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Abstract

Prospective studies dealing with time horizons ntbas a few years away must be done with the help
of scenarios. These scenarios are plausible stfrithe future, describing the general evolutiornhef
main aspects of human society, such as demograpbgpomy, and technology. Since the 20h century
the long distance interrelationships of human comtres have strengthen so much that these
scenarios must be built for Earth as whole. Alde, impact of humans on the Planet has grown so
large that the scenarios must encompass not oelsdbietal aspects but also the effects upon the
natural systems, viz. Atmosphere, Water bodiesp§pigere, Biosphere — such as local air, soil and
water pollution, or global warming.

The qualitative descriptions given by such glolwanarios receive some quantification at global and
large region scales. However, both the spatiaksaatl the level of detail available are not endiogh
performing studies at regional or local level. Thoispractical work it is necessary to downscale th
global scenarios.

The first part of this document proposes a gemaethod for downscaling global socio-economic and
technological scenarios to country level and sma#igions, such as a metropolitan area, a rivanpas
or an administrative region. The method is an adapt of the well known story-and-simulation
approach recommended for assembling global or megiscenarios, like for instance for Europe.
Besides the general procedure, there are guideiomegpproaching specific aspects of downscaling,
such as demography, buildings, transportationcafyure and livestock, energy, etc.

The second part of the document addresses the tampgarticular aspect of climate. A certain global
scenario also implies a certain planetary climbtgeed emissions (of greenhouse gases in parficular
from human activities are so large that they havargact on the global climate. This aspect of feitu
scenarios must also be downscaled, however thedelechniques are so complex and specific to the
problem that they deserve separate discussionemodnimendations.
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1. Foreseeing with scenarios

Experience teaches that it is impossible to foregdedetail the route of human societies, in i@y
and diverse aspects, from demography to economvielalgment, from social issues to technologies.
Indeed projections of current situations usuallgdme invalid after a few years, no matter the
complexity of the methodology used and the quaditythe supporting historical data. Technology
developments that constantly alter the environmamid relationships within the society
(communications, transportation, machinery, eted an obvious cause for this limited value of
projections. Naturally other drivers of societalange exist such as demography, globalization,
religion, science, changes in political values aays of governance, although by one way or another
some connection to technological and economic deve¢nt always exists.

Anyway the fact is that our understanding of thenptexities of the human and natural world is not
enough to predict the future. Even so it is useuiry and foresee the road ahead. For making such
prospective studies possible, the concept of stenamas developed.

Scenarios are neither forecasts nor projectionsy thre internally coherent descriptions of the

demographic, social, economic and technologicakéespof possible futures. Today we understand
that they also imply a state of the Environmerg, ef the Climate, because the impact of humans on
the Planet has grown so large that it has veryifgignt effects upon the natural systems, viz.

Atmosphere, Water bodies, Cryosphere, Biospherach as local air, soil and water pollution, or

global warming. Taking this into consideration ath@ long distance interrelationships of human

communities that have been strengthening throughistary (with a large acceleration since the mid

20" century), these scenarios, these stories of thesfumust now be built for Earth as whole.

Grand views of the future are inspiring but actsgkentific studies require quantitative and dethile
data, whereas global scenarios are mostly quaktafirue, some quantification is usually provided f

a handful of parameters, such as rate of growthopiilation, gross domestic product per capita and
energy demand, often specified for regional blosrope, North and South Americas, East Asia,
etc.; or OECD, Asian developing countries, etc.owidver, both the spatial scale and the level of
detail available are not enough for performing itifie studies, which require much more parameters
and need to examine the regional or local spatiales. Thus for practical work it is necessary to
downscale the global scenarios; this text focusesi@thods for doing this.

Even if this document is not about building globeénarios, it is of course recommended to get some
knowledge on these matters. It would be redundamtigcuss them here: many excellent texts have
been written with this purpose. The document recermaad here for a novice on the subject is the
EEA Experts' Corner Report “Scenarios as tools ifdernational environmental assessments”
(Alcamo, 2001). There the concept of scenario iglagmed and the scenario types are discussed:
qualitative vs. quantitative, exploratory vs. aip@tory, baseline vs. policy scenarios. It presatgs
examples of scenarios and scenario developmenEutmpean Commission ‘Scenarios Europe 2010’,
the IIASA scenarios ‘Future environments of Eurgpké IMAGE scenarios ‘Global environmental
change in the 21st century’; the world water vissgenarios ‘The world water situation in 2025’; and
the Special Report on Emission Scenarios (SRES)thef IPCC (2000a,b). It discusses the
characteristics of good scenarios and proposesttirg-and-simulation (SAS) approach to scenario
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development. Both the SRES scenarios and the Sp®agh are of special relevance for the present
context, so the reader is urged to read at leagesgpective materials in this EEA Report.

The unigue importance of SRES in the climate chaugence context stems from the fact that it has
being used as for providing the emission scendhiat have driven most of the simulations of the
future climate under global warming. These viewsEafth's future climate are obtained by way of
Atmosphere-Ocean General Circulation Models, basadeather forecasting models but which have
evolved to be used for understanding climate ajepting climate change. In this context they are
referred to as Global Climate Models (GCMs). Prijgr climate change with GCMs requires the
changes in atmospheric composition; these are rdigted by anthropogenic greenhouse gas
emissions; and these in turn are a consequente aiocio-economic and technological scenarios, see
Figure 1.
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Fig. 1: The connection of socio-economic and technobigicenarios to climate scenarios.
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Therefore the SRES scenarios are actually theaanigidates when it comes to performing a coherent
downscaling of (simultaneously) future panoramasdemography, society, economy, technology,
emissions and climate. A short summary of SRESheiljiven here; Annex | provides more details.

)

The four SRES storylines represent different wutdres in two dimensions: a focus on economic or
environmental concerns, and global or regional kigweent patterns (see Fig. 2).
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Fig. 2 The SRES scenarios in short.

The four storylines can be briefly characterisetbdews:

(A1) Very rapid economic growth with increasing lggdisation; increase in general wealth, with
convergence between regions and reduced differémeegional per capita income. Materialist-
consumerist values predominant, accompanied bydalhological change. Low population growth.
There are three variants according to the maincesunf energy supporting this rapid growth: fossil
intensive (A1FIl), non-fossil fuels(A1T) or a balanacross all sources (A1B). The ALlFI variant is of
course the one leading to higher emissions andaglearming.

