional strategic axes have been establishe$ssectors: (7) to increase support to
research related to climate change; (8) to heightgatic awareness on the problem of climate
change and how to fight against it; (9) to increthgeinvolvement of public authorities in
further reducing GHGE; (10) to carry out flexibleamanisms; (11) to introduce a climate
component in all policies dedicated to development.

Strategic axis (5) contains measures aimed atasgrg or maintaining the carbon sink
effectiveness of forest ecosystems, as well adaitang them to climate change.

Under Cluster AG-C ‘Maintaining the carbon sequasgin potential of forests’, two
objectives are further defined: (i) to limit defetation and promote afforestation and (ii) to
ensure ecologic stability of forests.

(i) Through its forest policy, the Flemish regiarends to increase its permanent forested
area, as well as to increase non-permanent affdi@stn agricultural zones. In Wallonia,
forest area is protected through various legistatid he Walloon law for land management,
town planning, heritage, and energy (Code WallotiAteénagement du Territoire, de
I'Urbanisme, du Patrimoine et de 'Energie — CWATE)Prohibits, among others, any
permanent land use change within forested areassidue revision of the land management
plan. The new forest code (15 July 2008) introdueséries of constraints in order to protect
biodiversity and wood stocking in both public arrd/ate forests.

(i) The ecologic stability of forests is improvétrough certification schemes (FSC in
Flanders and Brussels, PEFC in Wallonia), as veetheough the inclusion of an important
part of the forest area in the Natura2000 netwexk ¢a 30% of the forest area in Wallonia is
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under Natura2000 status). In Flanders and Brussletsjt 10000 ha are FSC-certified,
whereas in Walloniaa 50% of the forest area (281052 ha) was PEFC-mettii August
2009.

Under Cluster AG-D ‘Biomass production for energyplan entitled ‘Wood-Energy’ intends
to develop the use of wood as energy by towns @cael communities in Wallonia, with or
without heat network.

Three others will have indirect effects on forests.

Under axis 1 (‘Optimizing energy production’), CleseP-A ‘Promotion of a more
environmentally friendly energy production’ contaia series of measures leading to an
increase in biomass use as an energy source, aincotlld thus have an effect on fuelwood
fluxes (see Section 3 for more details).

Under axis 2 (‘Making a rational use of energy witthe buildings’), several measures of the
Cluster EC-B ‘Measures in the residential sectotlld affect forestry through urbanistic
prescriptions affecting wood construction (EC-B@f)ality control of biofuels (certification)
for use in boilers and stoves (EC-B02), as weprasnotion of biomass boilers (EC-B01).
Finally, axis 7 (‘Increasing support to researdhatesl to climate change’) could also have
indirect effects on forests. It is implemented eliéntly, depending on the power level. At the
Federal level, the research programme ‘Scienca fuistainable Development’ (2005-2009)
- SSD consists of 8 priority research areas (endrggsport and mobility, agriculture and
food, health and environment, climate, biodiversatynosphere and terrestrial and marine
ecosystems and transversal research); severaof éine directly or indirectly related to
climate. At present, 71 research networks are tiadn

The Flemish government gives high priority to reskan the field of energy. In Wallonia,
special support is given to the development of teslinologies to optimize energy use; some
of these research are part of the so-called WallMashall plan.

As reported below, Belgian forests are estimatesktpiester about 1.1 M ton € gnd will
likely continue to accumulate C for the next cent{ytande Walle, 2007). An amount of C
equivalent to 15% of the actual C sequestratidonest ecosystems can be accounted for
under Article 3.4 of the Kyoto Protocol. For Belgiuthis is about 170 k ton C'yHowever,
each country has a cape(the maximum amount allowed) of C removal with\atgs under
Article 3.4. For Belgium, the cap is only 30 k 6ny* (0.1% of the 1990’ GHGE). Because
of the low potential of this measure, the high sdetverify and prove the C sequestration by
forests, as well at its sensitivity to disturbamopacts, the Belgian government decided
therefore to not use this possibility of C mitigati(see Vande Walle, 2007 for a review).
Where possible, the establishment of new multifienetl forests represents an economically
more attractive mitigation strategy than the esshbtent of bio-energy crops (Garcia-
Quijanoet al., 2005). The establishment of a new plantatiothéntropics has also higher
costs than for a domestic new multifunctional fo{€arcia-Quijancet al., 2005). Although
conservation of tropical forest is not a CDM praojender the Kyoto Protocol, it would be
economically attractive for Belgian institutionstéke into consideration this mitigation
option because its costs are competitive for valgninarket and, likely, future commitment
periods of the Kyoto Protocol (Garcia-Quijagtal., 2005).
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3.2.Carbon accounts

