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ABSTRACT

In the last 100 years, the global mean temperature has increased approximately 0.6°C and is predicted to
increase approximately 1.1°C to 6.4°C in the end of 21% century. On the other hand, deforestation still continues
with the rate of -5.2 million hectares per year. This global climate change phenomenon in physical dimension has
been analyzed in detail; yet its effect to the changes of biodiversity particularly in tropical forest ecosystems is still
poorly understood. From the literature review, it is clear that there is correlation between global climate change and
tropical forest ecosystems. The effect of climate change to forest ecosystems itself includes species range shifts,
species extinction risks, biome shifts, and biogeochemical cycling. Furthermore, the deforestation of tropical forest
ecosystems also has reverse effects to the global climate change, i.e. is increasing the amount of green house gasses
which directly changes the three climatic variables which are the Earth surface temperature, the total precipitation,
and the atmospheric moisture convergence.

Keywords: Global climate change, biodiversity, tropical forest ecosystems

ABSTRAK

Dalam 100 tahun terakhir, suhu rata-rata global telah naik sekira 0.6°C dan diprediksi akan naik sekira 1.1°C
sampai 6.4°C pada akhir abad ke-21. Di sisi lain, laju pengurangan hutan masih berlanjut pada kisarat -5.2 juta
hektar per tahun. Fenomena perubahan iklim global ini secara detil telah dibahas dalam dimensi fisiknya tetapi
pemahaman tentang pengaruhnya terhadap biodiversitas khususnya di wilayah tropis masih belum banyak diketahui.
Dari studi pustaka jelas diketahui bahwa perubahan iklim global memiliki hungungan timbal balik dengan ekosistem
hutan tropis. Pengaruhnya sendiri antara perubahan iklim terhadap ekosistem hutan tropis meliputi perpindahan
distribusi suatu jenis, risiko kepunahan suatu jenis, perpindahan bioma, dan siklus biogeokimia hutan. Selanjutnya,
laju deforestasi yang selama ini terjadi pada ekosistem hutan tropis, diketahui juga memberikan pengaruh pada
perubahan iklim global yaitu dengan meningkatkan gas rumah kaca yang secara langsung mempengaruhi tiga
variabel iklim yaitu suhu permukaan Bumi, total curah hujan, dan konvergensi kelembapan atmosfer.

Kata kunci: Perubahan iklim global, biodiversitas, ekosistem hutan tropis

INTRODUCTION

Global climate change is now a well-known
complex phenomenon and is often discussed
by a view point of mitigating the effects of
anthropogenic emissions of greenhouse gases.
231 Although its physical dimensions have been
analyzed in detail %67 the effect of global
climate change on biodiversity, particularly in the
tropics, are poorly understood.®® The evidence for
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biotic responses to global climate change is clear
for high latitudes but sparse and controversial for
tropical latitudes.” % ' For instance, several
studies have shown that climate change has an
impact on plant distribution in Europe.!!% 13- 141
The effect of climatic change on tropical
forest ecosystems becomes global as well
as regional concern because of its impact on
tropical forest’s high biodiversity and its potential
feedback to the carbon, water, and nutrient
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cycles.l!* 1617181 Tropical forests are kinds of
tropical vegetations that have already been facing
threats from deforestation, fragmentation and
habitat degradation.['-2*-21:22]. They are likely to
encounter further challenges from the ongoing
and impending changes in climate. Although the
role of tropical forests as both sinks and sources
of carbon has been well recognized *24:25.26.27. 28]
less is known about the impact of climate change
on tropical biotas.*- 3031321

Tropical forests are among the biologically
richest ecosystems on Earth®* 3% 35361 byt are
being rapidly degraded and destroyed by
habitat conversion, wood extraction, hunting,
and atmospheric change.?®”-33%41 These forests
are also vulnerable to global warming and
other large-scale environmental change™!-#?, but
much uncertainty existing about the nature and
magnitude of these anthropogenic impacts on the
tropical forest organisms.B* 4!

TROPICAL FOREST ECOSYS-
TEMS

Tropical forest ecosystems circle the Earth
around the equator i.e. between the tropics of
Cancer and Capricorn.’ This includes very
diverse types of forests, including rainforests,
mangroves, montane forests, dry forests and

savanna system’! and supports a huge number
of tree species.[* 446471 Tropical forests cover
7-10% of the global land area, store 40-50%
of carbon in terrestrial vegetation and annually
process approximately six times as much carbon
via photosynthesis and respiration as humans
emit from fossil fuel use.[*% 4!