(A2) Heterogeneous, market-led world, with moredagmpulation growth but less rapid economic
growth than Al. The countries, regions within coi@s, etc. try to be more independent from others,
and preserve local identities. Economic growttegianally oriented, and hence both income growth
and technological change are very variable actwssvorld. Fertility patterns across regions congerg
slowly, resulting in high population growth.

Methodologies for downscaling scenarios. Date: 06/10/2008
Part I: Society and Technology. Public dissemination
Page: 7/33




)

(B1) Same low population growth as Al, but develeptriakes a much more environmentally
sustainable pathway with global-scale cooperatiahragulation. Clean and efficient technologies are
introduced. The emphasis is on global solutionstaoknology transfer to achieve economic, social
and environmental sustainability.

(B2) Population increases at a lower rate thanwA®y development following environmentally,
economically and socially sustainable, locally otésl pathways.

As mentioned before, Annex | gives more detailsSRRES. Other recommended documents to read
are IPCC (2000a, b), already referred, and Arriedl. 2004).

The numerical data for SRES, from 1990 to 21000aydars intervals, both by global and by world
regions and at a 1°x1° grid, can be obtained tha IPCC Data Distribution Centre at
http://www.ipcc-data.org/ , which for some accegsiome of the data will redirect to the website of
the Center for International Earth Science InfororatNetwork (CIESIN) at http://sres.ciesin.org/

(IPCC, 2003b). These data include:
Population;
Gross Domestic Product;

Final energy demand (breakdown as non-commercitdlss liquids, gases,
electricity, and others);

Primary energy supply (breakdown as coal, oil, gaslear, biomass, and other renewables);
Cumulative fossil resources used (breakdown as odabas);

Cumulative CO2 emissions;

Land use (breakdown as cropland, grassland, efogyass, forest, and others);

Anthropogenic emissions (breakdown as fossil fueRCother CO2, CH4, N20, SOx, HFCs,
PFCs, SF6, CO, NMVOC, and NOx).

Methodologies for downscaling scenarios. Date: 06/10/2008
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2. From global scale to ca. 50 km

A first step in downscaling is going from the glbbaorld region level to the level of country ldva

of gridded data, in any case with resolution bel@® x 0.5° — which depends on latitude, but say i
corresponds to about 50 km. Often the global seenhatready come specified by regional blocks of
nearby countries with about the same level of dgwekent and similar demographic and economic
drivers (e.g. Western Europe, South America, Eash, Aetc.); in fact many global scenarios are built
bottom-up from this level. So in practice it is assary to go from regional block level to country
level.

2.1 Concepts used for downscaling to ca. 50 km régton

Nowadays this step seems to have already beemdamt by one organisation or another, for most
global scenarios. For the methods applied, seeveug.Vuuren et al. (2006): they presented a typical
set of algorithms that provide downscaled SRES aiemata for population, GDP and emissions at
the country levels. These algorithms are typicabyernal-input based downscaling for population,
and convergence based downscaling for GDP and iemsséi.e. all countries within the regional
block tend to a similar level of demographical awbnomic development). In other cases a simple
linear algorithm can be used, viz. the relativengjgaof present to future values in the scenaribet
global level is applied to the current-day datthatlower level (country or gridded data).

In any case a general criterion is to ensure ctamgis, viz. that the data at the higher spatialuéisn
adds up, or averages, the input data at the gletbell.

2.2 Accessing existing scenarios’ data at ca. 50 kesolution

As mentioned above, numerical data for SRES glsbaharios already downscaled at country level or
gridded data is widely available and can be obthasfollows.

2.2.1. Population

A good first place to start learning how SRES papah downscaling for country level and for grid
cells is done, would be to download the slidesh®wifding a Projected Socio-Economic Database
for IPCC Climate Impact and Vulnerability StudieaVailable at the IPCC Data Distribution Centre at
the website of the Center for International EarthcieBce Information Network,
http://sres.ciesin.columbia.edu/tgcia/hm.html (AQES2002). Then Gutmann (2000), O'Neill et al.
(2002), Hilderink (2003) and Gaffin et al. (2004 aecommended more detailed documents.

Country level data p to 2100 can be downloaded ¥€Ef. or HTML tables from the above
mentioned IPCC Data Distribution Centre. Griddethd#t ¥4 degree resolution is also available, but
only as maps.

If more than just the total population data is regk@ good solution is to install the “PHOENIX glus
computer simulation model (NEEA, 1998; Hilderink(3), freely available from the Netherlands
Environmental Assessment Agency website at httpsvimnp.nl/phoenix/. It supplies SRES scenario
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data on fertility, mortality, population by age gm(cohort) and sex, for 17 major world regioms, f
40 European countries, or at grid-cells of 0.5 Bydegrees. Furthermore it is possible to modiéy th
assumptions and underlying data and explore thavialr of the demographic model at various
geographical scales. (Practical note — you wilbalwy need to setup your computer display to 16-bit
colours to be able to run the model properly).

2.2.2. GDP

Documents and data for Gross Domestic Product, doaved to country level, can also be found at
the IPCC Data Distribution Centre as identified\aho

2.2.3. General procedure

For downscaling these and other parameters of ltitmlgscenarios — final energy demand, primary
energy supply, land use and anthropogenic emissidghe most common procedure is using a simple

scaling method, as explained below (see also Fig. 3

() get the changPB in the parameter X of interest for the global fMd@egion area, from
baseline to future scenario (in general it is nadequate to expressas a relative change
in respect to the baseline, viz. as percent change)

(i) get the observed data for the higher spatial résole.g. country or gridded data statistics),
Xobdi), i = 1... nregions / grid cells;

(i) apply D to the observed data to get the future scenat& &g (i) = Xondi) x (1+D).

This procedure maintains the value of ihehange for the global scenario, i.e. adding uphigaer
resolution scale data (for the baseline or forfthere) the respective input global level datuml \wé
recovered.

