
" 

544, Part IV: Modelling Regional Climate Change and Associated 

Harmon, M. E., Franklin, J. F., Swanson, F. J., Sollins, P., Gregory, S. V., 
Anderson, N. H., Cline, S. 0., Aumen, N. G., Sedell, J. R, Lienkaemper, G. W., 
K., and Cummins, K. W., 1986: Ecology of Coarse Woody Debris in Temperate 
Adv. Ecol. Res. 15, 133-302. 

Holdridge, L. R., 1947: Determination of World Vegetation Formations from 
Data, Science 105, 367-368 .. 

IPCC (Intergovernmental Panel on Climate Change), 1996: Climate Change 1995: 
Adaptations and Mitigation of Climate Change. Cambridge Univ. Press, Cambridge, 

King, G. A and Herstrom, A A, 1996: Holocene Tree Migration Rates Objectively 
from Fossil Pollen Data, 91-101. In: Huntley, B., Cramer, W. P., Morgan, A V., 
c., and Allen, J. R. M.(eds.), Past and Future Rapid Environmental Changes: 
and Evolutionary Responses of Terrestrial Biota, Springer-Verlag, New York. 

King, G. A. and Neilson, R. P., 1992: The Transient Response of Vegetation to 
a Potential Source of CO2 to the Atmosphere, Water, Air and Soil Pollut. 64, 364-383 

Kirilenko, A. P., Belotelov, N. V., and Bogatyrev, B. G., 1994: Modeling of 
Shifts under Climate Instability, Doklady Rossiiskoi Akademii Nauk, 338(1), 1 
Russian) 

Kirilenko, A. P. and Solomon, AM., 1997: Modeling Dynamic Vegetation KC~;PUI[ISC. 
Climate Change Using Bioclimatic Classification, Climatic Change 38, 15-49. :' 

Leemans, R., and Cramer, W. P., 1991: The lJASA Database for Mean Monthly 
Temperature, Precipitation and Cloudiness on a Global Terrestrial Grid, RR-91 
Laxenburg, Austria. 

Niskonen, A, Saortamoinen, 0., and Rontalo, T., 1995: Economic Impacts 
Sequestration in Reforestation: Examples from Boreal and Moist Tropical 
Climate Change, Biodiversity and Boreal Forest Ecosystems. mFRA, Joensuu, 
200 

Prentice, I. C., Cramer, W. P., Harrison, S. P., Leemans, R, Monserud, R A., and 
M., 1992: A Global Biome Model Based on Plant Physiology and Dominance, 
and Climate, 1. of Biogeography 19,117-134. 

Shvidenko, A, Nilsson, S., Stolbovoi, V., and Wendt, D., 1998: Background 
Carbon Analysis of the Russian Forest Sector. nASA, Laxenburg, Austria. 

Smith, T. M. and Shugart, H. H., 1993: The Potential Response of Global Terrestrial 
Climate Change, Water, Air, and Soil Pol/ut. 10, 629-642. 

Solomon, A M. and Kirilenko, A. P., 1997: Implications for Terrestrial Carbon 
Delayed Tree Species Immigration Under Changed Climate, Global Ecol. and 
Let., 6, 139-148. 

Vitousek, P.M., 1991: Can Planted Forests Counteract Increasing Atmospheric 
1. Env.Quality 20, 348-354. 

Webb, T., ill, 1986: Is Vegetation in Equilibrium with Climate? How to 
Quaternary Pollen Data, Vegetatio 67, 75-92. 

f> L.E: I; L tyJ 4-4 
~-m-U-Ia-t-in-g-F-O-r-e-s-t-R-e-sp-o-n~s-e-s~t~o-T~r~a~n-si~e-n-t--- P~6J 

ges in Climate and Atmospheric CO2: A 
Study for Saskatchewan, Central Canada 

ELMAAYAR, DAVIDT. PRICE, ANDR. MARTINSILTANEN 
Resources Canada, Canadian Forest Service, Northern Forestry Centre, 5320-122 Street, 

Alberta, T6H 3S5, Canada. 

A transient climate scenario for the simulated period 1900-2100, 
from the CCCma coupled GCM (CGCM1) with IPCC IS92a greenhouse 
was used to drive the IBIS Dynamic Global Vegetation Model (DGVM), 
to the region of Saskatchewan, Canada. Results indicate significant effects 

CO2 increase on NPP, litter production and biomass. Our 
JUU.IQU'Ull" also indicate a minor effect of temperature increases on the exchange 

between forest and atmosphere in this region. Projections for the period 
using a ten year moving average, derived from this single scenario 

include: increases in NPP, biomass, aboveground litter, belowground 
• soil carbon, soil nitrogen, transpiration, and evapotranspiration rate of 

90, 64, 60, 21, 13, 13, 32 and 5%, respectively. Over the same 
runoff decreased by -23%. 

