





3 FUTURE ENVIRONMENTAL IMPACTS AND VULNERABILITIES

Photo 3.3 Tropical forests, notably rainforests, harbour the majority of terrestrial biodiversity. Although
research is less thorough than in other domains and quantitative estimates of diversity are difficult to
obtain in the tropical domain, current knowledge robustly shows that tropical forests with their high
endemism are of key relevance for the preservation of the Earth’s biodiversity. Left: Primary rainforest
stream scene within Gunung Mulu National Park, Sarawak, Borneo. Right - top: Flower of the worlds
largest flowering plant from genus Radfflesia, at Poring Hot Springs, Borneo. Right — bottom: A Tomato
Frog (Dyscophus antongilii) found at night in a tropical primary rainforest in the Makira Forest, Madagas-
car.Amphibian species such as the Golden Toad from Costa Rica’s Monteverde cloud forests are among
the first species possibly having gone extinct due to climate change (cf. review of extinction risks from
climate change in Fischlin et al. 2007, section 4.4.11, p. 230, Figure 4.4, Table 4.1).

and other forms of anthropogenic disturbances may
have significant ramifications, including impacts on
tropical biodiversity (e.g. Pimm and Raven 2000,
Pitman et al. 2002, Phillips et al. 2008), a situation
in which climatic change is expected mainly to ex-
acerbate the threats to biodiversity (e.g. Fischlin et
al. 2007 [section 4.4.11], IPCC 2007b).

Non climatic drivers: Many humid and sub-
humid tropical forests are degraded by human ac-
tivities such as pasture and commercial agriculture
expansion, high-intensity logging, including shifting
cultivation, fire, mining, and generally an overexploi-
tation of forest resources, e.g. unsustainable logging
(Zhao et al. 2005).

In particular, the continued conversion of large
areas of humid tropical forests to pasture or other
agricultural land uses (Houghton 2007) is understood
to be a major driver for ecosystem change and loss of
biodiversity in Amazonia (Watson et al. 1997). Sub-
stantially large deforestation in Amazonia can reduce
evapotranspiration that would lead to less rainfall
during dry periods in large forest and rangeland ar-
eas, with mountain ecosystems and transitional zones
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between vegetation types. The superimposition of
global warming-driven climate change could make
these areas extremely vulnerable to change (Watson
etal. 1997).

In tropical Asia climate change will also add to
other pressures resulting from rapid urbanization,
industrialization and economic development (Hassan
et al. 2005). These trends have often led to unsus-
tainable exploitation of natural resources, increased
pollution, land degradation and numerous other en-
vironmental problems (Watson et al. 1997).

In Africa, tropical forests and rangelands are cur-
rently under threat from population pressures and
land-use systems (e.g. Achard et al. 2002, Hassan
et al. 2005). Apparent effects from these pressures
include rapid deterioration in vegetation cover,
biodiversity loss, and depletion of water availabil-
ity through destruction of catchments and aquifers
(Watson et al. 1997). Floristic biodiversity hotspots,
such as the mountains of Cameroon and the Afro-
mountain habitats that stretch from Ethiopia to the
higher latitudes of Africa at altitudes above 2000
m, could be threatened by shifts in rainfall patterns.

Geoffrey Kay
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3 FUTURE ENVIRONMENTAL IMPACTS AND VULNERABILITIES

Biodiversity on the mountains could be at risk from
an increase in temperature, and because migration
may be impeded (Zhao et al. 2005).

3.7.4 Projected Future Impacts and
Autonomous Adaptation

Projected future responses of tropical forests to
environmental change show significant variation,
partly due to incomplete data from that region, to
differences among the models of ecosystem function
derived from the existing databases, and to differ-
ences in future climate scenarios generated by the
GCMs (Aber et al. 2001, Zhao et al. 2005). Since
particularly tropical forests are subject to many other
human made pressures, notably land-use change, im-
pacts of climate change need to be discussed together
with those other changes. However, such research is
challenging and is particularly lacking in the tropics,
which impedes assessments of the impacts of climate
change for this domain.