Sometimes one can expect a convergence to the wadaa of the higher resolution data across the
area of interest, or in other words, a smoothinghefinitial geographical differences in the baseli

for a world region. For instance, say that coustitea region tend to adopt the same model for thei
development. This will even out differences in paegers like GDP, energy intensity (i.e. ratio of
final energy demand to GDP), anthropogenic emissfer capita, etc. For mimicking this behaviour
one can apply a smoothing of the differences toaberage of the future data computed with the
previous scheme. The process keeps the average wathhanged and can be stated as follows (see

also Fig. 3):
() get the deviations of future scenario data at tgkdr spatial resolution scale to the respective
average Valuejxfuture(i) = Xfuture(i) - E(Xfuture);

(i) apply a smoothing factdrto these deviationsiXre(i)’ = dXguurei) x T ;

(iii) get the final data at high resolution ag(i) = E(Xuture) + X suture(i)’-

Date: 06/10/2008
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Fig. 3: Example of a proportional downscaling procedbet includes
a convergence effect - case of a 40% increase.

Top all initial data (light blue) rises by 40% (delglpe), producing also a 40% rise in the mean level

Intermediate Differences of scaled data to the new mean level
are computed (light purple) and reduced by 50%k(darple)

Bottom to get the final scaled data (dark blue), theiced differences
computed in the intermediate step are added toghemean level
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3. From ca. 50 km to local level

3.1. Problems and strategies for downscaling to latlevel

While for intermediate spatial resolutions of, sa@,- 100 km, the linear scaling method is adequate
for finer spatial scales, say, 1- 10 km, it carabenost used as a first approach, a first guesstiate
the downscaling procedures. This happens becaus®afets of reasons.

Firstly, at the 1-10 km range it is no longer pbksto ignore the very specific characteristicghaf
territory, such as placement of urban areas, gaemnural spaces, hills and mountains, rivers,
industries, roads, etc. At 50- 100 km these featofegeography and human presence can be averaged
out, merged in an schematic description, and adtw approach such as proportional scaling is
adequate. Whilst at 1-10 km it does not make sengmore the existing variability, as its existens

in itself the main reason to perform the downscalin

Secondly, at high spatial resolution the studiesbéo performed required not just the general
information so far discussed, like population anmp®DP and energy demand, but a host of detailed
data. For instance in an study on the effects opaliution one may require population density, sex
and age distribution, travel time by transportatioode, periods of indoor/outdoor activities, gad an
particles emissions from point sources (e.g. chimariom industrial and other activities), line sces
(e.g. roads), and area sources (e.g. householdssemd boilers) — besides meteorological datagto b
discussed separately in Part Il. For instance serilge an industrial point source, one could reguir
industrial activity, flue gas and particle compimsit For characterizing emissions from roads one
would require, per vehicle type, number of vehicleaffic density, energy consumption per km,
sometimes even traffic speed and specific fuel .uSedcharacterizing, say, domestic emissions from
an urban area one could need number of dwellingsistics on the use of wood and oil-burning
stoves, boilers, ovens, etc. Such levels of detailonly be achieved with bottom-up models.

Recall that the advantage of a top-down schembaisit conserves the data values specified at the
lower spatial resolution. But only by chance (aidgdconsiderable experience from the part of the
modeller) this will happen for a bottom-up appraa€brtunately this shouldn’t be a problem in the
current context. Say we have the case of a coultftrthe scenario is to be downscaled at high
resolution for the entire country, the coherencehef output data at high spatial resolution wita th
input data at country scale should indeed be edsiet in practice this is seldom the case: most
often the downscaling is to be performed for a spait of the country, say, a coastal area, otya ci

The strategy to use for downscaling to high spaéablution is therefore to mount bottom-up models
for the data types desired, and then specify theleinparameters according to the (global and
regional) scenario characteristics.

The problem with this scheme is that, because wercspatial resolution only sketchy data are
available (population, GDP, etc.), the specificatiof most of the parameters for the bottom-up
detailed models becomes subjective, prone to bleeimted by the personal views, values and
experience of the researchers. A way out of thishauwlogical trap is provided in the following
section.
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3.2. The Story-And-Simulation (SAS) approach

To get rid of, or at least diminish very much, thebjectivity of the scenarios — potentially but
probably unavoidably introduced by the researchepsiblic discussion can be introduced. Hereafter
we propose an adaptation of the Story-And-Simutatipproach (SAS) — see Alcamo (2001) for the
original proposal. It consists on an iterative @®8 a sequence of scenario proposals, gradually
improved by way of criticism from scientists, exjsesind stakeholders:

1. A scenario team and scenario panel are estatllish

2. The scenario team decides on scenarios addptedriciple SRES, see Section 1), gets country
or / and gridded data for the region (see SectjprwBich will and provides the basis for a first

outline of scenarios.

3. The scenario panel revises country downscalimy @utline of scenarios, and constructs zero
order draft of storylines for the area, based srown interpretation of SRES drivers at World and

European level (see Annex 1).

4. Based on the draft storylines, the scenario tgaamtifies the driving forces of scenarios for the
area.

5. Based on the assigned driving forces, the miogetieam(s) quantify the indicators of the
scenarios (preferably laid down in a numerical njode

6. At the next meeting of the scenario panel, theeiling team reports on the quantification of the
scenarios and the panel revises the storylines.

7. Steps 4, 5 and 6 are repeated until an acceptddlit of storylines and quantification is
achieved.

8. The draft scenarios are distributed for genenakw.

9. The scenario team and panel revise the scertzases] on results of the general review.

10. The final scenarios are published and disteidbut

3.3. Practical application of a SAS method

Although the SAS type methodology described absvmare satisfactory than having just one burst
of scenario creation by a more or less isolatethighere are still many practical implementation
issues, in particular how to mount the bottom-uprdification models. Besides, various non-technical
problems can derail the scenario downscaling — fiteeobsession with details of the modelling to the
contamination of the panel opinions by short tesaueés.

3.3.1. Demography

For a sound outcome of a downscaling exerciserggemmended to invest in a demographic model.
This is because demography stands at the basel afthedr modelling, from building stock to
transportation activity, from energy demand to wagtneration, etc. One way or another all sectors
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are connected with population size and lifesty®gen some less obvious like area of forests and
natural reserves.