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

the last two decades, the scientific community has attached great importance 
the effects of increasing atmospheric CO2 on global climate (as 

by General Circulation Models, GCMs) and the consequences of 
change on the distribution and ecological function of terrestrial 
. More recently, the impacts of change on the many services provided 

ecosystems have also become an important concern (e.g., Mendelsohn 
Neumann 1998) 

ng the complexity of most terrestrial ecosystems in the laboratory is 
difficult, so field observation and computer modelling are widely 

as appropriate ways to investigate these effects. Several types of 
""''',lotpTYI models have been developed and used to simulate global and regional 

responses to climate in terms of productivity and cycling of carbon and 
at both global and regional scales (e.g. Melillo et ai., 1993; Parton et ai., 

Schimel et ai., 1997; Price et ai., 1999a,b). Examples include small-scale 
models [e.g., FORSKA (Prentice et ai., 1993)], global-scale equilibrium 

models [e.g., BIOME (Prentice et at., 1992)], and terrestrial 
models [e.g., TEM (Melillo et ai., 1993)]. Amongst many 



researchers, Parton et at. (1995) and Xiao et at. (1997) found that net 
p.r~uction (NPP) and carbon storage of terrestrial ecosystems, 
slgmficantly affected by changes in atmospheric CO2 concentration and' 
At the regional scale, Price et at. (1999a) concluded that climate variability 
seasonal water balances and should be considered when using patch . 
forecast vegetation dynamics during and following a period of climate tr<>.,oiti'n. 

The climate data used in most earlier studies were derived from GeM -"~""U'''~ 
simulations. Hence the effects of short-term transient vegetation responses, 
canopy processes and in competition and phenology, have often been .' 
Because these responses are often highly nonlinear, simulation results are 
questionable. Feedbacks between vegetation and atmosphere could also 
vegetation development during the transition between current and future 
(see Levis et aI., 1999), but these cannot be simulated unless the vegetation 
and the GCM are coupled dynamically. To overcome these limitations, ~ J'''~''~~ 
Global Vegetation Models (DGVMs) attempt to provide greater conlslslencY~lD 
simulating key vegetation processes (including growth, competition, rton,tk<nn" 

decomposition as well as associated mass and energy exchanges 
atmosphere). These models also have the potential to simulate dynamic 
of terrestrial vegetation to changing climate, and can be coupled to lra.nSleml-moc 
GCMs (see White et at., 1999). 

In this study we examined responses of the Integrated BIosphere .. >1I,IIUl,I1Lut 
(IBIS) DGVM of Foley et ai. (1996), to a transient climate scenario for the 
1900-2100 derived from observed climate normals and output from the ~a.llaUl1au 
Climate C~ntre's (CCCma) CGCM1 model (Flato et at., 2000). Atmospheric 
concentratIOn was assumed to increase following the IPCC IS92a """"WIV 
(Houghton et ai., 1996). The model was scaled down to simulate vef~etation 
dynamics for the region of Saskatchewan in central Canada, and applied 
relatively high spatial resolution of 50 km. 

46.2 
Method 

46.2.1 
Model 

Version 2.1 of IBIS (Kucharik et ai., 2000) was used to simulate fJVLllOUUW 
veget~tion distributi~n in each 50 km square grid cell, forced by climate 
descnbed below. ThiS model simulates the presence/absence of different . 
~un.ctional T~es (PFTs) , where each PFT represents a group of plants 
snrular ecological characteristics (e.g., deciduous forest, coniferous forest . 
an~ ~hrubs). Competition processes, influenced by inter-annual ' 
van~tIons, then lead to changes in vegetation structure and distribution. . 
(which form the simulated upper canopy vegetation) compete with grasses arid 
shrubs (lower canopy) for water and light. Within each vegetation layef.: 

AJUl,IJ"LIl1\.'lI is driven by differences in the annual carbon balance resulting from 
ecological strategies, including differences in phenology (evergreen vs. 