Ecosystem shifts: In the long term, significant
shifts in the spatial distribution and extent of tropi-
cal forests are very likely, not least because of the
interaction of climate-change impacts with the many
non-climatic environmental changes taking place in
the tropics (e.g. Huntingford et al. 2008, Nepstad et
al. 2008).

In Thailand, for example, the area of tropical
forest has been projected to increase from 45% to
80% of total forest cover, whereas in Sri Lanka, a
significant increase in dry forest and a decrease in
wet forest could occur due to climate change (Watson
etal. 1997).

Major changes are also projected for the tropical
rainforest of north Queensland in Australia (Hilbert
et al. 2001), in part because of its constrained ge-
ography. An increase in global temperature by only
1°C causes the area of lowland mesophyll vine for-
est environments to increase, and results in a loss of
core environment for endemic vertebrate species in
lowland and mid-altitude areas. Depending on the
precipitation, the upland complex notophyll vine for-
est environments respond positively or negatively.
Increased precipitation favours the rainforest types,
whereas decreased rainfall increases the area suitable
for forests dominated by sclerophyllous genera such
as Eucalyptus and Allocasuarina. The habitats for
many endemic vertebrates on the highlands are pro-
jected to decrease by 50% threatening many endemic
species with eventual extinction. Many endemics are
especially vulnerable because the capacity to lati-
tudinal dispersal is relatively limited (Williams et
al. 2003). A complete loss of the core environment
would occur if the temperature increased by =5°C
(see also Fischlin et al. 2007). Substantial elevation

shifts of ecosystems in the mountain and upland ar-
eas of tropical Asia are projected for most climate-
change scenarios (Watson et al. 1997). Some authors
have reported significant effects of climate change
on soil erosion from experiments in central Nepal,
leading to deposits on agricultural lands, in irriga-
tion canals and streams affecting crop production
(Sivakumar et al. 2005).

In the tropics the ability of species to reach new
climatically suitable areas will be further constrained
by habitat loss and fragmentation and by their ability
to migrate to and survive in appropriate surrogate
eco-zones — autonomous adaptation processes —
which could also be affected by alien invasive spe-
cies (Thomas et al. 2004, Fischlin et al. 2007, Ward
and Masters 2007). Also due to such mechanisms
tropical forests in Central America and Amazonia,
are at significant risk from climate change (Scholze
et al. 2006). A number of climate models projected
under scenarios from cluster stable (2xCO,) suggest
a reduction of low-level cloud formation in regions
such as in Monteverde and elsewhere in Costa Rica.
Changes in the dynamic equilibrium of the cloud for-
ests trigger altitudinal shifts in species ranges, subse-
quent community reshuffling, biodiversity losses and
possibly even forest dieback (Foster 2001).

Water: Possible consequences for water bal-
ance in combination with higher temperatures and
changes in precipitation under stable to growth sce-
narios (global warming 2-3°C over pre-industrial
levels) showed an increase in runoff in most parts
of tropical Africa and north-west South America,
and less runoff in west Africa and Central America
(Scholze et al. 2006). High risks of reduced runoff
resulted from simulations with an increase in global
mean temperature >3°C (growth or fast growth) in
Amazonia, Central America and western Africa.
The large variations in rainfall, which cause either
drought or flooding in South and Central America,
are associated with the ENSO (see glossary) phe-
nomenon (Sivakumar et al. 2005). The properties
of a large proportion of tropical forests vary with
the seasonal availability of soil water. Species lack-
ing morphological or physiological adaptation, such
as some evergreen species, may not survive under
water-stress conditions, which ultimately could alter
species composition (Zhao et al. 2005).

Losses of tropical forest cover due to climate
change according to scenario growth (e.g. Hunting-
ford et al. 2008) are expected to feedback on hydrol-
ogy, both regionally and globally (cf. this report,
sub-chapter 3.7.2, e.g. Webb et al. 2006, Bala et al.
2007, Cowling et al. 2008, Nepstad et al. 2008).