Within the scheme for GHGE trading within the Ewap Union established in agreement
with the Kyoto Protocol, Belgium has globally tocdease its emissions by 7.5% compared to
1990. The sharing between the three Regions afdbetry has been determined by the
Consultation Committee of 8March 2004; it amounted to -7.5%, -5.2%, and +3%7or
Wallonia, Flanders and Brussels, respectively.niaions of GHGE showed that a reduction
of 5% was reached in 2006 (www.unfccc.int). Toliertreduce the GHGE, the Belgian
government allocated between 2005 and 2009 adb&#? million euro for JI/CDM projects
for the period 2008-2012. In 2007, the contribusion the main sectors to Belgium GHGE
were as follows (NRI, 2008): energy industries (31#dustries (manufacturing -
combustion: 20%; processes: 10%), transport (288sidential (14%), agriculture (9%) and
commercial (4%).

Each Region is responsible for its own emissiomimery, using concomitant methodologies
in agreement with IPCC guidelines; these regiomamtories are then combined to make the
national GHGE inventory. In Flanders, the GHGE meey is carried out by the Department
Air, Environment and Communication of the FlemigtvEEonmental Agency (VMM); in
Wallonia, the inventory is compiled by the Wallo&dgency for Air and Climate (AWAC),
using mostly the IPCC methodology; the GHGE inventor the Brussels region is carried
out by the Institute for Environmental ManageméBGE-BIM), using the IPCC and
EMEP/CORINAIR methodologies. Recently, importarfoef have been made to harmonize
these methodologies across the regions.

As regards carbon accounting in forests, Belgiuoptetl the following definition of forests:
minimum tree crown cover of 20%; minimum land apé@.5ha; minimum height at maturity
of 5m. This is in full agreement with the officleAO definition used in the Forest Resource
Assessment (FRA). Belgium follows the methodologgdatibed in the Good Practice
Guidance for Land Use, Land-Use Change and For@S#y 2000) to establish the
LULUCEF inventory, and forest inventory in particula

The standing carbon stocks in living biomass weraputed from thea 13000 inventory
plots of the two regional (Flanders and Wallon@est inventories (as a result of its limited
contribution to the total forested area i.e. 0.8%jnventory in the Brussels region has been
performed so far). Briefly, the total solid woodwmes of each dominant species were first
converted into total dry mass by the infra-densjtthese were in turn converted to dry
biomass using expansion factors, and then to caghantities using species-specific carbon
concentrations. According to these calculations,ddwrbon stock in the biomass averaged
59.8 M ton C in 2000. The carbon in dead organittené defined as all standing dead trees
and fallen logs and branches (deadwood), as welhidmn in litter; the actual stocks were
estimated to be 1.38 Mt C and 13.73 Mt C, respelgtiFor both components, it was
assumed that the annual stock remained constarif POB8).

In 1990, the LULUCF sector in Belgium was a neksii1422.19 Gg Coy* (NIR, 2008).

The evolution of biomass carbon stock used twaekffit methodologies, depending on the
reference period: a linear interpolation for th®Q2000 period, and a mechanistic model for
the 2001-2004 period. In the period 1990-2000, BReldprests are estimated to have taken up
on average 2.8 ton Cha™* or 1.1 M ton C ¥ (Vande Walle, 2007). Such amount is about
3% of the GHGE in Belgium in 1990. After 2003, tiesults of the model indicated net
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annual carbon removals of 1.3-1.5 M ton €()RI, 2008). This methodology will be revised
in the next years.

For Wallonia, the net annual C storage in foresteunted taca 0.41 M ton C ¥ during the
period 2000-2005, whereas the standing organicoastock in 2005 was 101,5 M ton C
(living biomass: 51.5; deadwood+litter:11.0; 0-20 soil: 39.0) (Laitatt al., 2004).

