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bstract. A transient climate scenario for the simulated period 1900-2100,
ved from the CCCma coupled GCM (CGCM1) with IPCC 1S92a greenhouse
ing was used to drive the IBIS Dynamic Global Vegetation Model (DGVM),
pplied to the region of Saskatchewan, Canada. Results indicate significant effects
tmospheric CO, increase on NPP, litter production and biomass. Our
simulations also indicate a minor effect of temperature increases on the exchange
" 0f.CO, between forest and atmosphere in this region. Projections for the period
E%if’),‘()O();ZlOO using a ten year moving average, derived from this single scenario
fﬁ%ﬁysis include: increases in NPP, biomass, aboveground litter, belowground

terrestrial biosphere and the atmosphere interact in various ways, of which
ﬁgfpe_rhaps the most obvious demonstration is in the global distribution of vegetation.

= er the last two decades, the scientific community has attached great importance
: ;;g» nderstanding the effects of increasing atmospheric CO, on global climate (as
rojected by General Circulation Models, GCMs) and the consequences of
atic change on the distribution and ecological function of terrestrial
egetation. More recently, the impacts of change on the many services provided
hese ecosystems have also become an important concern {e.g., Mendelsohn
Neumann 1998)

eproducing the complexity of most terrestrial ecosystems in the laboratory is
emely difficult, so field observation and computer modelling are widely
ccepted as appropriate ways to investigate these effects. Several types of
ecosysten models have been developed and used to simulate global and regional
orest responses to climate in terms of productivity and cycling of carbon and
utrients, at both global and regional scales (e.g. Melillo et al., 1993; Parton ef al.,
5; Schimel et al., 1997; Price et al.,, 1999a,b). Examples include small-scale
atch” models [e.g., FORSKA (Prentice et al., 1993)], global-scale equilibrium
egetation models [e.g., BIOME (Prentice er al, 1992)], and terrestrial
iogeochemistry models [e.g.,, TEM (Melillo et al, 1993)]. Amongst many
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mpetition is driven by differences in the annual carbon balance resulting from
fferent ecological strategies, including differences in phenology (evergreen vs.
iduous), leaf form (needle vs. broadleaf), and photosynthetic pathway (C; vs.
). Potential vegetation was initialized in the first year of the simulation using
matic rules derived both from known physiological plant responses and
served vegetation distribution. These included the constraints imposed by:
olute minimum temperature, temperature of the warmest month, and
mulative degree-days above 0 and 5 °C.
For efficient simulation of vegetation responses when coupled to GCMs, the
odel integrates different processes at appropriate time-scales. Fluxes of energy,
“water and carbon between vegetation and atmosphere are calculated at high
requency (typically hourly) using the LSX land-surface scheme of Pollard and
Thompson (1995), modified to account for simultaneous transfer of carbon and
water based on the photosynthesis model of Farquhar et al. (1980) as modified by
ollatz et al. (1991, 1992). Biomass accumulation and leaf area index are
computed daily in the phenology module. The remaining model components are
ntegrated on a yearly time-step, and include estimation of annual carbon balance
and spatial changes in vegetation biomass and species composition.
For our simulations, two modifications were made to the original model.
Firstly, the geographic (latitude/longitude) projection normally used for global
simulations was replaced by the Lambert Conformal Conic projection (Snyder,
1900-2100 derived f ’ d 58 1987). This provides a more even sampling of the land surface at mid-latitudes,
errved from observed climate normals and output from the Canadian: while greatly reducing the computation invested in simulating vegetation at high
itudes where relatively little exists in any case. Secondly, much of Canada’s
and-surface is composed of organic soils, which have important effects on
face-atmosphere exchanges (El Maayar et al., 2001). For this reason, the IGBP

researcl?ers, Parton et al. (1995) and Xiao et al. (1997) found that net prim
p.rod‘uctlon (NPP) and carbon storage of terrestrial ecosystems may¥
mgmﬁcant'ly affected by changes in atmospheric CO, concentration and clim
At the regional scale, Price et al, (1999a) concluded that climate variability affects
seasonal water balances and should be considered when using patch models
foreca§t vegetation dynamics during and following a period of climate transiti
’I"hc climate data used in most earlier studies were derived from GCM equilibritim
simulations. Hence the effects of short-term transient vegetation responses, both
canopy processes and in competition and phenology, have often been ;gnored "
Becal.xse these responses are often highly nonlinear, simulation results are ‘oft
questlo’nab]e. Feedbacks between vegetation and atmosphere could also affect
vegetatlgn development during the transition between current and future climates
(see Levis et al., 1999), but these cannot be simulated unless the vegetation mddé1
and the GCM are coupled dynamically. To overcome these limitations, Dyriax;nc
C?lobal _Vegetation Models (DGVMs) attempt to provide greater consistency:in
s1rnu1at1ng .key vegetation processes (including growth, competition, death*and
decomposition as well as associated mass and energy exchanges withithe
a;r?osphefei. These models also have the potential to simulate dynamic rcspd‘u‘séfé?%
of terrestrial vegetation to changing cli i
oM o Whigte o 1999).g g climate, and can be coupled to transxegt-modz;_

