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Global climate change represents an unprecedented threat
to human and natural systems. Climate is changing as a
result of human activities through the emissions of green-
house gases to the atmosphere and through profound
changes in land use. Two broad types of complementary
respanses can be identified: adaptation and mitigation.

Adaptation is the response to the effects of climate change
of the various socio-economic and biophysical sectars upon
which it has an impact. In order to develop and initiate
adaptation processes, it is first necessary to identify the
impacts of climate change. Mitigation attermpts to deal with
the causes of climate change. The United Nations
Framework Convention on Climate Change and its Kyoto
Protocol are two major international attempts to address
the issue of mitigation.

This report is a summary of the full version of the S1AM
Project, which will include the results of the work produced
by all the groups mentioned above and will be published
in 2002. The SIAM team felt that it would be useful to
make available as soon as possible, to the general public
and policymakers, conclusions and recommendations of the
work done during the last two years. This summary focuses
on the researchers” main canclusions regarding the impact
of climate change upon various human and natural sys-
tems and their main recommendations regarding adapta-
tion measures and priority needs for future research.
Readers are strongly urged to refer to the forthcoming full
version, especially regarding the details of scientific and
methodological issues and references,

The purpose of SIAM is to study and report on what is
presently known about the potential consequences of cli-
mate change for Portugal in the 21* century. SIAM started
in June 1999 with the objective of carrying out the first
integrated vulnerability and adaptation assessment of cli-
mate change in Portugal. The work focuses on a core set
of socio-economic and biophysical impacts and is based on
climate scenarios produced by climate models. The project
is divided functionally into ten groups. Of the ten groups,
seven worked on the impacts and adaptation on specific
sectors, namely, Water Resources, Coastal Zones,
Agriculture, Human Health, Energy, Forests and Biodi-
versity, and Fisheries. The remaining groups worked on
Climate, Socio-Economic Scenarios, and a Sociological
Analysis of Climate Change Issues in Portugal.

This first integrated assessment could not attempt to be
fully comprehensive. Future assessments should consider
other important sectors such as Insurance, Tourism, Soil and
Land Resources and Urban Areas. It was also not possible,
during the time available, to extend the assessment to the
Autonomous Regions of Acores and Madeira. In this first
assessment stakeholders such as, for example, public and
private decision-makers were not involved. Furthermore,
no attempt was made to evaluate the practicality, effec-
tiveness or costs of potential adaptation measures. These
and other issues will be addressed in the second phase of
Project SIAM, to be funded by the Direccdo-Geral do
Ambiente (Ministério do Ambiente e do Ordenamento do
Territdrio)

The weather at a given place and time is the state of the
atmosphere in that location and time and to describe it we
need to know the values of the meteorological variables,
namely, temperature, precipitation, wind, pressure and
humidity. The ensemble of weather events in a given loca-
tion defines the climate in that place. Thus climate is,
loosely speaking, the “average weather.” More rigorously,
climate is the statistical description, in terms of the mean
and variability, of the meteorological variables over a period
of time ranging from months to thousands or millions of

years. The minimum period of time needed to define the
climate of a given location, as adopted by the World
Meteorological Organization, is 30 years,

Climate change implies a statistically significant variation in
either the mean climate or in its variability that occurs for
an extended period of time, of the order of decades or
longer, Studies of the Earth reveal that its climate has
changed all along its history, since about 4,500 millian
years. Climate change may result from natural internal
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processes or natural external forcings and also from anthro-
pogenic changes in the composition of the atmosphere or
in land use. The United Nations Framework Convention on
Climate Change defines “climate change"” as resulting
directly or indirectly from human activity and defines "cli-
mate variability” as climate change attributable to natural
causes. The IPCC uses a different definition, namely,
“Climate Change refers to a statistically significant varia-

tion in either the mean state of the climate or in its varia-
bility, persisting for an extended period (typically decades
or longer),” without specific identification of the causes of
change.

The earth's environmental history indicates that even small
changes in climate can have quite profound consequences
for society and environment,

We have seen that climate change can have either natural
or anthropogenic causes. The most important natural exter-
nal forcings that induce climate change by affecting the
earth’s energy balance are changes in solar luminosity and
in the parameters that define the earth's orbit around the
sun. Changes in the Earth's orbit occur slowly over periods
ranging from about 20,000 to 400,000 years and are
thought to be responsible for the alternation of glacial and
interglacial periods.

Anthropogenic climate change results mainly from changes
in the composition of the atmosphere, especially as regards
greenhouse gases (GHGs). The most important GHGs in
the atmosphere include water vapour (H.O) (which is the
maost important), carbon dioxide (CO;) (the most important
GHG whose concentration is being increased by human
activities), methane (CH,), nitrous oxide (N,O) chlorofluo-
rocarbons (CFCs), hydrofluorocarbons (HFCs), perflouro-
carbons (PFCs), sulphur hexafluorid (SF;) and ozone (O;).
GHGs are those that absorb and reemit infrared radiation.

For the global average temperature in the lower atmos-
phere (troposphere) to be relatively stable over time there
must be a balance of the absorbed solar energy and out-
going energy radiated away in the infrared region of the
spectrum. This balance depends crucially on the concen-
trations of GHGs in the atmosphere and also on cloud cover
and surface albedo. When the concentration of GHGs is
increased, more of the infrared radiation emitted upward
from the surface and lower atmosphere is absorbed by the
GHGs trapping more energy near the surface and causing
the temperature of the lower troposphere to rise. This phe-
nomenon is referred to as radiative forcing. The blanketing
effect that results from the presence of GHGs in the earth's
atmosphere (natural greenhouse effect) raises the average
surface temperature of the earth by about 32°C from —18°C
to 14°C.

Since 1750, the atmospheric concentration of CO; has
increased by 31% to a present value of 365 ppmv (parts
per million by volume) and many independent studies con-

fitrm that this rise is due to the combustion of fossil fuels
(coal, oil and natural gas) and to land-use change, espe-
cially deforestation. According to paleoclimatic data, the
present CO, concentration has not been exceeded in the
past 420,000 years and likely not in the past 20 million
years,

Combustion of fossil fuels is currently adding mare than &
GtC/year (10" Kg of carbon) to the atmosphere. About
75% of the anthropogenic emissions of CO; to the atmos-
phere during the past 20 years resulted from fossil fuel
burning, while the rest was mainly due to land-use change.
The increase in atmospheric CO; concentration from 1750
to 2000 is responsible for about 60% of the radiative for-
cing in the atmosphere caused by all the anthropogenic
emissions of GHGs during the same period of time. In other
waords, the increase in CO; emissions since the start of the
industrial revolution is the main cause (but not the only
cause) for the anthropogenic greenhouse effect. Human
activities also produce aerosols (mainly from fossil fuel and
biomass burning) in the atmosphere, which are short-lived
and mostly tend to reduce the global warming effects pro-
duced by the anthropogenic GHGs.

Based on the scientific understanding of the greenhouse
effect, increasing the atmospheric composition of GHGs
should cause climate change and especially global temper-
ature to rise. In order to have physically consistent projec-
tions of future climate it is necessary to develop models of
the earth's climate system that incorporate the most impor-
tant physical principles and processes that determine cli-
matic conditions. Presently the most comprehensive climate
models, called General Circulation Models (GCMs), involve
the coupling between the atmosphere, ocean and sea-ice.
They provide a comprehensive representation of the cli-
mate systerm and simulate the evolution of wind, tempe-
rature, rainfall, snow cover, soil maisture, sea ice, ocean cir-
culation and other variables for the entire globe over
periods of decades to centuries. One way to evaluate the
level of confidence that can be placed in such models is to
test their ability to simulate past and present climate.