The impacts of climate variability and change
in the arid and semi-arid tropics of Africa can be
described as those related to projected temperature
increases, probably leading to increased open water
and soil/plant evaporation in combination with pre-
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cipitation decreases. Desertification in Africa is an
example of declining mean rainfall during the last
half of the 20th century that has caused a 25-30 km
south-west shift in Sahel, Sudan and Guinea vegeta-
tion zones at an average rate of 500-600 m/a (Zhao et
al. 2005). Similarly, soil moisture is likely to decline
in Asia, and therefore the least dryland type (dry
sub-humid drylands) is expected to become semi-
arid and semi-arid land is expected to become arid
(Sivakumar et al. 2005).

Fire: Fire risks have generally increased because
warmer temperature together with decreased land
precipitation or prolonged drought is likely to ac-
cumulate fuels from dying vegetation (Nepstad et
al. 2004). With a likely increase of droughts due to
a prolonged dry season or the ENSO driven phe-
nomenon of inter-annual variability, the incidence of
forest fires is also expected to increase (Alencar et al.
20006). In Asia, climate change may influence fires,
which in turn could significantly affect the structure,
composition and age diversity of forests in that re-
gion. In particular growth and fast growth scenarios
project significantly more frequent forest fires in the
arid and semi-arid regions of Asia. More frequent
wildfires are also likely in South America, includ-
ing Amazonia, which are particularly pronounced
under growth scenarios (>3°C, Scholze et al. 2006).
Moreover, drier conditions can trigger insect dam-
age or cause large-scale vegetation shifts (Shlisky
et al. 2007).

Pests and disease: Primary forests, secondary
forests, plantation forests and agroforestry systems
of the subtropics and tropics all experience strong
effects from plant pests and pathogens (e.g. Goy-
er 1991, Su-See 1999, Rice and Greenberg 2000,
Mitchell 2002, Wingfield and Robison 2004, Bell et
al. 2006, Heath et al. 2006, Ofori and Cobbinah 2007,
Hall 2008b). Under all clusters of climate-change
scenarios, consequential changes in the strength and
form of forest pestilence are anticipated, with greater
changes in pestilence accompanying greater changes
in climate.

Compared to more poleward ecosystems, where
temperature changes are expected to be the dominant
driver, patterns of pestilence in the tropics and sub-
tropics are likely to be more responsive to changes
in moisture availability. Regions that become dryer
are likely to experience increases in tree mortality
from various insect herbivores and pathogens as the
tree species that are presently there become physi-
ologically mismatched with the changing climate
(Van Bael et al. 2004, Desprez-Loustau et al. 2006).
Regions that become wetter are likely to experience
increases in tree mortality from hydrophyllic patho-
gens (Jonsson 2006).

On the other hand, some areas may become suit-
able for valuable tree species because of reduced
climatic suitability for some pests and diseases. In-
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creased progress in the development of models that
predict pest and disease systems across a range of
climates could allow the more detailed predictions
that are needed for the adaptive responses of hu-
mans interacting with these forests (Wharton and
Kriticos 2004, Battisti et al. 2006, Avelino et al.
2007, Nahrung et al. 2008). In intensively managed
forests (plantations and agroforestry), the near-term
future of forest pestilence will also be influenced by
the human-aided movement of pests and pathogens
(Roux et al. 2006, Andjic et al. 2007), the choice of
tree genotypes for planting (Stone 2001, Ramirez
et al. 2004, Dhakal et al. 2005), the extent and pat-
terning of low-diversity stands (Folgarait et al. 1995,
Schroth et al. 2000, Staver et al. 2001), and changes
in the surrounding landscape that influence the natu-
ral enemies of plant pests and pathogens (Terborgh
et al. 2001, Cunningham et al. 2005, Tylianakis et
al. 2007).

3.7.5 Future Opportunities and
Services at Risk

Opportunities: Climate change in general will result
in adverse impacts on the natural resources including
forests even though some areas would benefit, such as
increased rainfall in the highlands of east Africa and
equatorial central America that would make marginal
lands more productive than they are now (Watson et
al. 1997). Even if greenhouse gas emissions were
brought to a halt (unavoidable), further warming
would still occur (IPCC 2007c, Figure 3.1). Even
with such a modest rate of warming (0.6°C/century)
and assuming otherwise minimal anthropogenic dis-
turbances, some ecosystems are still expected to be
affected by changes in their species compositions.
However, mitigation of climate change could avoid
or minimize many further adverse impacts projected
to occur later. For example, the loss of tropical forests
and grasslands could be avoided, although in the long
run forest may switch from a carbon sink to a net
carbon source, perhaps only as late as 2170 (Arnell
etal. 2002). The areas with high biodiversity extinc-
tion risk are also reduced considerably with climate-
change mitigation (Thomas et al. 2004, Fischlin et
al. 2007, IPCC 2007b, IPCC 2007d).