3.3.Forestry as a source of bioenergy

3.3.1. Context and policies

Use of bioenergy is promoted at all power levelthefcountry, for transport as well as for
electricity and heat production. By 2010, the cdttion of renewable electricity to gross
electricity consumption has been targeted to 6% (St@pperet al., 2007). Following the EU
Directive 2009/28/E& the objective for 2020 is ambitious for Belgiumce the share of
energy from renewables in final consumption of ggeas targeted to 13%. It's therefore
essential to develop and improve certification esyst to insure sustainable production of
biomass (Marchaidt al., 2009).

Renewables in Wallonia represented 2770 GWh (psimerduction) and 10091 GWh in
1991 and 2007, respectively. For the year 2001 $idmass accounted for 65% of
renewables (the share of total biomass was 93%2007, the share of biomass was 4.0% and
8.2% in electricity and heat consumption, respetyiwvood and wood-derived products
represented by far the largest part of biomass fmdteat production (forest by-products +
fire wood = 74.6%) (Gooet al., 2007; ICEDD, 2008).

A large range of solid rough woody products areeptial candidates to be used for energy:
logs, chips, sawdust, pellets, grinded industria$t®, and barks. The potential sources of
biomass targeted for use in energy systems incfodests (tops and branches of trees left
after timber harvests, poor quality trees in maddgeests, trees removed during land
clearing operations); solid or liquid.¢. black liquor) wood residues from wood-processing
industries; waste from urban areas, including gactbn wood; wood from agricultural
lands (hedges and short rotation coppice), asasdilom gardens, parks and road sides
(Ponettest al., 2007). Because of market opportunities, a sefieschniques have been
developed to optimize the collection and furthansportation of residues from the forest. In
Wallonia, however, this tendency could be limitgddgislation guidelines that forbids the
exportation of residues in some zones (biodivedgtyelopment zones and central
conservation zones, see section 2) of the regionwakd forests, and recommends to limit
them elsewhere (Branquart and Liégeois, 2005).clgfh not excluded, the use of potential
sawn logs for energy will not be encouraged becaaseus policies promote the highest
possible valorisation level of wood. For examplegedes of measures have been set up to
increase the use of wood as a construction ma(st@iage as well as substitution effect).
Wood from short rotation coppice in agriculturatdawill probably be limited by the
development of non perennial energetic crops. @rother hand, wood collected from
hedges will mainly be used for self-consumptioncd&ese wood industries can use their by-
products within their own installations and areamaged to do so through green certificates,
only that part which cannot be used in-house cafufbleer sold either for other wood

2 Directive 2009/28/EC of the European Parliament @ithe Council of 23 April 2009, on the promotiofithe
use of energy from renewable sources and amenduhgubsequently repealing Directives 2001/77/EC and
2003/30/EC.
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processing industries or as fuelwood. Globally,dbetribution of the remaining wood
sources (wastes, and wood residues from garderks @ad road sides) to fuelwood will be
low, due to their limited amounts.

Several policies have been developed to promotadbef renewable energies such as
biomass, targeting specific groups of end-useyg@rivate individuals, (ii) towns and local
communities and (iii) industrial sector. (i) Subsglto private individuals mainly concern
heating, notably from fuelwood. Because these slidgsiare directed towards the use of more
efficient heating systems, its effect on overalbd@onsumption is probably low. Note,
however, that the effective individual fuelwood samption is very difficult to assess, as a
significant part escapes from market rules. (iig an entitled ‘Wood-Energy’ intends to
develop the use of wood as energy by towns and éocamunities in Wallonia, with or
without district heating system. (iii) At the indtial level (Marchakt al., 2006), two
mechanisms may influence the use of wood for eneigfyough not specific to wood: green
certificates together with co-generation (combihedt and power systems) for the
production of green electricity, and emission tmadi For green certificates, it is useful to
distinguish between three types of actors of thestrial sector: the traditional (non green)
electricity producers, the integrated industriesl the non integrated industries (Ponette

al., 2007). For the electricity producers, the greertificates alone don’t appear to be
sufficient to increase the demand in local fuelwobige combination with emission trading,
as well as the evolution of market conditions (fegtes, pellets) could however change this
situation. For the integrated industries using cegation, the green certificates leads to a
reduction of energy costs. As these actors already such products, this policy would have
no major effect on the supply of wood to other wodcessing industries in the short-term;
in the mid- to long-terms, the total number of aogration projects could however increase,
leading to a possible decrease in wood supply.datrmmases, the principle of a non-integrated
project is to use solid by-products from wood-pssieg industries in a cogeneration
installation so as to produce electricity and hedich will then be used for the production of
pellets. It appears that for these projects, goegtificates are essential.