Temperature records indicate that the global average sur-
face temperature of the atmosphere has increased since the
middle of the 19" century and, during the 20" century, the
increase has been 0.6 £ 0.2°C. Most of the warming in the
20" century occurred during two periods, 1910 to 1945
and 1976 to 2000. Current climate model simulations for
the 20" century are in agreement with the observed trends
in the termperature and indicate that the warming is unlikely
to be entirely due to natural causes. Furthermore simula-
tions of the climate using GCMs indicate that most of the
observed warming over the last 50 years is likely to have
been caused by the anthropogenic increase in GHGs con-
centrations. It is also very likely that the warming of the
troposphere has contributed significantly to the observed
sea level rise in the range of 10 to 20 em, during the 20"
century.

Fossil fuel use around the world is expected to continue. It
is therefore clear that the concentration of CO, and of
other GHGs in the atmosphere will continue to increase
during the 21% century. These increases are very likely to
cause climate change and prudent risk management
demands an assessment of the impacts of future climate
change.

In order to achieve this goal, reliable and tested climate
models are needed. However, we also need to consider
future socio-economic and technological developments,
since these determine the anthropogenic emissions of
GHGs to the atmosphere and have an influence on the
nature and magnitude of the impacts of climate change.

In conclusion, a plausible and often simplified description
of how the future may develop is needed in order to
address the problem of determining the impacts of climate
change. These descriptions are called scenarios and are
based on a coherent and internally consistent set of
assumptions about the key driving forces and interactions.
The most important scenarios in climate change studies are
the climate scenarios, that present a representation of the
future climate, and emissions scenarios, that present a re-
presentation of the future emissions of GHGs and aerosols
according to different development paths,

The climate scenarios presented in this work involve climate
projections based on the simulation of the evolution of the
climate system using GCMs. They are not predictions of the
future climate because they depend on emissions scenarios
which are inherently unpredictable in a deterministic sense
because they involve human and social actions.

It is very important to emphasize that future emissions of
greenhouse gases and aerosols, their effects on the climate
system and the resulting environmental and economic con-
sequences are subject to uncertainties. The clear presenta-
tion of these uncertainties is very important to facilitate the
task of the public and policymakers to devise strategies of
risk reduction. In an assessment of climate change impacts
and adaptation measures there are uncertainties involved
in various steps of the assessment process. There are uncer-
tainties in the greenhouse gas emissions scenarios. The cli-
mate scenarios result from simplified model simulations of
the climate system that cannot capture its full complexity,
especially at regional and smaller scales. There are also
uncertainties in the socio-economic scenarios needed fo
estimate future impacts of climate change. Finally there are
uncertainties in the assessment of impacts and adaptation
Measures.

Uncertainty implies anything from high confidence, just
short of certainty to informed guesses or speculation.
Uncertainty results mainly from lack of information lack of
knowledge of the scientific processes, statistical variation,
measurement error, variability, approximation and subjec-
tive judgement. Some categories of uncertainties can be
expressed in terms of probabilities but others cannot. At
present, it is not possible to estimate the probability of dif-
ferent projections of the human-induced global warming in
the 1900-2100 periad. On shorter time scales of the order
af 50 years it is now becoming possible to provide a pro-
babilistic forecast of the warming rate. In the present report
we have tried to identify the most important uncertainties
and to use the set of terms adopted by the IPCC to indi-
cate specific likelihoods: virtually certain (99% or more),
very likely (90 to 99%), likely (66 to 90%), medium likeli-
hood (33 to 66%), unlikely (10 to 33%), very unlikely (1
to 10%) and exceptionally unlikely (1% or less),




Mainland Portugal has a mild Mediterranean climate with
mean annual air temperatures varying between 7° Cin the
inner highlands of the central region to 18° C in the south-
ern coastal area. Mean annual precipitation is slightly above
900 mm with a much greater spatial variability. In the
northwest mountains the mean annual precipitation is
above 3,000 mm {one of the wettest locations in Europe)
but in southeast Alentejo it is only of the order of 500 mm.

The mean annual air temperature of the mainland in the
period between 1931 and 2000 shows an increasing trend
since the 1970s, with the six hottest years in the last 12
years (Figure 1). The data for several climate stations shows
twao distinct warming periods 1910-'45 and 1976-2000, in
agreement with temperature trends observed at the global
scale. The observing warming rate since 1976 was signifi-
cantly larger than during the 1910-'45 pericd. On the
other hand, the increase in mean temperature results from
a faster rise of the daily minimum temperature than of the
daily maximum temperature. As a result, the diurnal tem-
perature range has decreased in many climate stations.

Precipitation data in the period between 1931 and 2000
shows a generalized but weak decreasing trend that
becomes more pronounced after 1976. Since that year
there is also a significant difference in precipitation trends
between seasons, with a systematic reduction of spring pre-
cipitation all over the country, partially compensated by less

coherent changes in the other seasons. In all, changes seem
to imply a somewhat shorter rainy season.
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Fig. 1 — Mean air temperature in Mainland Portugal: regional average
in the period 1931=2000.

Climate data for the mainland shows a tendency for some
increase in the frequency or intensity of extreme weather
and climate events in the latter half of the 20" century.
Changes are clear in temperature related climate indicators,
as a consequence of the observed warming trend, but are
less conclusive when one considers precipitation. We note
that the number of consecutive dry days shows, in general,
an increasing trend. The maximum 5-day precipitation
total, which is an indicator of flood producing events, is also
increasing. Furthermore the observed climate data shows
an increase both in the frequency of heavy precipitation
events and in the frequency of severe and extreme
droughts, particularly in the southern regions for the last
ten years.

In recent years, different GCMs have been used to produce
climate change scenarios for the 21* century. Given the
uncertainty in the emission scenarios, most GCMs imple-
ment scenario 1592a, one of the central scenarios selected
by IPCC that leads to a doubling of the GHG radiative forc-
ing by the end of the 217 century. Some GCM simulations
include the effect of sulphate aerosol emissions.

Time series of mean temperature anomalies (departures
from the control scenario) in the Iberian Peninsula obtained
from different GCMs implementing scenario 1592a (data
available through the IPCC Data Distribution Centre)
(Figure 2) show a clear upward trend and a significant
warming in the 21 century. The average Iberian tempe-
rature increase is of the order of 1°C, comparable with
observed data. By 2100 most GCMs project a temperature
increase in the interval 4-7°C. As expected, the uncertainty
in the temperature anomaly grows with time.

Annual precipitation anomalies were obtained for the
period 2070-'99 from the same GCMs, at 3 grid points
falling in Portugal {centre and south) and Galiza, 5pain
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Fig. 2 = Predicted evolution of the mean temperature in the Iberian
Feninsula as given by different GCAM simulations.

(north) (Figure 3). All but one of the model runs indicates
a decrease in precipitation. However the magnitude of the
decrease is strongly model dependent, particularly in the




centre and south. A decrease in precipitation of the order
of 100 mm/year appears to be a likely scenario.
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Fig. 3 — Annual precipitation anomalies in western |beria as given by
different GCMs in the three grid points near Portugal. Mote that the
grid paints differ from model to model.

Climate change also affects the annual precipitation cycle.
The general pattern of the monthly precipitation distribu-
tion, obtained with the same set of GCMs, indicates an
increase in winter, a substantial decrease in the spring

months, particularly April and May, and weaker signals in
the summer and autumn months.
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The horizontal resolution of GCMs is typically of the order
af 300 km, implying that, at most, only two grid points fall
within mainland Portugal. This resolution is insufficient to
assess the impacts of climate change in many sectors such
as water resources, agriculture and forests. For that reasan,
this study is mainly based on regional climate change sim-
ulations produced by the HadRM model, which is a regional
version of the Hadley Centre climate model that was run
for the European area, with a haorizontal resolution of 50
km and boundary conditions given by one run of the
HadCM2 GCM.