The already mentioned “PHOENIX plus” model is aamyple of freely available software that can be
used for the purpose, as it allows to modify theanlying population, fertility and mortality data
inputs. It is also possible to mount a specific dgraphic model for the region at hand. Indeed the s
called cohort-component model is quite simple tplement, and a specific implementation enables
more flexibility when dealing with the local aspgct

For the cohort-component model, initial populatidoisa region are grouped into cohorts defined by
age and sex, and the projection proceeds by ugp#tm population of each age- and sex-specific
group according to assumptions about three compsmépopulation change: fertility, mortality, and
migration. Each cohort survives forward to the nage group according to assumed age-specific
mortality rates. The calculation is made for edotetstep, and age and sex cohort. Usually five-year
age groups and five year time steps are used.

For the particular case of the youngest age grthg,number of births is calculated by applying
assumed age-specific fertility rates to female ctzhim the reproductive age span, usually 15-49. An
assumed sex ratio at birth is used to divide taitdhs into males and females.

Finally, it is necessary to account for migratiage- and sex-specific net migration rates appbaicth
cohort as well.

Multi-region local models are possible (e.g. urlzanmd suburban area of a metropolis), and in such
cases the migration components will have two coreptsy; migration in/out of the country, and
population transference between the sub-areas.

A final remark relates to family composition, inrfieular family size. This is related with the effe

of the so called demographic transition (see AnRexat a certain state of economic development,
urbanization and industrialization, the age pyramstiarts to show less youngsters and more senior
people. For SRES the demographic transition soonkater will occur in all scenarios — faster in Al
and B1, slower in B2, then A2.

According to the classical explanation, before dgraphic transition the families would expect some
of the children to die young, and spend not muchemdth each additional child, so it make sense to
give birth to numerous children. But economic maodzation leads to improvements in health and
nutrition that decreases mortality; at the sameetitnalso drives changes in economic and social
conditions that make children more costly to raied ends up reducing the benefits of large families
In plus the potential parents will tend to havesthehildren later in life than had been usual ist pa

generations, because it is when their income ikdrigind part of it can be diverted more easily to
rearing these children. However, the human bioliogyoses a practical limitation on this strategy, so
there is simply not enough time for having manydrein if the first one is born with the women age
near the end of her fertility years. For all thes&sons the average family size decreases.

Another reason for a reduced family size is extamsif life, meaning that the older cohorts will abu
with a considerable part (indeed the major sharéhe population and many of these seniors will be
living alone, including by widowing, in particularomen.
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More details on demography concepts and issuedearbtained from Annex 2 (cf. especially the
remarks on SRES scenarios) and e.g. the CIESINiigebs

3.3.2. Life styles

In particular for health studies, life styles amportant. The main feature of all SRES scenarios,
especially in Europe, is that the reliance on sewiincreases. This means that people in genesal st
more time away from home. Indeed more of the domesork is done by others, e.g. washing,
cleaning. Some activities like cooking and bathamgpome become rare as people from all ages resort
more to services such as restaurants, take-awaly fiymnnasiums, swimming pools and other sports
facilities (this is prompted by a higher concerthaliealth under higher life expectancy). Schoots ar
also more frequented by adults, as prompted byrémels towards more job mobility. Even at night-
time, higher income and education of the populaénables and inspires to attend to more activities
such as theatre, shows, festivals, and the likeeWdppropriate, these general characteristics madn a
should to be composed with the global and regi®RIES scenarios for GDP, e.g. use of services will
be more intense for A1 and B1 than for A2.

Another important indication from SRES scenariogelated to territory occupation and management,
with impact on the short range mobility (i.e. upsty, 100 km). Scenarios where local governance is
dominant (A2, B2) have more compact urban areas l@is need for transportation and especially,
commuting. For the scenarios that are richer ancerafficient in transportation (Al, B1), it will be
appealing live far away from the job. Thereforevél and especially commuting will increase; but
even in these cases a general reduction in tramestis foreseen.

As for the long range mobility (hundreds to thowsaonf km), SRES scenarios indicate that it will be
higher for the scenarios with more personal incocanel more efficient transportation (B1 and
especially Al).

A third useful kind of information relates to themé spent outdoors. It is not deduced from the SRES
socioeconomic scenarios directly but rather from plarallel climate scenarios. As global warming
progresses, the wintertime weather becomes warntemmre suitable for many outdoor activities —
from simple walks to hiking, jogging, biking, goEtc., with the exception of snow sports. This will
happen in particular for northern Europe and fer more continental climates, i.e. those away from
the coastal zones. However, in summertime, souttlermates and the more continental climates will
often become too hot for outdoor activities — exdep water related activities. This means that the
period and seasonal pattern of outdoor activitidsalvange, and change diversely according to not
only to the broad region where area of study isted, but also with its microscale characteristics,
such as being close to beaches, mountains, largs, @dc.

For other details of the life style patterns, thare no definite rules: the researcher must draw
inspiration from the general description of thenszéos and adapt them to the region of intereshgak
into account its specific characteristics regarajaggraphy, culture, etc.

3.3.3. Sector models

After having established the demography and GDRHerregion, sector models of human activities
are the next step. If there is no previous expexis these matters, a good place to start is {G€ IP
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IPCC Guidelines for National Greenhouse Gas Invégp which can be downloaded e.g. from
http://www.ipcc-nggip.iges.or.jp/public/2006gl/indatml (IPCC, 2006). The series consists of five
volumes, or which the more relevant are volume BAefBy), volume 3 (Industrial Processes and
Product Use), volume 4 (Agriculture, Forestry arttléd Land Use), and volume 5 (Waste).

Although assembled with the objective of providisgndard or default methods for estimating
greenhouse gas emissions, not really pollutantstoms to soil, water and air, the fact is thatltdter
very often originate in the same processes asdhmef: fuel combustion, use of fertilizers, waste
management, forest fires, etc.

The parameters for input into these models arevofkinds: emission factors and activity factorseTh
IPCC supplies a database of these emission fact&&EDB (see http://www.ipcc-
nggip.iges.or.jp/EFDB/main.php), but of course themlate to greenhouse gases. But in general there
are in the scientific literature emission factars dther pollutants such as particles, ozone, V@Es,
that can be substituted in the model expressiorss.fok the activity factors, they are adjusted
according to the scenario.

Besides these materials from the IPCC — a plastaid — there is of course an abundant specialized
literature on models for the processes releasitigtpots.