As concern emission trading, each industry theg¢gsstered could be interested to lower its
emissions so as to sell their excess allowances.véry to do so would be to substitute its
actual energy source for biomass, including woddcklvis considered to be G@eutral.

In Wallonia, it is rather difficult to estimate wit additional part of the local wood resource —
if any — will be mobilized as a result of this iressed demand; this is particularly true for
products such as pellets whose transportation eosteelatively low compared to their
potential returns. Another major question concénesmpacts these policies could have on
those wood-processing industries such as fibrehgarticleboard and wood pulp industries,
which use the same input material.

3.3.2. Selected research results
In the last decades, extensive investigation orebergy has been carried out in Belgium
(Ceulemans and Deraedt, 1999; Laureystak, 2000; Laureysergt al., 2005; Lettenst
al., 2003; Deckmyret al., 2004; Garcia-Quijanet al., 2005; Vande Walle, 2007). Here,
we’ll mostly consider conventional bio-energy cr@ssshort rotation coppice (SRC) with

%In Belgium, three issuing bodies (VREG: de VlaamseuRemgsinstantie voor de Elektriciteits- en GasktiatWaPE:
Commission Wallonne Pour I'Energie; BRUGEL: Commisgierregulation pour I'énergie en Région de Bruxellesitake)
are responsible for the certification of the getirgaunits as well as the grant of the Green Ceatifis, respectively in
Flanders, Wallonia and Brussels, resulting in d wftd on-going Green Certificates mechanisms: fedéht in Flanders (1
Green, 1 Cogen), 1 in Wallonia, 1 in Brussels antlitheaFederal level (Van Stappetral., 2007).
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typically 3-year rotation for the above-ground bess and 25-year rotation for the
belowground biomass (Ceulemans and Deraedt, 1P89)ars and willows are the most
common species used in SRC in Belgium (Ceuleman®anaedt, 1999; Laureyseesal.,
2000; Laureysengt al., 2005) but trials with other species as birch araghle have been
performed (Vande Wallet al., 2007). Below, the main findings about appliciibenefits
and drawbacks of SRC with a particular emphasishi@morthern part of the country
(Flanders) are reported in four sections: (1) Qusstration in the ecosystem, (2) fossil fuel
and CQ emission reduction, (3) environmental impact afjdcosts. In these analyses SRC
will be compared with multifunctional forest (MUFQR.e. long-rotation forests managed
with a 10 year thinning and regenerated with a greelection system where wood production
is combined with ecological and recreational fumasi (Garcia-Quijanet al., 2005) and low-
input bio-energy cropise. mixed indigenous coppice (MIC) with longer rotaisoand little
management (Lettergs al., 2003).

(1) As far as C sequestration in the ecosystermosriserned, MUFOR are more advantageous
than bio-energy crops because they store largeuanud C in both standing biomass and soill
(Deckmynet al., 2004; Garcia-Quijanet al., 2005). Furthermore, C stored in wood of
MUFOR can be sequestered from the atmosphererigrtimme because it can be used as
primary materials for goods and construction. lanélers, average C stocks in poplar SRC
and beech/oak MUFOR for a period of 150 years boeia160 and 250 ton C ha
respectively, which increased to 180 and 330 tdvat; respectively, in a climate change
scenario (Deckmyast al., 2004).

(2) Use of SRC implies high reduction of fossillfaad CQ emissions because of the direct
substitution for fossil fuel. Such reductions amgkr than the reduction obtained from
MUFOR and MIC (Lettenst al., 2003; Garcia-Quijanet al. 2005). For instance, poplar
SRC provides in 150 years an average €ission reduction of 7-9 ton C hg*, whereas
beech/oak MUFOR of 1.7-2.0 ton Chg* (Deckmynet al., 2004). In any case, potential
reduction in fossil fuel and Gmission attainable through bio-energy cropsikedylto be

of less importance in Belgium at regional and maldevel, because of the scarcity of the
land. For instance, the maximum area that willljikee available for bio-energy crops in
Flanders is expected to be 10 000 ha (Vande Veadle, 2007). The establishment of bio-
energy crops for such land extension is expecteddoce the regional fossil fuel use and
CO, emission of only 0.2-0.3% (Vande Wadieal., 2007). Therefore, the use of bio-energy
in Belgium seems to be interesting only locallythathe establishment of small-scale
plantations linked to a local combined heat andgrgelant (Vande Wallet al., 2007).