The control simulation of the recent climate of mainland
Portugal obtained with the HadRM regional maodel satis-
factorily represents the observed climate, with its main
spatial variations, although it has a slight cold bias (0.5 to
2°C in the mean temperature) and a slight wet bias. This
gives some confidence to the regional climate change sce-
narios used in the present impact assessment. The HadRM
climate change scenario corresponds to the time interval
2080-2100. For this period the projected average mini-
mum temperature in winter (December, January,
February) varies between & and 16°C while in the control
simulation of the present climate it varies between 2 and
12°C. The average maximum temperature in summer
(lune, July, August) suffers an even greater increase (Figure 4),
up to 9°C, reaching more than 38°C in east Alentejo. The
number of days with maximum temperature greater than
35°C increases significantly all over the country. In the
southeast it increases from 20 {control simulation) to 90
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Fig. 4 — Summer [June/July/August) maximum temperature in mainland Portugal obtained with the Regional Climate Model HadRM for the a) con-

tral rum; b} increasing CO; simulation GGO2 (2080-2100 period).
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days, while in Lisbon it increases from & (control simula-
tion) to 50 days.

The regional model predicts a decrease in the annual pre-
cipitation in almost the whale country by up to 15% of the
control simulation results in the Alentejo. The precipitation
increases in winter by 20-50% and decreases in all other

seasons. The most important decreases ocour in spring (up
to 30%) and in the autumn (35-60%). Furthermore, the
aceumulated precipitation in heavy rainy days (>10
mm/day) tends to increase and to concentrate in winter.
This pattern of change may increase substantially the risk
of flooding episodes.

According to the MNational Water Plan, the average annual pre-
cipitation is about 960 mm/yr. The spatial distribution of pre-
cipitation in the mainland is very far from uniform, with the
Tejo river basin constituting the transition between the wetter
north and the drer south. The northwest rver basins, north
of Douro, experience annual rainfall values of approximately
2,200 mm/yr while the Guadiana basin receives only 570
mm/yr. Precipitation has also a marked seasonal distribution
pattern with 70% to 80% falling in the months of Movermber
to April. Furthermore, it has a strong inter-annual variability;
for example in the 1940-"91 period the mean annual pre-
cipitation varied between 550 mmdyr and 1,450 mm/yr.

Partugal shares five river basins with Spain—Minho, Lima,
Doura, Tejo and Guadiana—which cover almost 65% of
the Portuguese mainland. The annual mean runcff is 380
mm/yr, approximately 40% of the annual mean precipita-
tion. The runoff regime is highly irregular both spatially and
tempaorally. The highest runoff values, of about 1,300
mm/yr, are observed in the northwestern river basins in
contrast with the lowest values, of about 1680 mm/yr,
observed in the Guadiana and Sado river basins. The high-
est runoff values are observed in February and are followed
by a long and dry summer period. The river flow inter-
annual variability is also quite pronounced.

o Tiago Sila

Floods are a recurrent problem both in small and large river
basins throughout the country. In small river basins they
result from intense precipitation events that occur usually
in winter and autumn. For larger river basins, like the Tejo
or Doure, longer rainfall events are needed to produce
flooding.

The total water needs in the mainland are clase to 10,000
hm?. Being the larger and most populated basins, this water
volume is mainly needed in those of the Tejo and Douro.
Agriculture is by far the most water dependent sector using
almost 75% of water resources.

The impacts of climate change on water resources were
estimated by establishing scenarios for changes in cli-
matic inputs to a hydrological model from the output of
Global Circulation Models (GCMs) and Regional
Circulation Models (RCMs). The hydrological model
used is a simplified version of the Stanford Watershed
Model usually known in Portugal as the Temez model,
Its inputs include monthly series of river basin precipita-
tion and potential evapotranspiration. It was calibrated
using data from 35 river basins distributed through out
the country.

The current climate was characterised using precipitation
and ternperature data for the 1961-'90 period from 500
rain gauges and 200 climate stations from the Portuguese
Meteorological Institute (Instituto de Meteorologia) net-
work and the Portuguese Water Institute {Instituto da
Agua) network. Data from the Spanish Meteoralogical
Institute covering Spanish territory surrounding Portugal
were alsa included in the dataset.

Climate scenarios were obtained using the HadCM3 global
madel and the HadRM2 regional model both developed at
the Hadley Centre. River runoff in 2050 and 2100 was sim-
ulated with the Temez hydrological model for 28 river
basins that represent the range of runoff regimes in main-
land Portugal.



Impacts of climate change

The main impacts of climate in water resources are as fol-
lows (Figure 5):

* The present simulations indicate a progressive reduction
in river runoff during the 21* century. This reduction
may be small in the northern region but becomes
increasingly severe in more southerly latitudes.
Furthermore, there seems to be a systematic trend
towards a concentration of the river runoff in winter
induced by a similar pattern of change in the monthly
precipitation distribution,

* The comparison of the simulations using the HadRA2
and HadCM3 climate scenarios shows that the former
leads to a wider range of runoff change predictions due
to larger anomalies in precipitation and temperature,
namely a strang increase in winter precipitation and a
strong decrease in the rest of the year.

-

By 2100, the annual mean runoff north of river Doure
is estimated to change between +5% and —10% accord-
ing to the HadCM3 moedel and increase about 10%
according to the HadRM2 model,

By 2100, the annual mean runoff in the Vouga and
Mondego basins may be reduced by 15% to 30%
according to HadCM3. HadRM2 estimates are uncertain
about the direction of change.

By 2100, the annual mean runoff reduction in the Tejo
river basins is estimated to be 10% to 30%, according
to the HadCM3 climate scenario. Such reductions imply
long periods with low river flows, which are likely to
have a strong impact in water availability, particularly
for irrigation activities. HadRM2 estimates predict an
increase in annual runoff due to a strong increase in win-
ter precipitation,

Sado and Guadiana stand out as the river basins more
vulnerable to climate change. HadCM3 estimates a 60%
decrease in annual runoff by 2100. Here the risk of
water shortages, summer drought and desertification is
very likely to increase.

River runoff projections for the Algarve river basins are
particularly uncertain because of a strong spatial vari-
ability of precipitation mainly due to the mountainous
range that divides the Algarve basins from the Sado and
Guadiana basins. The impacts are likely to be negative,
but less pronounced than in the Sado and Guadiana river
basins.

Had W3 2100 annsal nunoff scenarios

annal changes (%)
i
=

Ealn]
40 &
0
FMarth of Dows  Sauth Do, Teg Sado and Algarve
Kandego ard Suadana
Vauga

HadCh3 2100 wintar runcff scenarios.

_ ®m
£ ol
B oo
.
? o .
a
| -850
Morth of Dowrg Seldh Do, Tajo Sado ard Alganve
WA raiRga A Guadara
o
HadCM3 2100 spring runsff scenanos
q
F =
= =27 = I
B ] S
]
A -804
|
i 4
horh of Dowre Soth Dol Tap Sado and Adgarvi
Mordego ard i cheftarea
Wouga
HedCM3 2100 sumrrer runall scenanos
0 +
£
)
E 40 4 §
r 6 L I
i -8l . o+
-500
korth af Dawn  South Dowrs, Teja Sado ard Algaire
Mordego and Giadiana
Wauga
HadCK3E 2100 auturmn runoff scenarios
04
Z =20 :
5 %
£ 404 :
=
]
g &0 1 "
% ool 1 =
i
T,
Harth of Dours Souly Coura Tep Zado and Algaree
Mondego and Guschana
ouga

Fig. 5 = Mariation of annual and seasonal flow for 2100, relative to the
peried 1261-"20 of vanous hydrological basins in continental Portugal,
chrtained with the HadCM3 climate scenario,




12

The concentration of precipitation in winter and the esti-
mated general increase in the frequency of heavy pre-
cipitation events is likely to increase the flood magnitude
and frequency, especially in the north.

Water quality is expected to be degraded by higher
water temperatures and by river flow reduction in the
summer, particularly in the south.

* The general tendency toward an increase in irrigation
water demand, due to various factors including higher
temperatures, and the summer reduction of river flows
are expected to have a negative impact in agriculture.

We should therefore expect a reduction in the availability
of water supplies, an increase of flood nisk and an increase
of water quality problems risks. The decreased runoff in the
Spanish part of the transboundary river basins is likely to
accentuate even further the expected decrease of water
availability in the Portuguese territory.