MUUV"VJI leaf form (needle vs. broadleaf), and photosynthetic pathway (C3 vs. 
Potential vegetation was initialized in the first year of the simulation using 

rules derived both from known physiological plant responses and 
vegetation distribution. These included the constraints imposed by: 
minimum temperature, temperature of the warmest month, and 

degree-days above 0 and 5 dc. 
For efficient simulation of vegetation responses when coupled to GCMs, the 

integrates different processes at appropriate time-scales. Fluxes of energy, 
and carbon between vegetation and atmosphere are calculated at high 

fTiorll""n"\f (typically hourly) using the LSX land-surface scheme of Pollard and 
nOinpimn (1995), modified to account for simultaneous transfer of carbon and 

based on the photosynthesis model of Farquhar et at. (1980) as modified by 
et at. (1991, 1992). Biomass accumulation and leaf area index are 

,VlIWU,,,u daily in the phenology module. The remaining model components are 
integra.ted on a yearly time-step, and include estimation of annual carbon balance 

spatial changes in vegetation biomass and species composition. 
. For our simulations, two modifications were made to the original model. 

the geographic (latitude/longitude) projection normally used for global 
MIllUla'ClVlIS was replaced by the Lambert Conformal Conic projection (Snyder, 

This provides a more even sampling of the land surface at mid-latitudes, 
greatly reducing the computation invested in simulating vegetation at high 

laLlLUU'"" where relatively little exists in any case. Secondly, much of Canada's 
is composed of organic soils, which have important effects on 

surl'ace:-atmosptlere exchanges (El Maayar et aI., 2001). For this reason, the IGBP 
data used in global simulations (see Kucharik et aI., 2000) was replaced by 
on both mineral soil texture and carbon content derived from the Canadian 
Information System (CanSIS, Agriculture Canada). 

46.2.2 
Transient Climate Change and CO2 Scenarios 

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 
anomalies were then interpolated to a 10 km grid as functions of latitude and 
longitude using the GIDS approach (Price et at., 2000; Nalder and Wein 1998), 
and added to the observed 1961-90 climate normals (Environment Canada, 1994) 
interpolated to the same grid using ANUSPLIN (Hutchinson 1999; McKenney et 
a/., 1996). Finally, the 10 km resolution data were reaggregated to 50 km by 

. simple averaging. A mask was created for the spatial domain, corresponding to the 
area of Saskatchewan, and used to determine the grid cells to be simulated by 
IBIS. Changes in atmospheric CO2 concentration for 1900-2100 were estimated as 

'1% per year compounded from 290 ppm, following the IPCC-IS92a emissions 
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scenario (Houghton et al.. 1996) which suggests that it will reach -710 ppm 
2100. 

From 1900 to 2000, simulated annual mean temperature increased by about 1 
°C (Fig. 46.1a) which is consistent with the observational record for western ,. 
central Canada (e.g., see Environment Canada, 1995). Between 2000 and 2100,; •. 
the simulated temperatures increase by approximately 6, 10, 8, and 5 °C for' 
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. 46.1 b). 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 at .. 2000). The pool values obtained at 
the end of the spin-up period were then used to initialize the runs for which results " 
are reported below. 

46.3 
Results and Discussion 

The simulated distribution of vegetation for present-day climate conditions (Le., 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 lower ',' 
storey (grass and shrubs) vegetation is reproduced successfully, with boreal foreS~" 
vegetation appearing in the northern region of the Province and grasslands in the 
south. Less successfully, the model also simulates the presence of temperate 
deciduous forest between these two regions. This seems incorrect because none of 
Saskatchewan's vegetation is properly classified as temperate forest. Much of the . 
landscape in this region is dominated by stands of deciduous aspen (Popu/Uf. . 
tremuloides Michx.), however, which suggests that the model's discrimination of , 
deciduous vegetation between temperate and boreal regions could be iml)r01~ed. 
The most likely factor is the sensitivity to drought: either the boreal deciduous" 
PFT is too sensitive, or the temperate deciduous PFT is not sensitive enough-::;' 
which results in the latter being too successful when competing with the bore;al, 
vegetation. For the year 2100, the model predicts almost total dominance ofth~ 
region by temperate deciduous trees in the forested regions (Figs 46.2b,0). 

Figure 46.2c shows simulated forest biomass compared to observed valu~" 
taken from inventory data of Penner et al. (1997). The model estimates 
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 effec~ 
of disturbances (fire, insects, diseases, harvesting and change in land use). 
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." Including these effects (see Figure 3 in Kurz and Apps, 1999) would 
presumably lead to closer agreement between simulated an~ observed. average 

. biomass (Fig. 46.2c), and work is currently underway to test thiS hypotheSIS. Oth~I 
validations (runoff, NPP, soil carbon) for the region of the study can be found m 
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Kucharik et at. (2000) where agreement between observed and simulated 
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 
by the Hadley Centre's HadCM2 and HadCM3 transient climate scenarios 
et at., 1999). 