FAOPY and IPCCPY reported that the global
forest cover is 3,952 million hectares, which
is about 30 percent of the world’s land area.
Furthermore, in 2010, FAOP®? reported that the
world’s total forest area is estimated to be just
over 4 billion hectares, which is about 31 percent
of the total land area (Figure 1). Most relevant
for the carbon cycle is that between 2000 and
2010, net change of deforestation continued at a
rate of -5.2 million hectares per year. This rate is
lower than that of -8.3 million hectares per year
during the period of 1990-2000. This substantial
reduction is due to both a decrease in the defor-
estation rate and an increase in the area of new
forest established through planting or seedling
and the natural expansion of existing forests.
521 The largest loss in the period of 2000-2010
is still in Brazil, Australia, and Indonesia (Table
1). Meanwhile, in the period of 2000-2010, the
largest annual net gain in forest area is in China,
USA, and India (Table 2).

l:‘ Water

. Forest (> 10 percent tree cover)

|:| Other land

Figure 1. The world’s forests area.l*”



Table 1. Five countries with largest annual net loss of forests area, 1990-2010. 52
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Annual change 1990-2000 Annual change 2000-2010
Country Country
1000 ha yr? % 1000 ha yr? %
Brazil -2.890 -0.51 Brazil -2.642 -0.49
Indonesia -1.914 -1.75 Australia -562 -0.37
Sudan -589 -0.80 Indonesia -498 -0.51
Myanmar -435 -1.17 Nigeria -410 -3.67
Nigeria -410 -2.68 Tanzania -403 -1.13

Table 2. Five countries with largest annual net gain in forest area, 2000-2010. 2

Annual change 1990-2000 Annual change 2000-2010
Country Country
1000 ha yr?* % 1000 ha yr?* %
China 1.986 1.20 China 2.986 1.57
USA 386 0.13 USA 383 0.13
Spain 317 2.09 India 304 0.46
Viet Nam 236 2.28 Viet Nam 207 1.64
India 145 0.22 Turkey 119 1.11
GLOBAL CLIMATE CHANGE of forecasting species range shifts, extinction

Climate change refers to a change in the state of
the climate that can be identified by changes in
the mean and/or the variability of its properties
and that persists for an extended period, typically
decades or longer.* 3355 Over the past 100 year,
the global average temperature has increased by
approximately 0.6°C and is projected to continue
to rise at a rapid rate.l%37-38 TPCCP®* was reported
the projection of the average surface temperature
in six different scenarios (B1, B2, A1B, A1T,
A2, and A1FI). The lowest future emissions
trajectory scenario (B1) predicted that the surface
temperature will increase by 1.8°C (1.1°C to
2.9°C) in 2100, meanwhile, the highest future
emissions trajectory scenario (A1FI) predicted
that the surface temperature will increase by
4.0°C (2.4°C to 6.4°C) in 2100 (Figure 2). It
means that by the end of the 21st century, large
portions of the Earth’s surface may experience
climates not found at present time, and some 20th
century climates may disappear.”)

CLIMATE CHANGE EFFECTS
TO FOREST ECOSYSTEMS
Climate is one of the primary constraints on

species distributions and ecosystem function
and ecologists are faced with the challenge

risks, biome shifts, altered disturbance regimes,
biogeochemical cycling, and other ecological
responses to climate change.®! Simulation study
in order to investigate the response of vegetation
to global warming and rainfall anomalies has
been done by White et. al.1' and found that there
are four key changes predicted to cause changes
in vegetation area. Those four key changes are:

1) Some areas of tropical evergreen forest in
Amazonia were predicted to change to sa-
vanna, grassland or even desert by the 2080s,
in response to warming of over 7°C and
decreasing in rainfall of up to 500mm yr,

2) Large areas of tropical C4 grassland (e.g. in
the Sahel, India and Australia) were lost to
desert by the 2080s in response to warming,
increasing CO, and decreasing rainfall, or
superseded by C3 grassland where rainfall
increased,

3) Annual precipitation decreases of up to
200mm yr' resulted in the conversion of
large area of temperate forest to grassland
or savanna in southern Europe and eastern
United States,

4) Needle-leaved boreal forest extended north-
wards in response to warming, with loss of
tundra and southwards in Asia in response to
increased precipitation.
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Figure 2. IPCC multi-model averages and assessed ranges for surface warming in six different emissions

scenarios.