Services at risk: Natural disturbance regimes such
as fire, insects and disease may potentially affect for-
ests, including their goods and services. This is now
more widely recognized in the forest management
portfolios of the majority of countries having tropi-
cal forests within their territory. However, these are
not enough to stop changes in the remaining tropi-
cal forests. What is called for are effective climate
mitigation to protect existing tropical forests from the
negative impacts of climate change and a different
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form of development in tropical countries from that
of now industrialized nations (Gullison et al. 2007).
Finally, carefully regulated markets appear to be re-
quired to halt or at least to slow down widespread
impoverishment and/or losses in the remaining tropi-
cal forests (Lewis et al. 2004a, Hall 2008a).

The climate in tropical Asia is characterized by
distinct seasonal patterns associated with the two
monsoon seasons and the occurrences of tropical
cyclones in three cyclogenesis core areas (Bay of
Bengal, north Pacific and South China Sea). The
climate records show that the ENSO phenomenon
has been more frequent and stronger since the 1970s
(e.g. Trenberth and Hoar 1996, Trenberth et al. 2007)
and has escalated the risk of drought and fire, add-
ing to other pressures such as rapid urbanization,
industrialization, unsustainable exploitation of
natural resources, increased pollution, land degra-
dation, and other environmental problems (Watson
etal. 1997).

Seasonal and inter-annual climate variability con-
tributes particularly to the vulnerability of many re-
gions, e.g. in South America and Australia. Through
disturbances such as drought and fire the ENSO
phenomenon adversely impacts socio-economies,
if those depend heavily on the production of the re-
gion’s natural ecosystems. If coastal, such regions
may also be particularly at risk from other extreme
events such as future tropical cyclones. With warm-
ing tropical sea-surface temperatures, hurricanes
are likely to become more intense, to have stronger
peak winds, and to bring heavier precipitation (IPCC
2007d). Although some climate models project glob-
ally decreasing frequencies for tropical cyclones, sig-
nificant uncertainties remain (IPCC 2007d).

3.7.6 Key Vulnerabilities

Carbon storage: Effects from elevated atmospheric
CO, concentrations on sequestration of carbon in
tropical forests are still debated (e.g. Morgan et al.
2001) and the evidence is not unequivocal (Fischlin et
al. 2007, section 4.4.1). Phillips et al. (1998) showed
that neotropical forests have acted as carbon sinks for
the last three decades. Under the simplest scenario
of a steady rise in forest productivity over time, it
is expected that relatively slow-growing, but other-
wise little changing, tropical forests would still act
as carbon sinks, perhaps for a century and beyond.
The actual magnitude and spatial distribution of this
C-sequestration service are influenced by changes in
the vegetation structure through changing climate
and water availability (Cramer et al. 2001). How-
ever, the contribution of tropical forests in slowing
down climate change by sequestering carbon has
also been projected to diminish in coupled vegeta-

tion-atmosphere models, which explicitly consider
feedback mechanisms (e.g. Cox et al. 2000, Cox et
al. 2004, Cox et al. 2006, Friedlingstein et al. 2006).
Simulations using a scenario from cluster growth
(IPCC 1S92a) show a terrestrial carbon sink during
the 1990s of 1.4-3.8 PgC/a, but ~2090 the sink is
reduced to 0.3—6.6 PgC/a (Cramer et al. 2004). An-
other land carbon-sink simulation found for the late
20th and throughout the 21st century a persisting sink
with a strength of ~1 PgC/a (<2°C, scenario clus-
ter growth). A global warming of 2-3°C, however,
showed an increasing sink only up to the middle of
the century and thereafter it declined (Scholze et al.
2006). Such sink saturation effects were found to oc-
cur possibly as early as in the first half of this century
(Fischlin et al. 2007, Figure 4.2, p. 222). A global
warming of >3°C showed that the sink increases, but
less strongly up to the middle of the century, then
declined and turned in some cases into a net carbon
source towards the end of this century (Scholze et
al. 2006). Assuming continuation of current trends
of emissions and land-use change, IPCC reported re-
cently that it is very likely that land ecosystems turn
into a net source before the end of this century, thus,
significantly accelerating climate change (Fischlin
et al. 2007, p. 213, IPCC 2007b, p. 11).

