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Abstract— Tropical dry forests (TDFs) occur in dryland
environments, which are characterized by prolonged periodsof
dry months. They experience distinct seasonality and high inter-
annual variability in climatic variables, particularly rainfall.
Despite the enormous ecological and livelihood importance of
TDFs, these forests are highly threatened by global changes.
Their significance is still overlooked in many countries’ national
policies. Current modeling frameworks show that drought,
precipitation, and temperature are highlighted as strong drivers
of tree growth and/or mortality in these forests. Well-valued and
sustainably managed TDFs have the potential to contribute to
climate change adaptation and mitigation, buffer against
erosion and desertification, and contribute to economic
development, food security, and poverty alleviation. TDFs suffer
notable disregard from research and development strategies. So
far, they have received far less attention from research and
development interventions as compared to the humid tropical
forests. Thus, greater awareness and appropriate policies and
investments are needed at various levels to counteract the
increasing vulnerability of people, forest ecosystems, and species
living in these fragile ecosystems. Further research is also
needed to generate knowledge on the status and significances of
TDFs and their responses in the face of the changing climate
S0 as to bring their sustainable management to the attention of
policymakers and managers.

Indexed Terms— sustainable management, Dry forests, Forest
management, Livelihood resilience, Threats.

I INTRODUCTION

In general, tropical forests are facing greater risks
both from human-induced and natural factors. This
is particularly true for tropical dry forests (TDFs),
whichare under severe upheavals due to man-
made and natural factors. Accounting for the
largest proportion (about 40%) of all tropical
forests (1), TDFs are reported to have substantial
roles in climate mitigation and adaptation mea-
sures by significantly contributing to the global
carbon stock, and supporting and regulating various
ecosystem services (2). These ecosystems are
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known to harbor diverse and multifunctional
landscapes and are inextricably linked to the lives
of millions of people across the globe.

TDFs are particularly vital for supporting
vulnerable households at times of hardships
(including those increasingly affected by climate
change and variability) (3). Despite their vast
ecological and socio-economic significances (4),
TDFs remain overlooked from research and
development interventions as compared to their wet
counterparts (5).

On the other hand, TDFs are disappearingat
alarming rates; they are receiving severe threats
from the exceptionally high rates of changes in land
use and climate. Although there is lack of
comprehensive and re- liable data on their rates of
deforestation and dynamics in the context of
climate change (6). On top of climate change,
population explosion, food insecurity, and
increasing demand for energy sources, and among
others, are adding more pressures to these
fragmented resources. This review is, thus, an
attempt to provide further insights into the state
of knowledge of tropicaldry forests and their
dynamics in the light of the changing climate and
management activities.

. RECENT STUDIES FOR DYNAMICS OF
DRY FORESTS

Using systematic review methods, an attempt was
made to synthesize a diverse range of evidence on a
wide array of topics related to TDFs. The author
also re- lied on own expert knowledge and
experiences in identifying and synthesizing relevant
articles. Based on a synthesis of the available
empirical evidence, the conservation status and the
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main drivers and/or threats to these resources were
evaluated, with particular focus to the climatic
drivers which, directly or indirectly, might
modulate the dynamics of these ecosystems.

Drylands are generally perceived as resource-poor
areas and hence attracted fewer development
endeavors (6). Earlier management plans were
largely associated with management of the more
bio-diverse tropical humid forests. Thus, dryland
resources (including dry forests) are still poorly
known and have not attracted the same level of
interestand investment as that of the humid tropical
forests despite the encouraging initiatives. As a
consequence of this pervasive misconception, TDFs
continued to degrade at higher rates. Theyare still
among the least studied ecosystems and remain
undervalued in many countries, and their
importance is overlooked in many national policies
and developmentprograms (10). Even though there
are some attempts (Table 1) to define dry forests,
there is still lack of agreement in developing
common understanding. It has been noted that this
is a complex issue and requires a further
comprehensive understanding of the complexity,
status, and roles of drylands in general and dry
forests in particular, as well as context-specific
approaches tailored to the unique conditions of the
dryland ecoregions that are needed (11). In order
to assess the conservation status of forests in
drylands, information is required on their
distribution pattern and rate of change in the forest
extent in relationto global environmental changes.
As the climate becomes warmer and drier, the
extent of dry forests may expand into areas
currently occupied by humid tropical forests. On the
otherhand, areas considered as dry forests under
current definitions may be changed into, for
instance, savanna due to different disturbance
factors. For instance, the Miombo woodlands in
Africa and dry dipterocarp forests in Asia,which
are currently classified as dry forests under the
FAO definition, might be described as savanna
ecosystems(12). Considerable variations in TDFs
have also been observed in different localities and
across continents in terms of floristic compositions
(16) andin terms of strategies employed to cope
with water def- icit conditions. Thus, there is still
considerable  work pending towards the
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development of global and ecologically cohesive
characterization scheme for TDFs.