Another study over tropical forest located in
Northern Queensland Australia has been done
by Ostendorf et. al.''® Ostendorf et. al. evaluate
how the spatial arrangement of forest pattern
may constrain vegetation change as predicted by
spatially static artificial neural network (ANN)
model. The ANN model quantifies a most suit-
able forest type based on the conditional on the
transition to the best-suited type. In that model,
they evaluate the effect of the 10°C increase of
mean annual temperature and the 10% decrease
of mean annual precipitation. Depending on the
strength of spatial effects included in the models,
the predicted future vegetation pattern differs by
1% to 10% of the study area. However, if in ad-
dition to spatial constraints ecological constraints
are also considered, the predictions may differ
by as much as 27% showing a relatively strong
dependence of prediction on assumptions about
patch-level processes.

Tropical mountain forest ecosystems are also
affected by climate change.[*"- ¢*! Foster study!®*
tried to explain the negative potential impacts
of climate change on tropical mountain cloud
forests. Foster!® argued that the cloud forest
will also be affected by climate changes, which
particularly cause changes in cloud formation.
A number of global climate models suggest a

reduction in the level of cloudiness due to the
coming of climate changes. One site in particular,
i.e. Monteverde - Costa Rica, appears to already
be experiencing a reduction in cloud immersion.
The coming of climate changes appear very
likely to upset the current equilibrium of the
cloud forest. He!®¥! also mentioned that the
difficulties for cloud forest species to survive in
climate-induced migrations include no remaining
location with suitable climate, no pristine location
to colonize, migration rates or establishment rates
that cannot keep up with climate change rates and
new species interactions.

In the species level, species will respond
individualistically toward the tropical climate
change and vegetation type may expand or con-
tract.[*+%] The study of Colwell et. al.' based on
species distribution models of plants and insects
in Costa Rica showed that about half (53%) of
the 1902 species are candidates for lowland biotic
attrition, and about half (51%) may be faced
with range-shift gaps. Then, the potential for
mountain top extinctions is minimal for a 600-m
shift in isotherms but begins to appear at about
1000-m range shift. Nevertheless, this species
distribution models use several assumptions
which are (1) the fundamental climatic niche
of each species is fully expressed by current



distributions; (2) the effects of climate outweigh
any idiosyncratic effects of species interaction,
dispersal limitation, demographic patterns, or
historical contingency; (3) the change will be
too rapid for adaptation to warmer temperatures
at lower range limits; and (4) the habitats at the
landscape scale are homogenous with regard to
microclimate.

FOREST ECOSYSTEMS
EFFECTS TO CLIMATE
CHANGES

In other perspectives, millions of hectares of for-
est has been changed into unforested area caused
by forest fire, illegal logging/wood extraction,
hunting, habitat conversion, and atmospheric
change.[?7:38:3.40.6Tl The deforestation of the areas
is affecting the regional climates especially of the
increasing of green house gasses.[** ! McGuffie
et. al."% describes the impacts of tropical defor-
estation on regional climates in terms of change
have been detected in five regions i.e. Northern
Amazon, Southern Amazon, Central Amazon,
Southeast Asia, and Africa. For each of these
regions, seasonal distributions of three climatic
variables are discussed which are the ground (or
soil) surface temperature, the total precipitation
and the atmospheric moisture convergence. The
McGuffie’s resultsl’” showed that precipitation
always decreases following tropical deforesta-
tion. Although the ground surface temperature
increases in Southern Amazon and over Basin
as a whole, the Northern Amazon, Southeast
Asia and Africa all exhibit decreases in ground
temperatures. Then, atmospheric moisture
convergence decreases in the Amazon. In
contrast, the moisture convergence increased
over Southeast Asia and similar effect can be
seen in Africa. These changes suggest that
regional-scale circulation have been affected by
tropical deforestation. Furthermore, it is possible
that locations distant from the disturbed tropics
may also be affected.