Adaptation Measures

The estimated reduction in annual runoff and the increase
in the season varability of runoff, together with the pro-
bable increase of water demands, will likely increase the
stress on water resource systems. This potential increase of
water resources vulnerability, together with a greater risk
of flooding and of water quality problems, reinforces the
need of water management policies based on a solid and
in-depth knowledge of water resources.

Environmental authorities have long managed water
resources systems taking into account the variability of cli-
matic variables and the uncertainty on water demands evo-
lution. Climate change should be added as an additional
important factor. The long- held assumption that the his-
torical record is a good indicator of future conditions can
no longer be used to define water resources planning and
management policies. Environmental authorities should also
consider future forecasts of water availability and water
demands due to climate change into their decision process.

The coastline of mainland Portugal has an extension of
approximately 950 km, is morphologically diverse, and can
be classified into four main types: beaches, wetlands, hard-
ened and cliffed coasts. Of these four types, beaches and
cliffed coasts are dominant with about 591 km and 348 km,
respectively.

About to 75% of the population inhabit the coastal zone
where most of the larger cities (Oporto, Aveiro, Lisbon,
Setibal, Faro) are located. Coastal population continues to
increase and this area accounts for about 85% of the Gross
Domestic Product. Increased societal demands for coastal
and marine resources tend to impede the functioning of
coastal ecosystems and the preservation of biodiversity.

Coastal and marine environments are closely linked to cli-
mate in many ways. The most important impacts of climate

£ Alexandre Waz

change on oceans are expected to be increases in sea sur-
face temperature and mean sea level rise. Changes in wave
conditions, ocean circulation, salinity and decreases in sea-
ice cover can also be expected. It should also be empha-
sized that the oceans are a significant component of the
climate system.

The most important of climate change impacts are: a)
increased levels of inundation and displacement of wet-
lands and lowlands; b) accelerated coastal erosion; and ¢)
increased storm surge. Other important impacts are sea-
water intrusion into fresh groundwater, and the encroach-
ment of tidal waters into estuaries.

Sea level has already risen by 10 to 20 cm during the 20"
century along the Portuguese mainland coast. Previous
studies, based on tide-gauge data sets, determined a mean
sea level rise of 1.5 + 0.2 mm/year in Lagos, for a 78 year
period up to 1987 and a mean sea level rise of 1.3 = 0.1
mm/year in Cascais for a 104 year period up to 1987. For
the latter location the mean has increased to 1.7 mm/year
for 1920-'87 period.

Coastal erosion is already a widespread problem in much
of the mainland coast and has significant impacts on unde-
veloped shorelines as well as on coastal development and
infrastructure. Shoreline retreat of the order of 1 miyear
and larger have been observed in extensive areas of the
coast. The very pronounced reduction of sediment input
into the Portuguese coastal zone due to human manage-



ment of river basins, especially construction of dams, is
likely to exacerbate its vulnerability to climate change
in general and particularly to sea level rise. Since the
beginning of the 20" century, the flow of rivers of the
Iberian Peninsula into the ocean has been reduced by
85%.

From 1990 to 2100 the full range of the Third Assessment
Report IPCC scenarios project a sea level rise of 0.09 to
0.88 m with a central value of 0.48 m. Land movements
iisostatic and tectonic) should be considered. Recent stud-
ies for Europe indicate a sea level global rise of 20 to 105
cm by the 2080s relative to the 1961 to 1930 mean. The
highest value in this range is significantly larger than the
IPCC range. For the same time period, the Portuguese
mainland cost is likely to have an average negative vertical
land movement of the order of 5 em. Combining the two
values, suggests a sea level rise of 25 to 110 e¢m by the
2080s.

The assessment of climate change impacts on the
Portuguese mainland coast was based primarily on the use
of the reconnaissance technique “aerial videotape-assisted
vulnerability analysis™ (AVWA), By combining a video
record of the coastline, aerial photographs and ground-
truth information it was possible to classify the coastal
geomorphology and obtain information on the types of
coastal environments, land-use, and infrastructures, With
the use of an appropriate model and risk maps we esti-
mated the biogeophysical effects for different sea level rise
scenarios. With this methodology we determined the
potential coastal areas at risk and assessed the impacts and
mast appropriate adaptation measures, to the accelerated
sea level rise,

Impacts of Climate Change

The results presented in the following table were obtained
using the AVVA Technique for 975 locations along the
mainland coast with an average distance of about 1 km. At
each point, we identified the type of coastal geomorpho-
logy, shoreline protection, and land use. The points
observed were also classified as regards population density
{low and high correspond to less and mare than ten inha-
bitants per km?®) and coastal development density. Finally
we identified the locations with a risk of land loss and a
need for protective actions.

We find that there is a risk of land loss in about 67% of
the coastal areas. Protective actions to minimize the
impacts of sea level rise are recommended in 24% of the
coastal extension. In the present study it was not possi-
ble to evaluate the praticality, effectiveness or costs of
these actions.

Points
Observed | Km |
Coastal geamorphology Beaches 544 59
Wetlands 3 3
Cliffs 320( 348
Hardened an 33
Protection Seawall 35 92
Bulhead 3 3
breakwater 0 0
EFoinG 1% 21
jetty 14 15
harbour 1 12
no protection Te5| 832
Land use Lrban 101 10
residential 87 9%
industrial 19 i
tourism 24 26
agricultural ] fi]
sherubland Ad1 RE7
barren 24 26
forest 18 20
no viden 14 15
Fopulation density loow 589 &40
high 184 200
indeterrminate 124 135
Coastal
develapment density Low 503 644
high 180( 136
indeterminate 124 135
Land at sk risk of land loss &0 A53
no rigk of
land loss 9% 322
Actions for protection action 15| 2134
and adaptation no action 558 ele
indeterminate | 124 135
Type of acticn Part upgrade 14 15
grains 21 L}
seawals 141 154
retreat 34 42
ey ackion 532 4

Classification and protective actions along the Portuguese mainland
coastal zone at B97 points.

Adaptation Measures

The actual impacts of climate change and, in particular, sea
level rise depend strongly on human adaptation to that
change, Coastal adaptation can be considered a multi-stage
and iterative process. There is clearly a need to increase the
capacity to manage the coast, espedially in the medium and
long time scales, and to include adaptation to climate
change into long-term coastal planning.

Adaptation strategies for the coastal zones should shift their
emphasis away from hard protection structures of shore-

13




14

lines {such as seawalls and groins) to soft protection mea-
sures (such as beach nourishment), Nevertheless, hard pro-
tection measures are likely to be unavoidable in areas of
high development and high population density. In more
threatened areas such as wetlands, coastal lowlands and
estuaries, adaptation measures are less effective to prevent
losses and changes to coastal ecosystems,

Onshore migration of the ecosystems, with rising sea lev-
els, when stopped by hard sea defences tends to cause
coastal squeeze, thereby damaging or destroying the

ecosystems. This process should be avoided in favour of
managed retreat or realignment of the shoreline.

Continued research on the potential impacts of, and adap-
tation measures to, climate change for Portuguese coastal
zones is clearly required. Particular attention should be
given to increasing flood-frequency probabilities, flood risk
and damage, erosion effects, saltwater intrusion, encroach-
ment of tidal waters into estuaries and impacts on specific
coastal and marine ecosystems.

Weather and climate affect agriculture in many ways, from
the biological productivity of agriculture crops, the possi-
bility of executing agriculture operations, the incidence of
pests and diseases, to the geographical distribution of crops
in a region or country. In Europe, the southern regions,
including Portugal, are particularly sensitive to climate vari-
ability.

The present crop distribution is conditioned by climate,
availability of irrigation water, and soil type. Social and eco-
nomic influences strongly determine what crops grown if
the other requirements are adequately met. Portuguese
agriculture is dominated by the European Union Common
Agricultural Policy, which seeks to integrate concerns for
environmental protection and countryside likelihood.