It also possible to use models programmed in iotesma software. Although this option is the most
appealing, it must be checked with utmost carevfiat input data the software needs and (ii) what
parameters can be modified. Indeed often a modglines detailed data, which the socio-economic
scenarios and/or the climatic scenarios can’t supidso it can be difficult or impossible to modify
the parameters that would enable and adjust ttueefgcenario.

3.3.4. Energy System

The SRES scenarios include data about final engegyand (non-commercial, solids, liquids, gasses,
electricity, and others) as well as about primamgrgy supply (coal, oil, gas, nuclear, biomass, and
other renewables), which can be usefully downscaexsbuntry level. However for a particular region
a proportional downscaling would be inadequatengipilly in the case of energy supply systems: one
can not, for instance, say that a certain areaaasifitain a quarter of a thermoelectrical power fplan
Some areas will contain large power plants, som@warbine parks... for urban areas there will be
solar systems and co-generation small plants, lgraetervices buildings.

Thus the quantified data provided by global SREShados is not much useful for downscaling to
high spatial resolution. Perhaps the most valuataliations for this purpose are (i) consistenndre
towards energy efficiency and (ii) a continuoussymg share of electricity in the energy demand.

Significant advances in energy efficiency for costimn based systems are also to be expected, for
instance natural gas and fluidized-bed coal contru$h furnaces as well as more efficient gasoline
and diesel engines. These trends reduce pollutamss®mns from each individual system.
Improvements in energy efficiency for combustiosdmhsystems are faster in the A2 scenario because
of concerns with security of supply of fossil fuelnd slower in B2, as it privileges cooperative
solutions like territory management, district hegtand cooling and public transportation.

In spite of these advances in energy efficiencycfanbustion based systems, for all SRES scenarios
the share of electrical systems will augment. Eigty already is dominant over combustion in many
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urban areas. This is particularly evident in theecaf buildings. However, the trend exists also for
industrial facilities and is already gaining vidity for transportation. Thus it can be expecteat ttor
instance, electrical furnaces replace fossil fugbddl furnaces; more electrical appliances in the
buildings, like microwave ovens and induction amgaenic cooktops; many more hybrid and then
fully electrical vehicles. Microgeneration — meamisolar thermal, solar photovoltaic systems, micro
wind turbines, geothermal heat pumps, etc., v#bancrease very much, especially for the A1 and
B1 scenarios systems.

All this means less pollutant emissions — at ldasally, where people live, as elsewhere in the
territory it may impact on emissions of, for instanthermoelectrical power plants, although evén th

IS not sure, as it depends on the circumstancéseogénergy supply system for the particular country
and scenario of interest. Anyway for a high spatésolution scenario remember that a change in
system type and efficiency must be composed with étolution in the number and use of these
systems. For example, for personal transportatian be foreseen that the share of gasoline and
diesel cars in the overall fleet will decrease, trad each will be less pollutant; however thetflaee

and the mobility (kilometers per passenger trad)lenust be also taken into account when estimating
the amount of pollutant emissions.

3.3.5. Natural areas

A final note is in order to mention that the SRE®marios also give some indications regarding
natural areas, not just for rural areas used ptodig (pastureland, managed forests, agricultural
land, etc.). For A2, some natural areas may beearted in urban or rural areas, due to the slow but
steady increase of population. Not so for the otbmgnarios, where population sooner or later
decreases, and urban areas contract, especi&@B. im fact the natural areas may expand; for Ay th
have economical value (tourism, etc.) and are meshagardened so to speak. For B1 and B2 they
have value as well, or mainly in the case of B2pmsliversity reserves. Their use is limited to a
certain load in B1, and in B2 they may even be rgadas wildlife reserves with very scarce human
presence.

However, in any scenario these areas have a higle ¥although less in A2), so the fire prevention
and fire fighting systems are highly efficient, piés the increase of the meteorological risk oé fir
with global warming.

3.3.6. Calibration, validation and uncertainty irogels

A common mistake when downscaling with bottom-ugpeie is to give too much attention to: (i) the
sophistication and complexity of the model; anfittie adherence of the model to the historical.data

Indeed for projections these issues are crucial.sdor scenarios and time scales of the ord&0of
50 or more years. Except for very crude algorittamd / or very badly calibrated models, it must be
realised that the behaviour of a model is essént@ntrolled by the scenario assumptions used,
which areexternalto the model. Uncertainty is dealt with by havanget of scenarios instead of just
one, not by trying to make theternal behaviour of a model more “realistic”.

Insisting on perfect fits to historical data and ionreasing the internal model complexity diverts
resources, complicates schedules, and is not atglarantee for better foreseeing the future thas
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adequate approach is not to do a deterministicigited, but rather to explore the future with
plausible scenarios.

In exchange it is recommended to focus more oridatibn”, which in this context means to examine
the model outputs and evaluate if they corresponehad with the expected global and regional
scenario characteristics. Long term behaviour iriigadar should be of concern: avoiding too fast
trends and those that lead to unfeasible situati&xamples of suspicious situations by 2050 or even
2100 would be: a too strong drop in population, e8§%; a value of 3 cars owned per person; zero
use of chemical fertilisers; 100 000 km / year pres mobility in average; no central power plants
needed; and many more. In particular for the mdobalized scenarios A1 and B1, the evolution
patterns of GDP, energy consumption per capita,skiould resemble those of the world as a whole;
and even for A2 and B2 they should resemble thbigeaespective world region.

3.3.7. Dealing with panels of stakeholders

As discussed before, the SAS scheme is interebticguse it should reduce the subjectivity of the
scenario downscaling which may be introduced, alifionot purposely, via the personal experience,
values and views of the modellers.

However the approach does have its weaknessemdtance the experience of Project SIAM, which
analysed climate change impacts for Portugal (SIANM002, 2006), in practice the discussions with
the panels of experts, and especially, of stakens]dvere often frustrating and eventually useless.

Indeed the panel participants almost always mustbriefed on the concept of scenarios, on SRES,
and on the sector models used, which leaves fitihe for discussions on the downscaled of the
scenarios.

Also the discussions are often contaminated bytdieom issues, for instance existing policies and
measures. These are viewed as much more imporigatgifor change than technology developments
or global warming, thus the need for making scerzan the first place is contested.