Ill.  ALLOCATION OF FOREST LAND AREAS

Accounting for nearly half of the world’s tropical
and sub-tropical forests, dry forests are generally
distributed over an extensive geographical range,
spanning large areas of Africa, Latin America.
They are known to occur in an environment with a
seasonal climate characterized by a prolonged
period of dry months and with an inadequate
amount of rainfall for tree ecological function (17).
Latin America hosts about 54% of the TDFs.
Similarly, FAO’s report confirms that the largest
areas of dry forests are foundin South America,
followed by Sub-Saharan Africa (SSA)and India.
Although updated figures on the extent of dry
forests across different areasand scales are
lacking, considerable concentrations are also
found in Southeast Asia, Northern Australia,
andparts of the Pacific, Central America, and the
Caribbean (18).These variations in the extent of
TDF coverage world-wide may partly be
attributed to the differences inmethods employed
for the assessment and also variations in the
definition of dry forests.

IV. FORESTS PLAY APIVOTAL ROLE IN
RURAL LIVELIHOODS

In addition to their roles in maintaining resilient
and multifunctional landscapes, dry forests and
woodlands also contribute inthe direct provision
of various products, including timber and non-
timber forest products (19). These products are
known to supplement livelihoods and contribute
to poverty alleviation; especially, they play vital
roles as safety-net during hardships when other
economic activities are constrained by the
frequent drought events. A wide variety of these
products is col- lected either for household
consumption or sold to gen-erate a modest cash
income. For instance, the African Miombo
woodland was reported to support the lively
hoods of about 100 million people (20). Income
from the dry forest in the drylands of
Southeastern Ethiopia constituted the second
most important component of the total household
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income, next to the income from livestock. The
same study revealed that income from the dry
forest contributed up to 63% of the total income
of the very poor households. They are also
important sources of employment opportunities
for local forest dependent people (21). Several
other studies (also see Table 2) elsewhere reported
that many households earn a significant amount
of income for their livelihoods from the dry forests
and woodlands (2).

This, in turn, supports agricultural systems upon
which millions of subsistence farmers depend (22).
In general, these myriad ES offered by TDFs can be
categorized as provisioning (food, water, timber,
biofuels, and fiber), regulating (air quality, water
availability, carbon sequestration, nutrient cycling,
and  soil erosion  regulation),  supporting
(maintenance of genetic diversity and habitat for
species), and cultural (recreation, tourism) services.
The economic importance of dry forests is,
however, being recognized very recently, and their
marketing system is not yet well developed (23).
Given that the majority of forest users extract
products mainly for subsistence and an important
part of the trade happens the contribution of dry
forests to the formal gross domestic product
remains relatively low in many dry forest countries
(24). Therefore, further research and development
endeavors need to be undertaken in various
drylands of the tropics to show their values and
thereby call uponthe promotion of sustainable
management of dry forests for integrated livelihood
adaptation,  biodiversity  conservation,  and
combating desertification.

V. THREATS AND CONSERVATION
STATUS OF TDFS

Despite their extensive coverage and manifold
significances, TDFs are currently facing severe
upheavals from global changes. The threats to dry
forests and woodlands are multiple and complex,
largely emanating from the interplay of
anthropogenic and natural factors. These threats
include pressures from agricultural encroachment,
climate change, fire, overgrazing, and population
explosion (25). It has been reported that about 95%
of the TDFs are threatened by one or a combination
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of these factors. (MEA (Millennium Ecosystem
Assessment), 2005). A greater density of human
population was reported in these ecosystems due to
arelatively suitable climate and soils thatcan support
agriculture Consequently, the largest threats are still
expected to emanate from anthropogenic fire,
overgrazing, and ill-informed  agricultural
expansions. Billions of people farm for survival and
de- grade these environments, and this is expected to
get worsewith global climate change and population
growth. In- creased fire risks are also expected with
the increasing sce-nario of warming and drying due
to higher degradation rates inthe dry tropical areas
(26).

The climate-induced impacts are even worse in
drylands of developing countries with a large
number of forest- dependent populations, such as the
SSA. Dryland resources(especially the dry forests)
in these regions are among the most exploited
systems and are being transformed to agricultural
lands at an alarming rate. Inhabitants of these areas
are generally poor; in theabsence of other livelihood
options, they often overexploit the remnant
resources. The decreased rainfall and recur- rent
drought events are also expected to further
exacerbate the current exploitation levels, thus
resulting in more pressures on the remnant
vegetation resources or total conversion to
persistent agricultural lands(27). This would, in
turn, impose additional stresses on the inhabitants
whose livelihood is dependent on products (e.g.,
NTFPs) gatheredfrom the dry forests.