Although it is expected that the foreseeable climate
changes will have important impacts on agriculture it is
impossible to predict clear patterns of change in arable land
use. Hence, the present work focused on the estimation of
climate change impacts on the biological performance of
selected crops.

The assessment of climate change impacts on specific agri-
cultural crops was based primarily on the use of crop simu-
lation models of the series DSSAT (Decision Support
Systems for Agrotechnology Transfer).

The crops chosen in the present study were wheat and
maize since they are two of the most important field crops
occupying 7 and 4%, respectively of the overall area of the
arable land, which is 3.8 x 10° ha. Wheat is a typical dry-
land crop with a physiological behaviour very similar to the
other crops grown in Portugal, namely, ocats, barley and
rye, and maize is the main irrigated crop with a climatic

range very similar to the majority of the irrigated annual
crops grown during the warm and dry season. Furthermare,
they are also representative as regards responses to
increases in the atmospheric CO; concentration. Wheat is
a C; plant that responds more positively to CO; increases
than maize, which is a C; plant

The DSSAT crop simulations were calibrated for Portugal
using the CERES WHEAT and CERES MAIZE models. The
former model was validated for the region of Alentejo, with
historical data, for the period 1986-'98, obtained from




Direccio Regional do Alentejo and the latter for the region
of Ribatejo, with historical data for the same period of time,
obtained from Direcgdo Regional do Ribatejo e Oeste. The
climate change scenario used is for the period of 2080-'99
and was obtained from the HadRM2 model,

Impacts of Climate Change

Crop productivity is affected both by climate change and
by the change in CO, concentration. Higher €O, concen-
trations will directly enhance plant productivity and increase
water efficiency. On the other hand, higher temperatures
will hasten phenological development of crops and increase
the dernand for water. The expected decrease in spring and
summer rainfall will increase irrigation water requirements
and cause water stress in dryland crops. The net effect on
yield will depend on relative changes in CO; concentra-
tions, temperature, solar radiation and precipitation. In gen-
eral, warming is expected to lead to suitable planting areas
moving northwards.

Results of the analysis are presented below:

* Using the Papadakis agroclimatic classification which cat-
egorizes winter severity and summer heat according to
the possibility of growing specific crops, we compared
the present classification with the classification obtained
with the climate scenario obtained using the HadCM3
model in 8 grid points spanning from 41° 32°'N to 35¢
45'M and from 8° 43'W to 7° 4"W. There were 3 cases
where the winter classification “oats” — winter suffi-
ciently mild for oats but not for citrus — was changed for
“gitrus” — winters sufficiently mild for citrus and sub-
tropical crops — while the other remained “citrus". The
changes in summer were more extensive; the cooler sum-
mer “wheat cooler” and the intermediate “rice,” all
changed to “cotton”. The most southern latitudes
remained “cotton”.

For 2080-'99 at a site near Beja the CERES model, indi-
cated a yield increase of 25% (from a present simulated
yield average of 2780 kg ha™) and an increase in yield
variability due to increased water stress, in spite of a
shorter crop cycle. Without the CO, effect, the yield
increase is only 2%. It was found that the large increase
in yield variability (from 46-68%) planting 2 weeks ear-
lier {from Movember 1 to October 15). A simulation of
other studies indicate a yield increase in central and
northern parts of Portugal and Spain and a yield decrease
of 1-3x10° kg ha™' in southern Portugal and southern
Spain.

= For 2080-'99, at a site near Santarém, the CERES MAIZE
indicate a yield increase of 12% (from a present simu-
lated yield average of 12 x 10° kg ha™'} using a maize
variety that allowed the same crop duration. This was
possible due to a simulation of planting on March 15
(instead of April 1). This earlier date was possible due to
more favourable germination temperatures in the future
climate scenario. The expected CO, concentration is par-
tially responsible for the projected yield increase although
its effect is smaller than for wheat. The maize yield vari-
ability is much smaller than in the case of wheat since an
irrigated crop is less influenced by climate variahility. The
simulation indicates an increase of 30% in the irrigation
water requirements, which may be an overestimate since
the increased water use efficiency, due to higher CQ;, is
not taken into account in the model.

* The absence of operational crop simulation models for
other relevant crops in Portugal, such as the perennial
crops, vineyards and olive trees, makes it difficult to make
quantitative estimations of impacts on productivity.
Studies by other authors for Europe indicate that there is
a potential for expansion of wine-growing area and an
increase in yield variability as regards fruit production and
quality. Root crops such as sugar beet are expected to
benefit from warming and increase CO;.

=+ Since it is very likely that the amount of water available
for irrigation will be substantially reduced, particularly in
the south of Portugal, agriculture is likely to be squeezed
between an increased need for water and less available
water.

* Clobal warming tends to lead to a higher incidence of
pests, diseases and weeds, which in some circumstances
may become key species thereby causing serious losses.
This question for Portugal was not addressed in the pre-
sent study.

Adaptation Measures

The main adaptation measures to counteract the negative
impacts of climate change are changes in planting and har-
vesting dates, choice and development through biotech-
nology of varieties better adapted to a warmer and drier
climate and adaptation of cultural practices to a drier cli-
mate.

In the southern regions of Partugal, where water availabi-
lity is projected to decrease significantly, crop substitution
{subtropical and tropical plants) could be an important
strategy for conservation of soil moisture.
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During the past three decades, economic progress has
resulted in improvements in overall health, and life
expectancy. Currently, chronic diseases, such as cancer and
disorders of the circulatory system, are the major causes of
death. Accidents and asthma are the public health concerns
among children,

Despite significant improvermnents in overall health, progress
towards identifying and reducing environmental health
hazards has been slow. At present, poor water and air qual-
ity pose significant environmental health risks. Population
sub-groups that are most vulnerable to environmental
health risks include the poor, the elderly, the very young,
the immunocompromised, rural communities, who often
lack basic infrastructure, and migrant populations

Following an extensive literature review, the impacts of cli-
mate change upon selective health outcomes were
assessed. Key conclusions regarding the impacts assessed
are summarised below. Health impacts due to stratospheric
ozone depletion, sea level rise, possible food shortages, and
international fravel were not assessed in the present study.
Impacts of Climate Change

Potential increase of heat-related deaths

Increased deaths due to extreme heat are a direct health
impact of climate change. Heat-related deaths are known
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to occur following heat stress periods in Portugal (figure 6),
Future climate change scenarios indicate hotter conditions
and more frequent heat stress periods. Such increases are
especially pronounced in urban areas, and particularly
threatening to the elderly and individuals with cardiovas-
cular disorders and other underlying health conditions. It is
alsa likely that milder winters could decrease mortality, but
its quantification is hampered by the difficulty of solely
attributing it to weather conditions, and was therefore not
assessed,

Pofential increase of water and food-borne diseases

Water and food-borne diseases are transmitted to humans
when they come inta contact with biotoxin and pathogen-
contaminated water and foods, Although gastroenteritis is
the most common; other health outcomes such as neura-
logical, renal and hepatic disorders; cancer, and possibly
death may result from the consumption of contaminated
water and food. Water quality and food-borne disease out-
breaks are currently significant public health cancerns,

Warmer temperatures enhance pathogen growth and sur
vival as well as biotoxin production. Extreme precipitation
events have the potential to increase pathogen propaga-
tion in water and food consequent to changes such as
increased water nutrient concentration, decreased sea
water salinity, and sudden alterations of water flow rates.
Given current water and food safety management prac-
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tices, and the increased temperatures and more frequent
extreme precipitation events indicated by climate scenar-
ios, potential water and food-borne disease transmission is
likely to increase due to higher pathogen survival and
biotoxin production.

Faotential increases in air pollution-refated health effects

Ambient air quality often reaches levels hazardous to pub-
lic health. If the climate becomes warmer, as indicated by
climate scenarios, ambient levels of tropospheric ozone and
aeroallergens such as pollen may increase. Higher ambient
air levels of these agents may exacerbate asthma and other
respiratory diseases, which are already significant public
health concemns.