Langman’s study'® also confirmed the effect
of deforestation to climate change due to the
vegetation fires. Fire emissions contribute to the
global budget of greenhouse gases and aerosol
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particles!’! 72 73. 74 751 resulting in direct and
indirect modifications of solar irradiation.’s 77}
The change of vegetation covered by fire itself
modifies local surface albedo, soil water’s hold-
ing capacity and surface evaporation, resulting
in complex interactions and feedbacks within
the climate system. Aerosol particles emitted
from vegetation fires modify the atmospheric
radiation budget by scattering and absorbing
solar radiation. Absorption and scattering of
solar radiation by smoke aerosols can also lead
to a reduction of cloud cover thereby cooling the
surface and heating the atmosphere as it has been
observed over the Amazon and the Mediterranean
area.l’s 7]

INDONESIAAND GLOBAL
CLIMATE CHANGE

Indonesia as an archipelago country in the tropic
region is also affected by climate change. Climate
change results in making the ocean temperature
warmer and in increasing the sea level surface.
The temperature and sea level surface are the
main drive for La Nina and El Nino-Northern
Oscillation (ENSO) in tropical Pacific Ocean
especially around Indonesia.®! ENSO is one
of the main contributor to inter-annual climate
variability affecting floods, forest fire and drought
in the tropical area.®"-#% Several studies show that
ENSO in Indonesia affects canopy tree recruit-
ment®], mast fuiting®¥, rainfall intensity™, tree
species composition and diversity®™, tree survival
and mortality®” ¥, forest biomass®!, and also
rice production.’®!

Initial indication of forest fire and/or drought
caused by ENSO could be identified by the num-
ber of hotspot which is detected within a certain
area.l””°!l During the period 0f2004-2011 (Table
3.a), the highest number of hotspot in Indonesia
occured on 2006 (146,264 hotspots) and the
lowest number of hotspot occured on 2010 (9,880
hotspots). In the year of 2008 (Figure 3.b),
the number of hotspots increased significantly
from July to September with the highest hotspot
occured in September. Compared to the data from
Meteorological Station in Bandung, Indonesial®*,
the shorthest rainfall and longest dry period
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occured in 2006/2007 (160 rainfall days and 200
dry days). These finding indicates that the highest
number of hotspot occured in dry season (Figure
3.b) and there might be a positive correlation
between the number of hotspot (Figure 3.a)
and the duration of dry season (Figure 3.c) and
maximum temperature (Figure 3.d) in Indonesia.

In the term of carbon sequestration and emis-
sion in Indonesia which are closely related to the
global climate change **, Finlayson!®! reported
that the carbon density dynamics clearly show the
consistent decline of carbon stock and Indonesia
has become a net emitter of the greenhouse gas.
Indonesia’s total net emissions were estimated
at 9.23 gigatonne of CO, equivalent with a rate
of 0.68 gigatonne per year (Table 3). Interesting
result shows that during the 1990-2000 period,

Indonesia’s emission rate was equivalent with
0.79 gigatonne of CO, per year. In more recent
period (2000-2005), the rate was lower (slowed
down to 0.47 per year), compared to 0.68 per year
during the previous period (1990-2005).

CONCLUSION

It is clear that there is interaction between global
climate change and tropical forest ecosystems.
The effect itself, in terms of the effect of climate
change to tropical forest, includes species range
shifts, extinction risks, biome shifts, and biogeo-
chemical cycling. Furthermore, the change of
tropical ecosystems, as a result of deforestation,
has a reverse effect to the regional climate change
which is increasing the green house gasses
and directly affect the three climatic variables

Table 3. Aboveground carbon-stock dynamics in Indonesia 1990, 2000, 2005

Periods 1990-2000 2000-2005 1990-2005
Total gross emission (Gt CO._e) 7.93 10.27
Total sequestration (Gt CO_e) 0.93 1.04
Total net emission (Gt CO,e) 6.99 9.23
Gross emission rate (Gt CO,e/year) 0.79 0.68
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Figure 3. The number of hotspot during the period of 2004-2011 in Indonesia (a); the number of hotspot in 2008
in Indonesia (b); the number of dry days during the period of 2003-2011 from Bandung Meteorogical Station (c);
and the maximum temperature during the period of 2004-2011 from Bandung Meteorogical Station.



which are the Earth surface temperature, the
total precipitation and the atmospheric moisture
convergence including increasing the aerosol
particle in the air.
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