(Houg}}ton et al., 19_96). The model was scaled down to simulate vegetatio
dyna‘mlcs f'or the region of Saskatchewan in central Canada, and applied at
relatively high spatial resolution of 50 km. o

46.2
Method
ansient Climate Change and CO, Scenarios
46.2.1 '
Model Monthly time series of “pseudo-anomalies” of mean daily temperature,
temperature range (Tmax — Tmin), and total precipitation were first created by

subtracting the monthly averages of the values simulated for 1961-1990. These
vegetation distribution j . . malies were then interpolated to a 10 km grid as functions of latitud d

: ow. i in each 50 ki square grid coll, forced by climate dt ?::gitude ugig the GIDS gpproeach (Price et 2L, 2000; Nalder and Wein 16935?)
s+ and added to the observed 1961-90 climate normals (Environment Canada, 1994)
- interpolated to the same grid using ANUSPLIN (Hutchinson 1999; McKenney et
al., 1996). Finally, the 10 km resolution data were reaggregated to 50 km by

variations, then lead t i ; s TN simple averaging. A mask was created for the spatial domain, corresponding to the
0 changes in vegetation structure and distribution. Trees érezf) of Saskitclgxcwan, and used to determincpthc grid cells to bepsimulagted by

(which form the simulated upper cano i i »
Dy vegetation
shrubs (lower canopy) for water andylig}%t Witt)liﬁomf e}ie with grasses a s IBIS. Changes in atmospheric CO; concentration for 1900-2100 were estimated as
' cach vegetation ‘le}ye‘r. : 1% per year compounded from 290 ppm, following the IPCC-1S92a emissions

F‘un.ctional T}fpes (PFTs), where each PFT represents a group of plamé with
similar ecological characteristics (e.g., deciduous forest, coniferous forest, grassm
and shrubs). Competition processes, influenced by inter-annual climatic



. ; i hanges 549
548 Part IV: Modelling Regional Climate Change and Associated Impacts El Maayar et al.: Simulating Forest Responses to Transient Chang

2100.
From 1900 to 2000, simulated annual mean temperature increased by about 1

scenario (Houghton et al., 1996) which suggests that it will reach ~710 ppm>b

Winter (DJF)
Spring (MAM)

I

. C o . . . A :

°C (Fig. 46.1a) which is consistent with the observational record for western 30 iﬂ:‘]?‘ﬁr(g&\}) a
central Canada (e.g., see Environment Canada, 1995). Between 2000 and 2100 20

the simulated temperatures increase by approximately 6, 10, 8, and 5 °C fo 10

autumn, winter, spring, and summer, respectively. During this period, monthly -
mean temperature range is projected to decrease by approximately 1 °C in spring
and summer, and by as much as 4 °C in winter (Fig. 46.1b). Over the same period,
monthly precipitation is projected to increase slightly in autumn, winter and :
spring, but decrease by approximately 20 mm in summer (Fig. 46.1c).

The climate data created for the first year of simulation (1900) were used to"
spin-up the model for three hundred simulation years, primarily to ensure that soil -
and litter carbon pools were adequately stabilized before beginning the simulation
of climate change effects (see Kucharik et al., 2000). The pool values obtained at’

the end of the spin-up period were then used to initialize the runs for which resul
are reported below.
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46.3
Results and Discussion

The simulated distribution of vegetation for present-day climate conditions (i.e., as
simulated for the period 1900-2000; Fig. 46.2a) agrees with observation
reasonably well. In general, the pattern of both upper storey (trees) and lowe
storey (grass and shrubs) vegetation is reproduced successfully, with boreal forest -
vegetation appearing in the northern region of the Province and grasslands in the
south. Less successfully, the model also simulates the presence of temperatgé'
deciduous forest between these two regions. This seems incorrect because none df
Saskatchewan’s vegetation is properly classified as temperate forest. Much of the ‘

‘Total precipitation (mm, = temperaiure range (sciMean

in thi ; ‘ 150 i
landscape in this region is dominated by stands of deciduous aspen (Populus L al\ A ‘ ) .N‘Ms" Ko WP FE
tremuloides Michx.), however, which suggests that the model’s discrimination io'f' 100 'ﬁmm\w;‘m\vﬁ AN ‘ ‘“
deciduous vegetation between temperate and boreal regions could be improved.” 50
The most likely factor is the sensitivity to drought: either the boreal deciduous 0 . . " y
PFT is too sensitive, or the temperate deciduous PFT is not sensitive enough— 1900 1950 2000 2050 210

which results in the latter being too successful when competing with the borea
vegetation. For the year 2100, the model predicts almost total dominance of the:
region by temperate deciduous trees in the forested regions (Figs 46.2b,0).