Patential changes to vecfor and rodent-borne disease risks

Vector-borne diseases are infectious diseases transmitted to
humans and other vertebrates by pathogen-infected vec-
tors (mosquitoes, ticks, sandflies, etc.). Similary, rodent-
borne diseases are infections transmitted by pathogen-
infected rodents. Disease transmission requires the

@ Thage Sika

co-presence of reservoir hosts (such as humans, birds and
rodents), competent vectar {or rodent) populations, and
pathogens in sufficient numbers to maintain transmission.
Transmission to humans requires human contact {exposure)
with the parasite-infected vector or, alternatively, rodent
biofluids, such as saliva and wrine.

Aspects of climate such as temperature, relative humidity
and precipitation can influence disease transmission
dynamics by altering vector longevity and development,
pathogen development, host distribution and vector (or
rodent) habitat.

Increases in temperature and precipitation variability, as
indicated by future climate scenarios, are likely to increase
the potential risks of vector and rodent-borne disease trans-
mission, particularly Lyme disease, Leishmaniasis, and
Leptospirosis. Such climate changes may also favour the
potential risk of localised outbreaks of malaria (Plasmodium
vivax), West Nile virus fever, and Schistosomiasis (bilharzia).
Insufficient information precluded any conclusions as to
how climate change may affect Mediterranean spotted
fever,

Adaptation Measures

Based on the potential adverse health impacts assessed, the
following adaptation measures are recommended:

= Planned adaptation measures such as a national early
warning system, urban planning to reduce the “heat
island" effect, and the use of air conditioning are sug-
gested to reduce population vulnerability to anticipated
heatwaves,

= Population vulnerability to water and food-borne disease
transmission risk can be reduced if current water and
waste management systems are improved, and environ-
mental and disease surveillance initiatives strengthened.
Deterioration of current public health infrastructures will
undoubtedly lead to increased disease transmission risks,
with or without climate change.

+ Improved pollution control measures and a national
air quality warning system are required to reduce cur-
rent and anticipated air pollution-related health out-
comes.

* Improved disease, vector, and pathogen monitoring and
surveillance is needed to better understand vector and
rodent-borne disease transmission. Improvements to cur-
rent basic public health infrastructures will also reduce
population vulnerability.
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Research Gaps

Insufficient health and environmental data and the signifi-
cant number of knowledge gaps on the relationship
between health and climate has resulted in many uncer-
tainties being incorporated in the assessment.
Consequently, no definite conclusions could be reached

regarding the magnitude of the change of potential climate
change health impacts. Epidemiological research on the
relationships between climate and public health is urgently
required in order to reduce key knowledge gaps so that
more profound national assessments on public health vul-
nerabilities to anticipated climatic changes can be per-
formed.

Energy

The energy sector is defined in national accounting as the
set of activities related to coal, oil, gas, electricity and water
supply. During 1990-'95, these activities represented
3.5-4.0% of the gross national product.

As shown in Figure 7, energy consumption (5-6% per year)
has increased more rapidly than GNP growth (3—4%) in
the last few decades. Portugal has no significant fossil fuel
resources, and hydro-power is the only national energy
source exploited in significant amounts, resulting in a
dependence on imported energy products. Demand has
also been rising rapidly, in particular in the service and
transportation sectars.

18960 1870 1380 150 froie ] 2o

Fig. 7 - Primary energy supply time series for Portugal (2000-2010 val-
ues are projections from Direcgdo Geral de Energia)

Impacts of Climate Change

The sector response to climate change was studied from
both the perspective of supply and that of demand.

Supply
* Mo significant impacts on thermoelectric plants

* Possible benefits for large hydroelectric plants in the
north

& Tiggo Silva

* Megative effects for mini-hydroelectric plants, and also
for large hydroelectric plants in the centre and south

» Increased losses in electricity transport and distribution

* Increased performance of solar systems

Existing thermoelectric power plants are expected to suffer
a very small decrease in efficiency (0.1 to -0.2%), other
potential impacts linked to water availability for refrigera-
tion, sea rise, and changed frequency of natural hazards
such as floods and storms, were studied but found irrele-
vant given the specific current characteristics of the energy
sector.



Although water availability for electricity generation may
decrease in general, large hydroelectric power plants in the
north—in particular those situated in the Douro basin—
may benefit from increases in winter runoff. In contrast,
those situated in the centre and south should diminish pro-
duction due to a reduction in runoff and increase in evap-
oration. However the overall result may be positive, con-
sidering the specific location and installed power of the
plants, Cross-sectorial effects, due to competition for water
with municipal uses and agriculture, were found to be
small.

An increase in ambient temperature leads to an increase in
the resistance of conductors, Both electricity transport (high
and medium voltage) and distribution (low voltage) lines
will be affected, leading to an additional 1.6% loss of
energy during transmission.

Solar systems will benefit from an increase in solar radia-
tion. An improvement in performance of 8% in active
water heating systerns and of 5-6% in photovoltaic sys-
tems is expected.

Demand

* Decreases of space heating requirements in buildings

= Even larger increases of space cooling requirements in
buildings

* Small decreases in energy consumption for water heat-
ing

NORTH
HBase Future

The study analysed the thermal performance of buildings,
both service sector and residential, using a numerical sim-
ulation of several reference buildings for various regions.
Social economic scenarios were also considered in detail.
Cwerall increases in annual energy consumption were
found (Figure 8) as cooling demand increases offset heat-
ing reductions. A decrease of about 3% in energy demand
for water heating for domestic and industrial uses was also
estimated.

Adaptation measures

In the energy sector, adaptation measures are often diffi-
cult to distinguish from those intended to mitigate climate
change. Also mitigation measures and policies are bound
to have a much greater impact in the sector than those
required to adapt to climate change.

Adaptation measures could simply involve an increase in
consumption, translating into higher fossil fuel imports. But
if increases in energy use are to be controlled, then most
adaptation measures that could be taken would involve
better management or resizing of energy systems, with
respect to current practices and design guidelines, as in the
case of large dams, solar energy systems, mini-hydro plants,
building insulation and energy saving measures,

Research gaps

Better estimates of the impacts would result from the use
of mare detailed modelling, as well as case studies, and
further consideration of socio-economic scenarios and
cross-sectorial synergies. These could include performance
studies for specific hydroelec-
tric power plants, agriculture
water pumping needs, power
transmission at regional scale,
water use related impacts in
new combined cycle natural
gas thermoelectric plants, and
non-classical adaptation mea-
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sures for buildings.

Other issues were simply not
yet considered, such as space
conditioning within trains and
road vehicles. Better and more
detailed long-term energy
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Figure & - Impacts on space conditioning in residential buildings




20

Forests cover ca. 3,200,000 ha in Portugal, i.e. 36% of the
total area of the country. The economic impartance of the
forestry sector is well established, being one of the leading
sectors in the whole of the national economy (estimated to
be 3.4% of GDP in 1993). Most of the forest land is pri-
vately owned: 859% is private property, 3% is owned by
the state and 12% belong to the local communities.

In addition to their direct economic value as sources of raw
materials, forest ecosystems play an important rale as
providers of services such as the purification of water and
air. It is known that forest may serve as filters for some of
the pollutants that are liberated to the environment by
human activities. Traditionally forests have been viewed as
a source of biodiversity that should be preserved. Mative
forests and “montados” are the habitat of some rare or
endangered species such as Ciconia nigra (Black stork) and
Lynx pardina {lberian Lynx).