Biodiversity: Climate change could be the biggest
cause of increased extinction rates in many regions,
especially in the tropics (Thomas et al. 2004, Fischlin
etal. 2007), and land-use change, such as deforesta-
tion, is also an important and synergistic driver (cf.
Sala et al. 2000, for a recent, comprehensive review
see Fischlin et al. 2007). Deforestation and degrada-
tion through infrastructure development, plus non-
sustainable practices, result in fragmented forests and
biomass losses at large spatial scales, which could
be greater in CO,-induced climate change (Zhao et
al. 2005). The results are again impoverished forests
with reduced productivity.

3.8 Conclusions

At a worldwide scale, global change pressures (cli-
mate change, land-use practices and changes in at-
mospheric chemistry) are increasingly affecting the
supply of goods and services from forests (Easterling
and Apps 2005). Moderate climate change alone (un-
avoidable, stable) would already put some sensitive
ecosystems within the tropical domain at a consider-
able risk, especially those transitional between two
different vegetation classes or eco-zones. Climate
change threatens biodiversity, including some of the
most valuable biodiversity hotspots of Earth, risk-
ing not only major changes in species compositions,
but also highly significant and irreversible biodiver-
sity losses that will result in the loss of ecosystem
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goods and services with severe consequences for
forest communities. Considering also anthropogenic
disturbances such as forest fragmentation and poor
capacity for fire management, many forest species
are expected to have difficulty in moving to climati-
cally suitable areas to survive (i.e. to adapt to climate
change). Under scenarios of growth (‘business-as-
usual’) or fast growth, the resulting rapid global
change will continue to impact forests, with impor-
tant consequences for the ecosystem structure, its
biodiversity and its many provisioning, regulating
and socio-economic services; these include hydro-
logical regulation, carbon sequestration, fires, pests,
pathogens and forest health in general as well as
ecotourism and the subsistence livelihoods of in-
digenous peoples.

Forests harbour a large fraction of the Earth bio-
diversity, perhaps as much as three quarters of the
terrestrial biodiversity, with the tropical domain con-
taining very likely already one quarter. Many studies
show significant biodiversity losses at the ecosystem,
species and genetic levels. Species extinction rates
are driven by the magnitude or intensity of climate
change, since they affect species distribution and
composition (Thomas et al. 2004, Fischlin et al.
2007). One study estimated global extinction risks,
ranging from average extinction rates of ~18% (un-
avoidable, lower end stable), over ~24% (stable), to
~35% (growth Thomas et al. 2004). The comprehen-
sive meta-analysis by IPCC (Fischlin et al. 2007) es-
timated that, on average, roughly 20-30% of vascular
plants and higher animals are at an increasing risk of
extinction as temperatures increase by 2—-3°C above
pre-industrial levels (IPCC 2007b, p. 11). Although
current knowledge does not permit predictions of
precise tipping points, where some degree of biodi-
versity loss leads to substantial changes in structure
and functioning of ecosystems, it is very likely that
the projected losses in biodiversity are highly sig-
nificant and will result in consequential changes in
the ecosystem services currently provided.

Based on the presented CCIAV assessment at the
global scale as well as for each of the four domains
— boreal, temperate, subtropical and tropical — the
following key vulnerabilities were identified:

@ Globally, forest ecosystems are sufficiently resil-
ient and can adapt to impacts of limited climate
change according to scenarios from cluster stable,
particularly in currently temperature limited or
humid climates, by maintaining similar or in-
creased levels of productivity. However, in drier
medium wet, semi-arid to arid climates, forest
productivity is projected to decline. Regardless of
changes in productivity, species compositions are
projected to be significantly altered, e.g. from bo-
real to mixed-deciduous, from boreal to grassland,
from mixed-deciduous to deciduous, or deciduous
to savanna.