Figure 46.2c shows simulated forest biomass compared to observed values
taken from inventory data of Penner et al. (1997). The model estimates only:
potential vegetation and hence estimates of biomass should be compared with
observations for mature forest stands. Such a comparison shows that on average,
the model exceeds observed data for this region by approximately 14 t ha™'. Some
overestimation is to be expected, given that our simulation did not include effects -
of disturbances (fire, insects, diseases, harvesting and change in land use).

Year of simulation
Fig. 46.1. Seasonal CCCma-GCM projected transient changes for the period 1900 to 2100 for
.Saskatchewan: a) temperature; b) temperature range (Tmax-Tmin); c) precipitation.

_ Including these effects (see Figure 3 in Kurz and Apps, 1999) would
presumably lead to closer agreement between simulated anq observed.average
" biomass (Fig. 46.2c), and work is currently underway to test this hypothesis. Othfar
-validations (runoff, NPP, soil carbon) for. the region of the study can be found in
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: changes resulted in a 20% decrease in runoff (Fig. 46.2n), during the period 2000-
100. Study of Figs. 46.2g and 46.2! indicates that projected water use efficiency
creased over the simulation period, mainly because of the feedback effect of
creasing CO, concentration on leaf conductance.

Kucharik et al. (2000) where agreement between observed and simulated data
particularly high for runoff and NPP. Our NPP simulation results (Fig. 46.2g)
also in good agreement with those obtained from the HYBRID-3 DGVM drive
by the Hadley Centre’s HadCM2 and HadCM3 transient climate scenarlos (WHlt
et al., 1999).

Figure 46.2g (grey line) shows that changes in temperature alone have lml
effect on NPP, even though the projected temperature increases in autumn an
spring (Fig. 46.1) would lead to a longer growing season, and presumably,

Total forest biomass
"trees only" (t/ha)

‘Ternperate deciduous forest
boreal decldunus foresl
boreal mixed for

H H . . ] i el en forest 0
increased annual net photosynthesis (Black er al., 2000). The explanation might E%EE';%‘: e N 20
that NPP as simulated by IBIS is not very temperature sensitive, perhaps because Sonehrubiand. T 40
any increases in photosynthesis with temperature are balanced by hig .  Gesen (LAl < 0.4) 20 5
) Year 2000 Year 2100 0 Gbserved observed simulated

respiration rates. Even if mean temperatures were to increase in spring and autum
during the period 2000-2100 (Fig. 46.1), they would remain suboptimal ‘for
photosynthesis for much of the growing season. Increase in water stress (Fig
46.21), that would lead to reduced transpiration and photosynthesis, could al
offset any gains due to the longer growing season. Comparison of Figs. 46.2d an
46.2e suggests that fluctuations in simulated NPP are driven more by variations i
precipitation than temperature. The major factor causing large increases in NP

ali forests  mature
forests

Total annual
precipitation (mm

Total biomass (gt-C)/

8
Average annual
temperature (*C)

350 2
‘~4900 1950 2000 2050 2100 1900 1950 2000 2050 2100 1900 1950 2000 2050 2100

obtained in these simulations was the steady increase in atmospheric COz NPP (gt-Clyr) 10| Aboveground 028 [~ Belowground

concentration (Fig. 46.2g, black line). The combined effect of climate and COZ litter (gt-C) 024 | litter (gt-C)

increase resulted in an approximate doubling of NPP over the period 2000-2100; (9) o (h) gfz )
Part of the explanation for this increase was that the model also predicted;an 0.6 042

increase in the coverage of temperate deciduous forest with higher simulated NP . e —oss 7700 a0 7550 2000 2050 51000 Coss 530502050 2100

The increased NPP generated in turn a greater fraction of woody biom i 60

Total soil

contributing to an approximate doubling of simulated biomass over the_ sami gﬂ% .
& nitrogen (gt-C)

period (Fig. 46.2f). Note that biomass increases more in the absence of CC
increase in the early years of the simulation (Fig. 46.2f), which is due to’' NP
increase during this period (Fig. 46.2g). These results are not reaily plausible
however, not least because the model assumes that there are no nutrient corm'ol
on photosynthesis. If nitrogen limitations on plant growth were simulated, i