The increasing urbanisation of our society has led to an
ever-increasing need for outdoors recreation in forests and
associated ecosystems {including hunting and recreation in
the fresh water systers associated with forests). Today, the
importance of forests cannot be viewed without consider-
ing this recreational component even though its economic
value is still difficult to quantify,

@ Tiage Sikva

Impacts of Climate Change
Forest productivity and carbon balance

s Ecosystem functioning and services, industrial raw mate-
rial production such as wood and cork, as well as the car-
bon sequestration capacity in forests, depend on primary
{plant) productivity. We used a process based model
(BIOME-4) to simulate future distribution of potential
vegetation types and their productivity, The Met Primary
Praductivity (NPF) simulation based on an “optimal” dis-
tribution of forest vegetation suggested a decrease in
MNPP in most of the country due to increasing water
deficits in the future climate scenario (NPP is the part of
total ar gross primary productivity not used for plant
growth).

s In parts of the country where water availability is not
expected to be limiting, warmer winters and elevated
CO, are expected to increase NPP in the future. Such
gains may occur in the cooler and wetter areas of the
country as the Mortheast where fairly high precipitation
is predicted for the future,

» Changes in vegetation indicated by the maodel would
imply substitution of forest types in certain areas, pro-
vided there would be enough time for species migration.
Since this is unlikely to occur in the time scale of occur-
rence of future scenario, present vegetation will be under
greater environmental stress than today. This was con-
firmed by simulations with a more complex process-
based model (BIOME-BGC), which was used to investi-
gate changes in NPP assuming that present-day forests
would remain in situ under the future cimate scenario.

* The frequency of extreme events such as windstorms,
severe droughts or long hot spells, together with
increased risk of fire, may increase in the future. Such
events will enhance the risk of productivity losses
through tree mortality and subsequent land degradation.

Forests may act as sinks for CO, and therefare help in
the mitigation of the greenhouse effect resulting from
GHG emissions. The present capacity of Portuguese
forests to store carbon is high. In the future, however, it
may not be as high as it could be under the present cli-
matic conditions due to: (1) decreases or only modest
increases in NPP, (2) lower standing biomass due to
changes in vegetation and increase in fire frequency and
(3) enhanced soil respiration due to warmer winters, thus
decreasing the importance of the below-ground carbon
store.

Migration and extinction of key forest species

* The changes associated with future climate scenarios will
occur too quickly to allow natural tree species migration.
In most cases, relocation of species is unlikely to occur
without human action, i.e., reforestation with species bet-
ter adapted to the future environmental conditions, The
slow growing species as cork and halm ocaks are unlikely
to be able to migrate naturally, whereas maritime pine, as




well as some invasive exotic species such as Acacia spp
could occupy new locations (e.g. disturbed sites) and out-
compete stressed native species, as climate change oceur.

Some tree species may experience severe mortality in the
drier edges of the their present range, Changes in the
dominance of some species are likely to occur with
changes in the boundaries of forest types. Interior and
southern regions will be especially susceptible due to
increasing andity. While cork cak may continue to decline
in Alentejo, holm oak may resist better to water deficits
and persist in open stands with low tree canopy cover as
the “montados.”

Fire

+ A very substantial increase in meteorological fire danger
is projected to occur throughout the country. In central
and northern Portugal a three- to five-fold inerease is
expected in the number of days with fire weather index
(FWI1) values corresponding to very high and extreme
metecrological danger conditions. Model results also
indicate an expected lengthening of the fire season, with
FWI values higher than current levels during the late
spring and early fall.

Peasts and diseases

* Warmer winters may not change the insect population
drastically. Existing population growth rates may, how-
ever, be spurred by increasing temperatures, especially
for multivoltine species (species that produce several new
generations per year), such as aphids and adelgids. In
the southern and interior regions, increased aridity may
cause more pests damages, namely of woodborers (e g
Coroebus undatus, Coroebus florentinus, Platypus cilin-
driss in cork and holm oaks and Phorachanta semipuinc-
fata in eucalypts) and other secondary insects.

Warmer temperatures, when accompanied by higher
humidity, may increase outbreaks of pathogenic fungi
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(e.g.. Phythophthora spp., Armiflaria mellea), leading
either to the death of trees or increasing their vulnera-
bility to pest attacks and drought. Warmer and wetter
winters in the north and central regions of the country
could increase the risk of invasive pathogens (e.g.:
Ceratocystis fagacearum in oak trees, Sphaeropsis sap-
inea in pine trees).

The risk of invasion by tropical or subtropical pests and
diseases will increase under the globalisation of com-
merce and the “tropicalisation™ of the climate in
Portugal

Biodiversity and Protected Areas

-

Some animal populations, particularly if they have limited
geographical distributions, small habitat areas or low num-
ber of individuals, may not be able to respond to rapid ci-
mate changes, and extinction may occur namely in pop-
ulations with low reproductive and dispersal capacity.

Endemic species such as the bat Nyctalus leisleri
tendemic to Portugal), as well as the Iberian lynx (Lynx
pardina) and the rodent AMicrotus cabrerae (both |berian
endemisms) may be highly sensitive species. These
species are already endangered and will probably go
extinct under the pressure of habitat disruption.

As the climate in Portugal will become warmer, the risk
of invasion by alien plant ar animal species from warmer
regions may pose threat to biodiversity.

Protected areas were analysed separately for their vul-
nerability due to their important role in conserving bio-
diversity. Expected changes in vegetation cover and
expansion of semi-arid areas will lead to important
changes in habitats and, consequently, dependent
species,

Protected areas were classified on the basis of vulnera-
bility of plant and animal communities (from wery high
to low vulnerability) and anthropogenic influences as fol-
lows:

Very high = Vale do Guadiana, Caosta Vicentina

High - Douro Internacional, Estudrio do Tejo and
Montesinho

Medium - Arrabida, Peneda Gerés, Serra da Estrela, Serra
da Malcata, Serra d"Aire & Candeeiros, Sintra-Cascais
Low — Alvdo, 530 Mamede

Adaptation Measures

Productivity and forest composition, carbon balance

Forest policies for the sustainable development of the
forest sector must reflect awareness of climate change
and future climate scenarios.

Aforestation/reforestation should consider the use of
species according to their adaptability to future condi-
tions,

Use aforestation, tending and harvesting techniques that:
- avoid extensive soil mobilisation as soil erosion that
may be enhanced in future climate scenarios;
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- increase water availability throughout the growing
season, where increased aridity is expected;

= improve overall resistance to extreme events, such as
wind storms, wildfires and severe drought events.

The over-exploitation of forest resources should be
avoided in order to maintain carbon balance and soil fer-
tility under a harsher environment.

Tree improvement programmes in order to increase the
genetic potential of some forest species to adapt to
higher temperatures and increased water stress.

Improve the carbon sink capacity of Portuguese forests
through aforestation / reforestation, aveoiding land degra-
dation, protection of old-growth forests and using the
longest rotations possible in silviculture as well as pro-
moting the useful life span of forest products to enhance
carbon sequestration,

Measures for the prevention and forest fires (see follow-
ing section) and of land degradation, as these will exac-
erbate any negative effects of climate change and may
enhance the risk of local extinction or decline of native
key forest species, especially in the interior and South;

Development of appropriate land management models
that avoid depopulation and desertification (e.g., ade-
quate agro-forestry) in future climate scenarios and pro-
mote alternative livelihoods for the population in those
dreas,

Fire

The future viability of important segments of the forest
industry, the lives and property of people living in forested
areas, and the natural and cultural resource values of sev-
eral of the country's protected areas, may be at stake with
enhanced meteorological fire danger. The following mea-
sures are suggested to diminish this risk:

Afforestation of areas expected to suffer more severe
warming/drying ought to be avoided, Development of
regional forest plans where substantial areas are allocated
to networks of fuel breaks. Fuel breaks do not have to
be devoid of vegetation and unproductive, but will
require special-purpose protective silvicultural practices,
with a strong emphasis on fuel management pro-
Brammes]

Optimisation of landscape-level patterns of fuel harvest-
ing in order to further break up large-scale continuity of
forested areas;

Diversification of the range of species used in commer-
cial forestry, with an emphasis on deciduous broadleaf
species,

Implementation of programs for controlled burning in a
safe and sustainable manner including its use for scrub-
land and pasture management;

Discarding the current systematic fire suppression/avoid-
ance policy in protected areas and the reintroduction of
fire in such areas to prevent fuel build-up;

Regulation of housing developments in the forest-urban
interface and in predominantly forested areas is very

important. This will reduce the levels of fire fighting effort
necessary for the protection of human life and property
in such areas, releasing human and material resources for
more effective forest protection.