ADAPTATION OF FORESTS AND PEOPLETO CLIMATE CHANGE

@ Globally, forest ecosystems have difficulty adapt-
ing to impacts from climate change according to
scenarios from cluster growth or fast growth, in
particular in submesic, semi-arid to arid climates,
where productivity may decline to an extent that
no longer supports forests or even trees. In such
cases forest systems will become grasslands, sa-
vannas, or even deserts. In humid climates, forests
are projected to continue to grow or expand. The
overall balance is positive for scenarios at the
lower bounds, but tends towards a negative bal-
ance for scenarios at the upper bounds of cluster
growth. Several models project a significant risk
(>40%) of losing entirely current carbon-regulat-
ing services, as land ecosystems turn globally into
anet source of carbon beyond a global warming of
3°C or more relative to pre-industrial levels. Such
effects are projected to be even more pronounced
in the next century, as development pathways from
the upper end of clusters growth and fast growth
are still far from having reached a new climate
equilibrium by ~2100.

© Boreal forests are projected to increase their pro-
ductivity, in the northern taiga even under scenari-
os from cluster growth. However, at the same time
those forests are projected to be impacted by an
increased prevalence of fires and insect pests, and
the overall balance of losses in the southern areas
vs. the smaller gains in the northern parts is likely
to be negative, particularly within this century.
Moreover, the carbon emissions from thawing and
burning peatlands in northern boreal taiga systems
are projected to further enhance climate change.

@ Temperate forests are projected to increase their
productivity in northern poleward areas for cli-
mate-change scenarios from cluster stable, where-
as the equatorial areas show declining productivity
under the same scenarios. The overall balance is
more likely than not positive. However, for sce-
narios from cluster growth and fast growth, the
overall balance is highly uncertain with consider-
able simultaneous risks from drought, fire, pol-
lution, habitat fragmentation and possibly more
opportunities for invasive alien species arising
towards the end of this century and beyond. They
are projected to tip the balance further towards the
dominance of negative effects.

@ Productivity in most subtropical forests is pro-
jected to decrease under a wide range of climate-
change scenarios. Fire frequencies are expected
to increase, yet may reach saturation or may even
diminish when conditions become so dry that de-
creased production leads to less fuel accumula-
tion. In this domain, several biodiversity hotspots
are threatened by a wide range of climate-change
scenarios, and the well-being of many people de-
pending on current productivity levels is increas-
ingly at risk.
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@ Tropical forests are projected to increase their
productivity wherever sufficient water is avail-
able. However, in seasonal dry or otherwise drier
climates, tropical forests are projected to decline.
Not only significant provisioning but also globally
important regulating services are at risk. Climate
feedbacks from local climate to the global carbon
cycle may have major implications for the global
climate and may contribute towards an accelera-
tion of climate change. Moreover, the tropical
domain harbours major amounts of the Earth’s
biodiversity, and substantial biodiversity losses
are to be expected.

¢ High altitude systems that maintain forests are
expected to lose biodiversity as the capacity for
these species to move to suitable climate domains
is extremely limited. According to current under-
standing, tropical mountain forest species systems
are most at risk in this regard.

Since our analysis showed that many forests are
highly vulnerable to unmitigated climate change
(scenarios from cluster growth), merely strengthen-
ing adaptation will be insufficient to maintain, let
alone enhance, the multitude of ecosystem services
forests currently provide. Moreover, since forests
may release large quantities of carbon if impacted
by climate-change stressors or otherwise degraded,
they may exacerbate climate change unless such
feedbacks are slowed down. Thus, what is called
for in addition to adaptation is climate mitigation
and lessening non-climatic pressures, notably a
large reduction in fossil-fuel emissions as well as
stopping deforestation, that effectively curb climate
change and enable forests to maintain their adaptive
capacity.
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