(3) The environmental impact of SRC is high becausegatively effects vegetation and
biodiversity and because, especially for poplanequires large amount of water (Garcia-
Quijanoet al., 2005). The impact of MUFOR and of MIC, which uag less fertilizers,
herbicides and management, is lower (Lettras., 2003; Garcia-Quijanet al., 2005). On

the other hand, because of the high,@@ission reduction and the very little land ocdigra
(i.e. high area-use efficiency), the environmental im@dSRC per ton C@emission
reduction is relatively small (Garcia-Quijasbal., 2005). This fact (and the secondary
positive effects that SRC might have on soil prapsr Vande Wallet al., 2007) could
mitigate the negative effects of SRC reported alwva@/en render SRC more environmental
friendly than MUFOR and MIC (Letteres al., 2003; Garcia-Quijanet al., 2005).

(4) In Belgium, SRC has high costsg costs for growing, transporting and using bio-finel
specialized power stations). This makes SRC-alteesmmore economically attractive. For
instance, to reduce G@missions in Flanders, the establishment of newMR is less

costly than SRC. MUFORSs provide particularly highenefits in case (i) they are established
in contaminated sites or replace loss making aljuiiand (ii) they offer high environmental
and recreational potentials (Garcia-Quijaal., 2005).
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3.4.Research studies on mitigation

Mitigation possibilities are currently investigatedthe following Belgian research projects:
(1) POPFULL. System analysis of a bio-energy plaona full greenhouse gas balance and
energy accounting (project coordinator: Prof. Ceagas, University of Antwerp - UA,
duration 01/03/2009 - 28/02/2014)

The objectives of this project are: (i) to makeik fife Cycle Analysis (LCA) balance of the
most important greenhouse gases {3CH;, N,O, H,O and Q) and of the volatile organic
compounds (VOC's), and (ii) to make a full energgaainting of a SRC plantation with fast-
growing trees. The project involves both an experntal approach at a representative field
site in Belgium and a modelling part. For the ekpental approach a poplar SRC is
monitored during the course of 1+3 years, harvestetitransformed into bio-energy using
two alternative techniques, i.e. a small-scalefgasion and co-combustion in a large-scale
electricity plant. Eddy covariance techniques aeduo monitor net fluxes of all greenhouse
gases and VOC's, in combination with common assessnof biomass pools (incl. soil) and
fluxes. For the energy accounting LCA and enerdjgiehcy assessments are used over the
entire life cycle of the SRC plantation until th@guction of electricity and heat. A
significant process based modeling component ni#igrate the collected knowledge on the
greenhouse gas and energy balances toward predietial simulations of the net reduction
of fossil fuel greenhouse gas emissions (avoidedsams) of SRC over different rotation
cycles.

(2) SimForTree: A decision support tool for susahile forest management based on eco
physiological analysis and simulation of the vaitigbin tree development (project
coordinator: Prof. Ceulemans, UA; co-principal istigators: Prof. Van Acker, Ghent
University, UGent, and Prof. Muys, Catholic Univiggof Leuven, KULeuven; duration:
01/01/2007 - 31/12/2010).

The strategic objective of the consortium is toalep a physiological forest-wood chain
model (SimForTree) which is able to compare anduata different sustainable forest
management strategies with respect to their impaetood quality, ecosystem functioning
and forest structural development. The work ofdbesortium is developed along three main
lines: (i) an observational line that investigates tree and forest variability under different
site and management regimes; (i) a model developime that integrates/links both existing
knowledge and the new information from the expentakwork into a validated and
operational model, and (iii) a simulation line thaplies the capacities and power of the
model as a decision-support system for differedt@sers. In fact, as the physiological
forest-wood chain model SimForTree is conceivedragtegrating tool, it has potential
applications within the forestry sector in its liteat sense. An important use of the
SimForTree model is for solving environmental assemnt questions. For instance, the model
will be an excellent tool for long-term scenari@byses on effect of forest management and
climate change on the C balance and the amountsefjGestered by forest ecosystem for
different spatial and temporal scales.
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