Pests and Diseases

The appropriate national agencies should maintain
databases and improve the monitoring and prevention
measures in order to make an earlier detection and
identification of pests and diseases of plants and plant
products that may become noxious under the future
conditions and prevent their introduction across the
national boundaries.

Increase scientific knowledge about best integrated pest
management strategies for the most important and dan-
gerous pest and diseases, promote the divulgation to the
stake holders and the implementation of those strategies
in the field.

Biodiversity and Protected Areas

L

Rapid implementation of actions proposed in the recently
produced Mational Strategy for the Conservation of
Mature and Biodiversity.

Wise management of the matrix between existing pro-
tected areas allowing the movement of organisms is
essential to future preservation of species in protected
areas.

Connecting corridors between different reserves could
enhance the migration between them promoting not
only species richness increase due to rapid

Population movements inside and outside but also gene
fluxes between areas.

Impeding invasive alien species where they further
contribute to the decline of native species and biodi-
versity.

Research Gaps

Although the research on forests and forestry is increasingly
focussed on the impacts and the adaptation and mitigation
measures regarding climate change, further research is
needed regarding:

The response of individual species and forest ecosystems
to changes in climate and development of models essen-
tial for improved simulations of the sustainability of
forests and forestry;

The impacts of hypothesised increase in forest fire fre-
quency on productivity and carbon balance of forests;

How the country can maximise its reliance on the capac-
ity of forests to sequester carbon in order to mitigate the
impact of GHG emissions;

The socio-economic impacts of ecological changes in
forests;

The impact of changes in forest composition and health
in some forest ecosystem services and the inter-sectorial
impacts.



The climate scenarios used in this study indicate an increase
in sea surface temperature by as much as 4°C across the
Portuguese continental coast by the end of the 21* cen-
tury. Changes in wind patterns are also expected to occur
and are likely te cause significant modifications in the
upwelling (the rise of sub-surface cold, nutrient-rich layers)
regime along the west continental coast. The average
intensification of the wind may also contribute to an
increase in water turbulence, with potential impacts on the
abundance and distribution of marine organisms and their
food.

Three species were considered: sardine (Sardina pilchar
dus), bluefin tuna (Thunnus thynnus) and the common
octopus (Octopus vulgaris). The option for these species
was based on their biological and ecological characteristics
and their economic interest (Figure 9).

Fig. 9 - Landings and values of diverse species.
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Impacts of Climate Change
Sardine

The projections of climate evolution in Portugal suggest
that an increase in average summer upwelling frequency is
expected for the MNorthwest coast (Viana do Caste-
lo—Peniche). This increase is likely to be beneficial for juve-
nile and adult sardine feeding, as it further optimises envi-
ronmental conditions (Figure 10). On the other hand,
non-significant variations in colder months will probably
ensure that larvae remain close to the shore, where they
have better chances of surviving. Spring Lasker events
{consecutive days with weak wind-generated turbulence)
may become less frequent but they may still be sufficiently
frequent so as to not affect larvae survival rates since
spawning occurs mainly from late autumn to early spring
Together, these conditions are likely to enhance sardine
production along the Northwest coast.

A totally different scenario is predicted for the Southwest
coast (Peniche—Cape 5. Vicente). Here, the strengthening
of spring and summer upwelling (which is nowadays
already intense) is likely to produce extreme turbulence and
a light-limited phytoplankton population, resulting in a
reduction of primary productivity. As a consequence, mor-
tality during the early stages of life may increase, thereby
weakening annual recruitment (young specimens that join
the exploited stock) to fisheries.

Along the Algarve coast, it is expected that sardine abun-
dance will not change because no modifications in the
upwelling and turbulence regimes are foreseen.

Bluefin Tuna

It is likely that an increase in sea surface temperature will
considerably alter the population dynamics of T. thynnus.
Although the full set of biological and physico-chemical
characteristics that define spawning areas and reproductive
success is so far unknown, it seems reasonable to forecast
an enhancement of recruitment and a recovery in bluefin
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abundance in the next decades, based on the events that
ocurred during the last period of warming.

Apart from altering production, ocean warming might also
allow bluefin to extend its summertime trophic migrations
further northward, into new feeding grounds. The Northern
Seas may again become populated with T. thynnus, at the
same time that small warm-water pelagics (e.g. sardine)
replace characteristically autochthonous species (e.g. her-
ring)l.

QOctopus

Current knowledge shows that temperature strongly
influences Octopus vulgaris metabolic activity, and con-
sequently feeding and growth rates. Therefore, higher
sea temperatures during autumn are likely to allow young
planktonic octopuses to grow faster and thereby increase
their chances of survival, provided that there is enough
food available. Starvation and cannibalism may become
maore impaortant, while the risk of predation may be
diminished due to the shortening of the planktonic
phase.

During winter and spring, adverse environmental condi-
tions may become less frequent, thereby reducing the prob-
abilities of mortality. Enhanced sea bottom salinity and tem-
perature may allow individuals to remain closer to shore
and to grow even in winter. Consequently, population bio-
mass is likely to be enhanced.

Adaptation Measures
Sardine

The adoption of distinct management decisions for the
three regions in which the Portuguese coast was divided
{Morthwest, Southwest and Algarve) is probably the best
policy to deal with the different changes in distribution and
abundance of sardine. Efficient management policies must
be enforced in order to maintain catches close to the stock's
maximum sustainable yields, namely by regulating fishing
effort, mesh size, bans, etc., and considering market poli-
Cles.,

Bluefin Tuna

The success of adaptation measures to changes in bluefin
abundance due to climate change can only be possible if
the recommendations made by the International Council
for the Conservation of Atlantic Tunas (ICCAT) are enforced
by all the countries that exploit this marine resource, since
it is currently being overfished. MNamely, minimum catch
sizes must be respected, as well as total allowable catches
and fishing bans.

Remote sensing and tagging experiments may also become
helpful in designing management policies, since changes in
the distribution patterns of bluefin due to environmental
changes will probably require a reallocation of fishing effort.

Octopus

Traditional fishing techniques for octopus (mainly with clay
pots) should be encouraged as a response to the predicted
increase in this species’ abundance. As opposed to the com-
bination of trawling and traps, traditional techniques are
maore sustainable, since bycatch is less significant, only
large specimens are caught, and the loss of fishing gears is
less harmful to the environment (lost pots are even bene-
ficial, since they provide new homes).

Research Gaps

The main difficulties in predicting future impacts of climate
change on fished species lie in the fact that many aspects
of (current and past) environmental influence on the dis-
tribution and abundance of marine organisms are still not
clear. Unknown processes of parasitism, predation and
competition may also develop, leading to unexpected po-
pulation dynamics. Consequently, it must be stressed that
nearly all the conclusions drawn in the present study are
attached to much uncertainty.

Further investigation of current data records should be con-
tinued, as long as laboratory experiments, when necessary.
In situ estimations of recruitment success would also pro-
vide significant insight on the importance of environmen-
tal factors, apart from better quantifying recruitment vari-
ability.

Nevertheless, the major gap in the present study was the
restriction to only three species. Numerous maring groups
were not represented, such as mammals (e.g. dolphins),
elasmobranchs (e.g. sharks), crustaceans (e.g. lobsters),
demersal finfish (e.g. congers), flatfish (e.g. sole), efc.
Portuguese freshwater species were not discussed either, as
well as migratory species such as eel, lamprey and shad. It
is highly likely that these species will be severely affected
by climate change, namely by the reduction of rainfall and
by the increase of surface termnperature. The disequilibrium
of freshwater ecosystems should thus be addressed
promptly, in erder to mitigate the more adverse conse-
quences.

In conclusion, it is highly likely that the abundance and dis-
tribution of some species will be afected, being “replaced”
by others that are nowadays regarded as uncommon. In
this context, there should be made an effort to increase the
flexibilility of management measures applied to marine
resources, along with the promotion of a greater opening
in the market of fish products.
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