VI. REGULATING THE GLOBAL CLIMATE

In view of this, researchers recently revealed that
deforestation is more responsible for the lossof dry
forests than predicted impacts by climate change
(28). Accordingly,the potential of tropical forests
in sequestering carbon isbeing negated by forest
degradation. This shows the attempts being made to
account forthe possible forest losses emanating
from both degradation and disturbances (human-
induced and natural). The relative impact of
climate change and deforestation on tropical dry
forests and found out that the impact of
deforestation is signifi-cantly higher than those
attributed to climate change. These emerging
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results highlight the need to account forchanges in
disturbance factors as well when dealing withthe
interactions between these factors and climate
change. Previously thought when the bio-mass
and carbon losses due to degradation and
deforestation that were accounted for. Even though
the highrates of degradation and deforestation in
these regionsare significant contributors for the
carbon losses, bio-mass gains were also reported
due to re-growth of thewoodlands, offsetting the
carbon losses from deforest- ation and
degradation(29).

The following figure(Fig. 1) tries to demonstrate
these variations on a continental basis.
Even though the effects of anthropogenic
disturbances seem to outweigh the climate-induced
impacts, projec- tions into future scenario also show
serious repercus- sions of climate change in the
dry tropics. Therefore, climate, besides the human-
induced land use changes, will continue to play an
important role in the dynamics of dryland
systems. The effects tropical regions in particular
given their high sensitivity to the climate anomalies,
such as frequent occurrences of extreme heat,
increasing aridity, and erratic rainfall patterns. The
variations in rainfall and temperature regimes are
expected to influence treegrowth, leaf phenology,
and survivorship through their impacts on
photosynthesis, respiration, and nutrient dynamics
from climate change are expected to be even
pronounced in the SSA and related dry(30).

- S
OCarbon loss (degradation)
O Carbon loss (degradation + disturbance)
o Carbon gain

Losses and gains in forest carbon (%)

Under seasonal water deficit conditions, plants
either tolerate drought or avoid drought by, for
example, dropping leaves and thus limit
transpiration during the dry season, to survive these
dry environments. Such strong variability in
rainfall and the existence of extended dry spells
(water stress) have significant effects on the annual
carbon gain and allocation patterns of plants
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challenging their survival in the dry- land
systems. Thus, the future of these ecosystems
remains uncertain in the backgrounds of the
changing climate and its complex interactions
with various disturbance factors. This will likely
result in various drastictransformations, including
losses of biodiversity compo- nents, species range
shifts, altered tree productivity, andan overall
extinction risks to the already endangered species
living in the highly fragmented environments (31).
In general, the impacts from climate change may
vary from positive to negative according to regions;
climate change may increase tree productivity in
some areas while decreasing it elsewhere also
confirm that there is no concrete evidence for
consistent long-term growth stimulation of tropical
tree growth induced by CO, fertilization, but
witnessed an increase in water-use efficiency.
Predicting the consequences of climate changeon
tropical dry forests has, thus, emerged as one of the
grand challenges for global change scientists. In
order to fully under- stand the impacts of climate
change, we need to address the interactions and/or
feedbacks from both climate- induced effects and
other disturbance factors at different levels. Recent
evidence shows that the inclusion of disturbance
factors while modeling climate-induced effects
may elevate estimates of productivity losses or
cancelout productivity gains attributed to climate
change (32).

VIl. MANAGING DRY FORESTS UNDER A
CHANGING CLIMATE

In addition tothe roles in sustaining the lives of
millions of vulnerable households, TDFs have a
huge potential in capturing largeamounts of carbon,
maintaining diverse and resilient land-scapes, and
water conservation (32). Therefore, their
sustainable management wouldmean a lot for the
local communities, national economies, and the
environment at large. That is, if well-valued and
sustainably managed, TDFs have the potential to
contribute to climate change adaptation and
mitigation, buffer ~ against erosion, and
desertification, and contribute to economic
development, food security, and poverty alleviation.
The sustainable utilization of forest products and
services is closely attached to how successful a
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country man-ages its forest resources (dry forests in
this particular case).

Nevertheless, in spite of significant contributions of
the dry forests in the drier part of tropical regions,
only a few countries, if any, are making adequate
investment in their management. There is a general
lack of laws and regulations and/or their
enforcement, absence of programs, and political
commitment to encourage the participation of
stakeholders, especially the private sector and local
communities, in the sustainable management of
these re- sources (33).