Figure 46.2g (grey line) shows that changes in temperature alone have 
effect on NPP, even though the projected temperature increases in autumn 
spring (Fig. 46.1) would lead to a longer growing season, and pre:surnatlly 
increased annual net photosynthesis (Black et at., 2000). The explanation 
that NPP as simulated by IBIS is not very temperature sensitive, perhaps 
any increases in photosynthesis with temperature are balanced by 
respiration rates. Even if mean temperatures were to increase in spring and 
during the period 2000-2100 (Fig. 46.1), they would remain suboptimal 
photosynthesis for much of the growing season. Increase in water stress 
46.21), that would lead to reduced transpiration and photosynthesis, could 
offset any gains due to the longer growing season. Comparison of Figs. 46.2d 
46.2e suggests that fluctuations in simulated NPP are driven more by variation_s 
precipitation than temperature. The major factor causing large increases in 
obtained in these simulations was the steady increase in atmospheric 
concentration (Fig. 46.2g, black line). The combined effect of climate and 
increase resulted in an approximate doubling of NPP over the period 2000-21 

Part of the explanation for this increase was that the model also nrF't1u'tpt1 

increase in the coverage of temperate deciduous forest with higher simulated 
The increased NPP generated in turn a greater fraction of woody 
contributing to an approximate doubling of simulated biomass over the" 
period (Fig. 46.21). Note that biomass increases more in the absence of 
increase in the early years of the simulation (Fig. 46.21), which is due to 
increase during this period (Fig. 46.2g). These results are not really 
however, not least because the model assumes that there are no nutrient 
on photosynthesis. If nitrogen limitations on plant growth were simulated, 
likely that NPP and total biomass would increase much less dramatically. 
et al. (1997) found from analysis of three model simulations, that 
nutrient controls on NPP become correlated at steady state, because th~·· 
budget strongly influences both the carbon and the nitrogen cycles. More·' . 
Jarvis and Linder (2000) have shown the importance of nitrogen UUU,"UV'"" 

tree growth based on measurements in two boreal forest regions. 
Aboveground and belowground litter production followed the steady 

total biomass simulated by the model (Figs. 46.2f,h,i). The increase 
rapid during the period 2000-2100, which caused soil carbon content to 
appreciably. (Fig. 46.2j). Increases in precipitation and temperature (Figs. 
and 46.2e), also caused litter decomposition to increase, which ,,..,,,,u.,",,'" 
increase in soil N (Fig. 46.2k). The model also predicts increases in . 
transpiration (Fig. 46.21), and a smaller increase in evapotranspiration 
46.2m). When combined with the projected small decreases in nrp'r;n,;t!ll';nn 
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resulted in a 20% decrease in runoff (Fig. 46.2n), during the period 2000-
100. Study of Figs. 46.2g and 46.21 indicates that projected water use efficiency 

1I1(;lCa~';u over the simulation period, mainly because of the feedback effect of 
CO2 concentration on leaf conductance. 
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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 
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 CO2 ' 

on NPP, causing related increases in forest biomass, litter production and soil 
carbon accumulation. 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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Abstract. The climate and the meteorological conditions throughout the year are 
of extreme importance in the deflagration and propagation of forest fires. Using 
the registered data from meteorological stations and forecasts, it is possi?le to 
establish the denominated meteorological fire risk index. This, mathematically, 
translates the fire risk that a given region is subject to, taking into consideration 
only meteorological conditions. The probable climatic changes, related to the 
emission of greenhouse gases, may come to affect the fire risk of a given region. 
The approach adopted to evaluate the impact of climate change on the fire weather 
risk (FWR) over Portugal is based on a numerical downscaling technique (from 
global to regional scale). The results of a general circulation model, f~r ?~esent­
day conditions and for a climate centred in the year 2050, are used as inItial and 
boundary conditions for a mesoscale model of atmospheric flow. This was applied 
to an area including Continental Portugal, for both considered situations, in terms 
of global simulation. The information obtained has been used to .calculate the 
FWR with reference to the two simulated situations. Two FWR Indexes were 
applied, the Angstrom and the Louren~o indexes. Globally, the prognosis is ~or an 
increase in the meteorological fire risk in Continental Portugal, for a chmate 
scenario corresponding to the year 2050. 

47.1 
Introduction 

The climatic system consists of various interactive components, including the 
atmosphere, the oceans, the marine ice, ground ice, the hydrosphere and the 
lithosphere, where vegetation, biomass, albedo, and the ecosystems are included. 
Therefore, the forest ecosystems are one of the constituents of the climatic system, 
promoting exchanges with the atmosphere, being influenced by and influenc.ing i.t, 
namely, its chemical composition. Beyond the direct influence of the chmatlc 
system, the fires are among the factors, which act within the dynamic of the forest 
ecosystems. Their origins could either be anthropogenic (an instrument of forest 
space management, criminal origin), or natural (fires deflagrated by lightning 
during storms), and there are three factors that condition forest fires: the type of 
vegetation fuel; the topography; and the meteorology (climate and weather 
conditions). However, to achieve the objective of this work - the study of the 
climatic changes in the FWR index - attention will be focused on the 
meteorological factor. 
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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 down scaling 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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