Another issue that usually surprises the pandlsaisthere are no “disaster” scenarios in SRE$adh
for Europe all the SRES scenarios show an impraypedity of life and of the environment: this is
seen to be against experience and/or expectatiespecially, it must be said, by older participants

And finally it is difficult to convey the meanind the scenarios; the stakeholders tend to view them
extreme, wrong or irrelevant predictions, not asupible storylines and views of the future that are
assembled to help us now in planning a more swdibirand agreeable society to live in.

Another example of the problems raised when fagagels that should help scenario building,
downscaling, impact studies and similar works, aedsible recommendation on how to act, are
provided in the following quote which refers to tixperience reported by Project ReglS (Holman et
al. 2005) that addressed impacts for UK areas.

“At a pragmatic level, there are fundamental diffiees in the construction of regional (sub-natipna
socio-economic scenarios (...) in particular the etekder engagement and dialogue process, is time
consuming. The time and resources required to dpubk level of spatial disaggregation required by
distributed models and by stakeholders (...) shoualdbe under-estimated. Although they are only
illustrative and deliberately intended to demortstithe potential for divergent futures and assediat
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changes, the speculative (but necessarily precise the need for quantification) nature of the dew
scaled scenarios means they are contentious andtailg subject to some disagreement. As
suggested by Parson et al. (2003), significant tiesdurces are specifically required to convey the
meaning, basis and limits of the scenarios. Inteaadithe level of spatial detail can render thém,
the eyes of some local stakeholders, as unacceptabtrayals of future development.

For example, the Regional Enterprise scenario faist EAnglia contained significant urban
development along the North Norfolk coast due tdeaire to have second homes in this affluent
scenario within this scenically attractive areawdwer, it was considered by a number of stakehslder
that this would not be allowed to happen unday circumstances. If we had shown the ‘same’
scenario (in terms of overall numbers of new homéhin the region) at a lower level of spatial
resolution, such strong opposition is less likadyhave emerged. What is an appropriate level of
spatial detail in a scenario to facilitate infornaidlogue, whilst avoiding instantaneous rejectiifl,
depend on the stakeholder and the specific cordext,the institutional history surrounding reseurc
management and development of a particular locale.”

In conclusion, the SAS approach proposed of impigthe downscaling of the scenarios is to be used
with caution when contacting panels of stakeholdewus if and when it fails for practical reasons t
work must progress even if it is necessary to biié&panels with the researchers themselves.

In Part Il of this document the downscaling of @tin data is approached.
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Annex 1. The SRES Scenarios

The main document to consult when trying to un@edtthe characteristics of SRES scenarios is the
Intergovernmental Panel on Climate Change (IPC@etil Report on Emissions Scenarios” (SRES)
itself (IPCC, 2000a). The documents describing thWAGE model from the Netherland
Environmental Assessment Agency (IMAGE team, 2G0#&)another good source for a first approach.
The text hereafter was based on these sources.

The IPCC developed sets of long-term emissionsasmsnin 1990 and 1992, which were widely
used, specially the one known as 1S92a. By 199&sarssment of these scenarios revealed that they
should be updated and sophisticated. Many teamd tis®r expertise about driving forces and
emissions, and the uncertainties involved, to abieffiuture socio-economic global scenarios. This
was done more or less independently but accordingommon storylines. The many resulting
scenarios progressively merged until only four scenfamilies were left: A1, A2, B1, B2. They
include a large range of plausible, internally aehé futures, and exclude only “surprise” or
“disaster” scenarios. The scenarios were given ddstead of names, to emphasize that no
preference or judgment was offered, nor probabditdf occurrence, nor hints for interpretation as
policy recommendations.

The storylines describe how the future can be inynscial, economic, technological, environmental
and policy aspects, which however can be condeaksd) two axes: (i) the degree of globalization
versus regionalization, or in other terms, the pnemce of local versus global governance, andh@)
degree of orientation of the society for materiabds and economic development versus social and
ecological values, see Fig. Al.

Al A2

B1 B2

Fig. Al: Schematic of the SRES scenarios.

These scenarios are not rigid, homogenous or sgéatolpoints. Some regions of the world may evolve
more in one direction, influencing the evolution aher regions. The scenarios mostly say what
happens if certain regions, values and mechanigmsne more dominant than others. It is important
to remark that none of the scenarios includes neulicit climate policies, e.g. emission mitigation
measures additional to the existing ones.
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Al.1. Global storyline of scenario Al

“The Al storyline and scenario family describesutufe world of very rapid economic growth, low
population growth, and the rapid introduction ofwn@nd more efficient technologies. Major
underlying themes are convergence among regiopsacitg building and increased cultural and social
interactions, with a substantial reduction in regiodifferences in per capita income. The Al saenar
family develops into three groups that describeraditive directions of technological change in the
energy system. The three Al groups are distingdidine their technological emphasis : fossil
intensive (A1F); non-fossil energy sources (Al®tamced across all sources (A1B).” (IPCC, 2000a).

Key elements of this scenario are:
material prosperity is the key driver for peoplenas! as governments
technology is the market-force-driven engine bel@odnomic growth
governments have mostly a regulatory action, eximeome cases like defence and justice
communication and trade lead to a 'global culture'

globalization, liberalization and privatizationtids intensify.

Characteristics resulting from these drivers:

very high economic growth where industrialized dess-industrialized countries converge,
thanks to entrepreneurial dynamics and the disappea of barriers in trade flows and
movement of capital and labour, with a resultaptdaechnology transfer

economic prosperity spreads within 2-3 generatifvom elites to most of the population,
reducing the existent income gaps within regions

presumed correlation between income, desired famibe and health services causes a
slowdown in population growth to 9 billion by 205€&clining to 7 billion in 2100

the leading consumer trend is towards fast-fooghmeat, Western-style diet

high rate of innovations and capital stock turnpegrd transition to a service- and experience-
economy, allow a continuing decline in energy- araterial-intensive economic activities

rising income allows to direct more resources foisg environmental issues such as urban air
pollution, industrial water pollution and resour@eerexploitation; internalizing external costs

is the main policy instrument.
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Al.2. Global storyline of scenario A2

“The A2 storyline and scenario family describesgesy heterogeneous world. The underlying theme is
self-reliance and preservation of local identitiesttility patterns across regions converge veswhi,
which results in high population growth. Economiwelopment is primarily regionally oriented and
per capita economic growth and technological chamganore fragmented and slower than in other

storylines.” (IPCC, 2000a).