This has often been attributed to the lack of
appropriate institutional arrangements and policies
that regulate the use and management of the
resources To ensure SFM, there is an urgent need to
address the agents re- sponsible for degradation
with the corresponding undesir- able consequences.
In general, SFM has been reported to be a viable
framework for simultaneously reducing carbon
emis- sions, sequestering carbon, and enhancing
adaptation to climate change. In addition, it helps to
supply various forestproducts, protect biodiversity,
secure fresh water supplies, and provide other
manifold ecosystem services.

Mitigation
Reduce emissions

resilient
ecosystem

Carbon sequestration
(throughincreases in forests & trees and forest carbon
stock enhancement)

=  Afforestation, reforestation and forest
restoration

* Increase of tree cover in farming
systems, rural landscapes and cities

e  Enhancement of carbon stocks and
sequestration capacity through
management practices

Forest carbon stocks conservation
(through reduction of deforestation and forest
degradation)

e Sustainable practices of forest
management and use

* Integrated fire management

e Management of forest health and vitality

s Management of forest biodiversity

e Management of protected areas and
wildlife

PAERN
1} Forest for adaptation

’

: . " | Ecosystem goods
Sustainable and “  and services

Sustainable and
adaptive management

< _ " Sustainable management for sustainable provision of services +
+ adaptation for forest it sustainable management is in place

Adaptation
Reduce harm

Resilient society
in face of climate
change or other

threats

Strengthening adaptive capacity of
trees and forests
(especially in fragile forest ecosystems)

e  Management of forest biodiversity

e  Forest health and vitality to reduce
vulnerability

e Intensifying fire management systems

e Adaptive management practices

Strengthening adaptive capacity of
forest dependent communities

e  Strengthening coping strategies

e Diversifying forest management-related
employment opportunities and
livelihoods

e Adaptive land use planning and
management

Fig. Mechanisms showing how forest management helps tackle climate change (Source: Adapted from FAO 2010)

Some of the potential major environmental
changes in the region include changes in amount
and seasonality of rainfall, rising concentrations
of atmospheric CO,, rising temperatures, and
altered fire and other disturbance regimes. These
changes will result in adverse impacts on TDF
biodiversity, carbon sequestration and storage,
and other ecosystem services, and thusthere is a
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dire need to understand how these changes will
alter the ES that support the livelihoods of the
poor (33). TDF ecosystems are characterized by
extended water deficit conditions. Besides, the high
variability of rainfall together with the increasing
temperatures, evaporation, and evapotranspiration
rates result in reduced ecosystem productivity in
these regions.
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Nevertheless, the management interventions should
be carefully applied for different ecosystem types.
There are always trade-offs among different
management interven- tions and ecosystem
services. For instance, in savanna eco- systems,
given that water is seasonally scarce resource, an
increase in tree biomass with woody encroachment
or afforestation may threaten ecosystem services
related to water resources, posing an indirect effect
on ecosystem functioning and biodiversity. To
address such conflicts, it is important to adopt
specific management practices for specific
ecosystem types. Nevertheless, this may not be the
case in other for- ested ecosystems where there is a
relatively conducive soil and climatic conditions.
While fire is the most relevant disturbance
conditioning the existence of savannas and grass-
lands in most regions of the world (35). Thus, when
recommending best management prac-tices for a
particular biome, we should first carefully iden-tify
and classify the type and unique attributes of the
biome as conservation goals that differ significantly
with biomes. In this regard, we need an improved
under- standing of the savanna-forest dynamics and
their re- sponses and feedback mechanisms to
various disturbance regimes and environmental
controls (36).

CONCLUSION

In conclusion, Studies warn that the future of
dryland resourcesin general and that of TDFs, in
particular, is uncertain as they are under
mushrooming threats. The impacts from
anthropogenic activities are being compounded by
those impacts from global climate change. These
valuable eco- systems remained overshadowed by
the historical preoccupations of the more humid
forest ecosystems. They provide essential
ecosystem goods and services, livelihoods, and
well-being of its residents. Despite these and other
related significances, virtually all of theremnant
TDFs are currently exposed to various threats,
largely resulting from anthropogenic activities.
Consequently, these ecosystems are caught in a
spiral of deforestation, fragmentation, degradation,
and desertification.It is also believed that the lack
of education and trainingat university and technical
and vocational level greatly contributed to these
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dismal pictures associated with TDFs. The
scientific literature showed that there are many
reasons that urge us to give due attention to these
ecosys- tems, particularly in the face of the
changing climate. Beyond supporting the
livelihoods of millions of people worldwide, they
are among the biodiversity hotspot cen- ters in the
world and have pivotal roles in climate change
mitigation and adaptation (37).

However, little focus has been given to these
resources, and their long-term responses to climate
change and the feedbacks thereof are poorly known.
Thus, in our efforts to mitigate the impacts of
climate change and to realize the sustainable
development goals, we need to pay more attention
to these most fragile and least understood
ecosystems.
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