Total soil

trans. / prec. (%)
carbon (gt-C) s

1.1
1.0
0.9
0.8

50

40

) (k) 30

0.7
900 1950 2000 2050 2100 1900 1950 2000 2050 2100 1900 1850 2000 2050 2100

5 35 10 Forestype
likely that NPP and total biomass would increase much less dramatically. Schimel: o| aet/prec. (%) s| umofi/prec. (%) (atios
et al. (1997) found from analysis of three model simulations, that water:an 5
¥ 0 25 0.5 | temp/tot-F bor/tot-F.

5

0 20 (©)

5

1

15 0.0
900 1950 2000 2050 2100 1900 1950 2000 2050 2100 1900 1850 2000 2050 2100

" Fig. 46.2. IBIS simulated resuits for: a) vegetation distribution at year 2000, b) at year 2100, ¢)
;otal forest (trees only) biomass at year 2000; and evolution of f) total biomass, g)NPP, h)
aboveground litter production, I) belowground production, j) total soil carbon, k) soil nitrogen, 1)
ratio of transpiration to total precipitation, m) ration of total evapotranspiration to total
-precipitation, m) ration of runoff to total precipitation, o) temperate [temp/tot-F] and boreal
h[bor/tot-F] forest areas ratios. The thin (black) line refers to effect of changes in climate only.
e thick (grey) line refers to combined effects of changes in climate and atmospheric CO2.
ean annual temperature (2d) and precipitation (2e) are shown for illustration.
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46.4 , ;
Conclusions

Although designed for application at the global scale, when suitably -
parameterised, IBIS was able to reproduce the general distribution patterns of-
vegetation type and forest biomass in a higher resolution study of a region in"
Canada. Improvement of the simulation of the competition processes driving the’
vegetation dynamics could lead, however, to a better reproduction of this’
distribution. The simulation results suggest an important effect of increasing CO;
on NPP, causing related increases in forest biomass, litter production and soi
carbon accurnulation. Projected increases in mean temperature have small effects
on growth, but increased decomposition of litter and soil carbon affects the C.
balance, as well as increasing soil nitrogen. Increases in evapotranspiration
without a significant increase in precipitation combined to greatly reduce the mean:
annual water balance. These results should, however, be treated with some caution.
because ecosystem disturbances, and the effects of nitrogen limitations on plant
production, were not considered in this study.
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Preface

Over the last 20 years great effort has been devoted to the understanding of the
function and changes in the climate system, and the effects that an
anthropogenically forced shift in the earth’s climate could induce on the dynamics
of environmental and socio-economic systems. Although climate change is global
in nature, greater knowledge is required on smaller scales to identify its spatial
structure and impacts. This book brings together, for the first time, the most
prototypical and up-to-date analyses from the broad field of detection and
modelling of regional climate change and the assessment of its associated natural
and economic effects.

This volume is composed of a selection of papers from those presented to the
International Scientific Meeting on the “Detection and Modelling of recent
Climate Change and its Effects on a Regional Scale”, which was held at Tarragona
in May 2000. The meeting was co-organised by the Climate Change Research
Group (Geography Unit) of the Rovira i Virgili University and the Catalonian
Meteorological Service (Servei de Meteorologia de Catalunya, SMC) of the
Environment Department of the Autonomous Government of Catalonian (Spain).

The papers selected emphasise key advances in the fields of reconstruction,
detection and modelling of regional climate variability and change and the current
and potential impacts on environmental and socio-economic systems for a wide
range of world regions.

To present, and provide and understanding of, the key issues in these fields,
which requires the use of an integrated approach, the book has been structured into
four sequentially related parts. The first part deals with the topic of quality control
procedures and homogenisation of climate time-series. It is comprised of five
chapters that provide a methodological approach to the assessment of the quality
and homogeneity of climate data, and furnishes guidelines for achieving improved
results. This part starts with the invited contribution of H. Alexandersson, which
assesses past requirements of climate data homogeneity. The science of climate
change requires, without doubt, reliable, quality controlled and homogenised
datasets, with which to identify temporal and spatial climate variations and their
patterns. Such data is also required to validate the numerical simulations provided
by AOGCMs and for the different downscaling techniques.

The second part focuses on identifying observed regional climate variability
and change, together with the most useful and oft discussed climate reconstruction
techniques. There are eighteen contributions to this part, starting with the P. D.
Jones paper. This puts into context the last 150 years of instrumentally measured
temperature changes with reference to the multi-proxy reconstruction of the last
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