Key elements of this scenario are:

cultural identity and traditional values are dommihaver other values

suspicion about the ability of technology to impeavelfare
governments have a strong role, including marketierence

the role of governments confined to upholding tbkes of the game' and such accepted
domains as defence and justice

protectionist orientation and suspicion of globatian

pluralism in styles of governance, economic régimegployment skills and organization,
resource management and the like.

Characteristics resulting from these drivers:

Business-as-Usual economic growth in industrializedgntries, but slow economic growth in
less-industrialized countries.

a slowdown in the demographic transition in leshistrialized countries, resulting in a
continuous population growth up to some 14 biliiei2100 (recently this feature of A2 was
found to be improbable, overestimated).

large gaps in economic prosperity between and mwitigions.

regions oriented towards local/regional factorpraiduction (labour, resources) in their
organisation, technology and trade, and form regjialliances/blocks.

resource issues within some regions are increastaghinate (economic and demographic)
development - the environmental and resource [aiss

less valuation of material prosperity and more easghon traditional values, with revival of
traditions and religions.
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Al.3. Global storyline of scenario B1

“This scenario assumes continuing globalizatiord actonomic growth, and a focus on the
environmental and social - immaterial - aspectdifef We interpret it as the continuation of a
balanced, transformed 'modernization’ process. (Bavee at all levels and regulated forms of market
capitalism are seen as the way forward. It inclutiesstrengthening of NGOs concerned about issues
of sustainability and equity. A modest and deceotldv bureaucratic, regulated, but also in seafch o

fairness and sustainability.” (IPCC, 2000a).

Key elements of this scenario are:
material prosperity supplemented with concern asbal and regional income equality and
environmental integrity
technology is a means to an end, not the end, leomuldsbe directed by societal concerns
governance is effective at each scale level ugiegstibsidiarity principle; a stronger role for
the United Nations emerges

communication and trade nourish the developmeat'gliobal culture’ but using global rules.

Characteristics resulting from these drivers:

high economic growth where industrialized and lesisistrialized countries converge, with a
progressive removal of barriers in trade, and iveneent of capital, labour and knowledge

active government policies to spread economic pagpthroughout the population

rising income in combination with the educationwadmen, family planning programmes and
primary health care cause a slowdown in populagi@wth to 9 billion by 2050, declining to 7

billion in 2100

emphasis on quality-of-life accelerates the trémsito a service- and experience-economy.
This in combination with regulations and financiatentives, leads to a rapid decline in
energy- and material-intensive economic activities

as people become more open (more income and eclictdithe need for sustainable forms of
development, governments can effectively solve renwmental problems using regulation,
ecotaxing and burden-sharing as the main polidyungents.

Date: 06/10/2008
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Al.4. Global storyline of scenario B2

“The B2 storyline and scenario family describesaalavin which the emphasis is on local solutions to
economic, social, and environmental sustainabilitys a world with moderate population growth,
intermediate levels of economic development, asd tapid and more diverse technological change
than in the B1 and A1l storylines. While the scem#ialso oriented toward environmental protection

and social equity, it focuses on local and regidenals.” (IPCC, 2000a).

Key elements of this scenario are:
material prosperity supplemented with concern aboegional income equality and
environmental integrity

technology is a means, not an end, and shouldrbeted by societal concerns
governance is effective at the national and redileval, not at the global level

communication and trade emphasize local and rebati@are and advantages.

Characteristics resulting from these drivers:

medium economic growth with slow convergence betwedustrialized and less-industrialized
countries, with ad-hoc bilateral agreements onretiaatt] capital, and labour movements

active government policies to spread economic pndtgpacross the regional population

rising income in combination with education of womdamily planning programmes and
primary health care slow down population growti@s11 billion by 2100

quality-of-life orientation in combination with rempal resource scarcity facilitate the transition
to a service economy which, in combination withulagons and financial incentives, lead to a
decline in energy- and material-intensity of ecoiattivities

as people become more open to the need for andargle of more sustainable forms of
development, governments can effectively solve renwnental problems, with regulation and
ecotaxing as the main policy instruments.

Date: 06/10/2008
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A1.5. Global scenarios compared

Global Demography, Economy and Values

Population

Governance Globalization, very

and Values

Attitude
towards
environment

Equity

Al

Stabilizing
(9 billion in 2050)

high-growth high-
tech

Market-based

capital and labour

allocation

becomes a priority

when income is
high

Orientation on
profits and
[technological]
opportunities

Convergence in
regional income

and rapid diffusion

of technology;

no
trade barriers

Bl

Al

Balanced
government and
market in
[economic]
development

high-priority

Orientation on non-
material quality of

life aspects.

Convergence in
income and rapid
diffusion of
resource-efficient
technology

A2 B2

Growing Growing

(13.5 billion in (stabilize to 10.5
2100) billion in 2100)
slowdown in in some regions

slowdown in
fertility decline
with lower income

fertility decline
with lower income

Focus on regional = A2
[cultural] identity
Protectionism; in  act locally to

some regions poor jmprove globally
functioning markets

and institutions

low-priority; non-  high-priority
effective in global
environmental

issues

Orientation on non-
material quality of
life aspects.

No convergence in Varied regional
regional income economic and
and slow diffusion technology

of technology; developments

strong
trade barriers
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Global Energy Systems

Al

Coal userisesin = Al and B1,
many regions: but relying more
seen as cheapest on local biofuels
available fuel as

Preference for =Al
clean fuels and

fast depletion

cause fossil fuel

Energy
supply

prices to rise.

Global Food Systems

oil and gas
become more
expensive/
unavailable.

Volume of trade Fast increase =Al Moderate =A2

in food and feed increase

Food and Fast increase =Al Slow increase Moderate

livestock but higher increase

productivity efficiency of (supported by
fertilizer use biotechnology)

Per capita Fast increase =90% Al Slow increase Moderate

consumption (tied to GDP by 2050 (tied to GDP increase

of livestock increase) =80% Al increase) (tied to GDP

products by 2100 increase)
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Global Trends Visualized

Al.6. Scenario flavours for region Europe

While for most world regions the SRES scenarioslynaifferent development paths, for developed
countries and for European countries in partictiiarscenario storylines are less far apart.

Indeed and in spite of significant differences kedtw European countries, comparing Europe with the
World as whole it can be seen that many items heaehed or are reaching a mature stage, including:

high population density; concentrated in urban anburban areas; growth modest or even
negative, partially compensated by immigration; pgeamid balanced; high and still increasing

life expectancy, education, income per capita;

high meat consumption, but declining due to coneeith health under higher life expentancy;
high food and livestock productivity; trend towardss reliance on fertilisers and better use of

water;

high perception of, and already medium to highnisidor, environmental problems;

fast production and diffusion of knowledge and tembgy; high, but decreasing, energy
intensity; growing energy efficiency and effort ise of non greenhouse gas emitting energy
sources

relatively high GDP, regulated markets, trend tasanore services, few internal trade barriers;

high mobility; large capital already accumulatednfrastructures, buildings, roads, railways and
airports; intense circulation of materials and joicid.

Date: 06/10/2008
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This makes the scenarios more similar in Europe iatrdduces in them some specific concerns.
These are sketched in the Tables bellow, to be aosdpwith those presented for the global level; but
keep in mind that the list above anyway holds f@rg scenario, just with differences of degree.

Note also that these views are a specific inteatimt of SRES, other teams can have diverse views i
some details.

Demography, Economy and Values in Europe

Al Bl A2 B2
Population Maximum around = Al Very slow growth, = A2
2030, then mainly supported
declining by immigration
Governance Globalization, very = A1l Focus on regional = A2
and Values  high-growth high- [cultural] identity
tech
Market-based Balanced Protectionism “Think local,
capital and labour governmentand  towards other to act global”
allocation market in regional blocks
[economic]

development

Attitude Priority, High priority Moderate priority;  High priority
towards increasing concern non-effective when
environment negotiating global
issues
Natural areas Natural areas Natural areas Natural areas

steady; managed increase; managed decrease somewhe increase; managed
for their economic for their economic managed for their as wildlife reserves

value and wildlife value  economic value

Equity Orientation on Orientation on non- Orientation on Orientation on non-
profits and material quality of  profits and material quality of
[technological] life aspects. employment life aspects.
opportunities. opportunities.

Fast convergence Fast convergence Convergence of all Slow convergence

of all European of all European European countries of all European

countries countries countries
Methodologies for downscaling scenarios. Date: 06/10/2008
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European Enerqgy Systems

Al

Energy All types and Large effort to Trends toward Trends toward
supply origins of energy decrease substitution of oil  substitution of oil
sources dependence on oil and natural gas by and natural gas by
and natural gas  coal biofuels
Increase of Fast increase of Slow increase of Growth of
renewables and the contribution  renewables and renewables
nuclear but with  and share of nuclear slowed down by
slow share growth renewable; environmental
significant but constraints;
less so for nuclear nuclear declines

European Food Systems

Volume of trade Imports grow, Imports grow, Slowdown on  Aim is almost
in food and feed from all but less so for  imports self-sufficiency
regions distant regions
Food and livestock  Steady Livestock Steady According to
productivity declining regional
characteristics

and tradition

Per capita Declines =Al Slow increase  According to
consumption after 2030 regional

of livestock products availability
Methodologies for downscaling scenarios. Date: 06/10/2008
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Annex 2. Demographic models

According to the United Nations Multilingual Demagihic Dictionary, demography is a scientific

study of human populations, primarily with respirtheir size, structure and development. In other
words, it concerns with the current size and chiaretics of human populations, how they were
attained, and how they are changing.

Uncertainty in demographic projections so far hagrblarge. So the exploration of a country’s
demographic future should include bothiaage of possible outcomes andpaobability attached to
each outcome.

Statistical agencies traditionally deal with thecemainty of forecasting population variables by
producing two or more forecasts of fertility or radity (or both), and then calculating a range of
forecasts. However there are two drawbacks: firstprobability is attached to the intervals; segond
the use of high and low variants is unrealistic armbnsistent from a statistical point of view (Alh
and Spencer 2005).

In the context of SRES, the uncertainty can betdeidh using the existence of four scenarios.
Therefore a deterministic model, tuned for eachnaiie, is adequate in this case for demographic
projections. Equal probability is assigned to esadnario, by concept itself of SRES.

Population forecasting generally uses the cohartpament method, see the main text, section 3.3.

The concept ofdemographic transitioris important and reflects a common sequence ohteve
observed over the past two centuries in the moreldped countries. While different societies
experienced the transition in different ways, iodd outline these societies have gradually shifted
from small, slowly growing populations with high nality and high fertility to large, slowly growing
populations with low mortality and low fertility (kodel and van de Walle, 1979). During the
transition itself, population growth accelerateséiese the decline in death rates precedes thendecli
in birth rates. The earliest attempts to explaim demographic transition cited industrializatiord an
urbanization as the ultimate driving force (Notestel945). According to this classical transition
theory, economic modernization leads to improvesient health and nutrition that decreases
mortality; at the same time it also drives charigesconomic and social conditions that make childre
more costly to raise and ends up reducing the henaf large families. Therefore families then to
invest in less children, taking into account tteg tisk that they die young is low. In plus theyéda
these children later in the life of the parentsithad been usual in past generations, becauselites
they can divert more income to rearing these obildr

For SRES the demographic transition sooner or {atéoccur in all scenarios — faster in A1 and B1,
slower in B2, then A2.

Traditionally, long-term projections have assumaédt tfertility in all countries would eventually
stabilize at replacement level, leading to a statigp population. This is supposed to happen also in
SRES; however, for the global scenarios, as eadhtgois in a different stage, it leads to various
projections according to the scenario.

Migrations are more difficult to project than fétyi or mortality. In SRES migration between
countries depends on the governance style. In A1Bdnthe countries tend to have less net migration
(all countries converge to a similar economic depeient, thus low income will not be a strong
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reason to immigrate). In contrast in B2, and esplgcin A2, significant migration to more rich asea
can be expected: for instance, from Sub-SaharanaAinto Europe.

For short-term purposes accurate baseline dataopulation size and age structure, as well as on
fertility, mortality, and net migration rates, atgtical to producing accurate population projectio

However for long term scenarios such as SRES tengstions used for the future have the prominent

role, and a tight calibration to historical datan@ critical.
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