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ABSTRACT

Around 1.6 billion people in the world are directly dependent on forests for food, fodder, fuel, shelter, and 
livelihood, out of which 60 million are entirely dependent on forests. Forests silently provide us with eco-
system services such as climate regulation, carbon sequestration, harbouring biodiversity, synchronizing 
nutrient cycling, and many more. Tropical Dry Forests (TDF’s) occupy around 42% of total forest area 
of the tropics and subtropics and facilitate sustenance of world’s marginalized populations. Change in 
vegetation composition and distribution, deflected succession, carbon sequestration potential, nutrient 
cycling and symbiotic associations would affect TDF at ecosystem level. At species level, climate change 
will impact photosynthesis, phenology, physiognomy, seed germination, and temperature-sensitive physi-
ological processes. In order to mitigate the effects of climate change, specific mitigation and adaptation 
strategies are required for TDF that need to be designed with concerted efforts from scientists, policy 
makers and local stakeholders.

INTRODUCTION

Forests are complex ecosystems that have a delicate balance of biotic and abiotic components that inter-
act, influence, modify and adapt to each other. The term forest is a very widely used but an ill-defined 
term and globally there are around 800 ways in which forests have been defined (Lund, 2012). The Food 
and Agricultural Organization (FAO) defines forest as a ‘land spanning more than 0.5 ha with trees 
higher than 5m and a canopy cover of more than 10%, or trees able to reach these thresholds in situ’ 
(FAO, 2010). According to the Intergovernmental Panel on Climate Change (IPCC) forest is defined as 
vegetation type that is dominated by trees, and is defined in different parts of the world according to the 
variation in biogeophysical conditions, social structure and economics of the region (IPCC, 2014). Of the 
many parameters used to define forests such as type of vegetation, physiognomy, species composition, 
canopy cover is considered to be an important parameter. The way a country defines its forests largely 
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depends upon the vegetation type, physiognomy, forest structure, ownership of land, and economic use. 
In Australia, the canopy cover of typical forest should be greater than 20% of the total area, whereas 
in South Africa the value should be greater than 60% (Reddy et al., 2013). In India, the Forest Survey 
of India (FSI) defines forest as ‘all lands more than one hectare in area, with a tree canopy density of 
>10%, irrespective of ownership and legal status’ (FSI, 2011). This means that regardless of the nature 
of the tree cover, whether it is natural or planted, or the trees species are alien or native, any area hav-
ing a minimum tree cover density of 10% is a forest. Based upon canopy density, forests in India have 
further been classified into five classes namely; Very Dense Forests, moderately dense forests, Open 
forests, Scrub and Non-forest (ISFR, 2017). Classification of forests has received much attention in the 
past and there have been several classification systems based upon climate, vegetation type, physiog-
nomy and floristics. The system of life zones was the first forest classification system based on climate 
(Holdridge, 1947). Mueller-Dombois & Ellenberg (1974) proposed a classification system that laid 
emphasis on physiognomy of vegetation. Westhoff & van der Maarel (1978) integrated floristics and 
physiognomy to classify forests. Champion & Seth (1968) recognized four major climatic zones in India 
that harbours 16 major forest types comprising 221 minor types. On the basis of species associations and 
bioclimate, Gadgil Meher-Homji (1986) defined 42 forest types in India. Recently, Reddy et al. (2015) 
used IRS resourcesat-2 advanced wide field sensor to classify forest and scrub types. Seventeen percent 
of the global standing tropical forests are represented by tropical dry forests (UNEP, 2011). Irrespective 
of their type, forests across the world are under threat due to global climate change (Deb et al., 2018).

CLIMATE CHANGE

Climate change is one of the most serious environmental threats faced by the world today. It was recognized 
as a significant global environmental challenge a couple of decades back. International efforts to address 
this issue began with the establishment of the Intergovernmental Panel on Climate Change (IPCC) by 
the World Meteorological Organisation (WMO) and United Nations Environment Programme (UNEP) 
in 1988. IPCC defines climate change as a ‘change in climate over time, whether due to natural variation 
or due to human induced activity’ (IPCC, 2001). This definition differs from that of the United Nations 
Framework Convention on Climate Change (UNFCCC), which refers to climate change as “change in 
climate attributed only to anthropogenic activities which is in addition to the natural climatic variability 
observed over comparable time periods” (UNFCCC, 1992). UNFCCC was adopted in 1992, with an 
objective of stabilizing the concentration of greenhouse gases (GHG) in the atmosphere.

Factors that cause or contribute to climate change are known as ‘climate forcings’ that can be either 
natural or anthropogenic. Natural factors include volcanic eruptions, alteration in sun’s intensity, and 
very slow changes in the oceanic circulation or land surface. Anthropogenic activities are fossil fuel 
combustion, industrial activities, emissions from agricultural systems and waste decomposition. In the 
fifth assessment report the IPCC has stated that anthropogenic climate change is very much real and is 
bound to have widespread impacts on natural systems. The report also says that each of the last three 
decades have been successively warmer than any preceding decade since 1850, and the period from 1983 
to 2012 has been warmest 30-year period in the last 1400 years in the northern hemisphere. Rise in the 
global mean surface temperature may reach up to 4.8oCby the end of the 21st century, whereas maximum 
increase is predicted in the Polar Regions (IPCC, 2014). In addition to rise in temperature and disturbed 
precipitation patterns, global climate change will also increase the frequency of extreme events such as 
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droughts, cyclones, storms and hurricanes. Correspondingly rise in the severity of extreme rainfall and 
heat waves is also predicted. As a result, natural ecosystems including forests will be adversely influenced 
and may become more vulnerable.

Forests and climate are closely coupled and any alteration in one may have serious implications on 
the other. They influence each other and share a symbiotic relationship in which climate influences the 
type of vegetation and distribution of forests and forests in turn act as natural climate regulators (IUCN, 
2017). The IPCC has projected that forests across the globe will be severely impacted due to climate and 
non-climate stressors that may lead to forest die-back, loss of biodiversity and compromised ecological 
benefits (IPCC, 2014). In fact deforestation is one of the key drivers of climate change as it reduces 
carbon uptake potential of an ecosystem. Forests provide a plethora of goods and services to mankind. 
Ecosystem services provided by forests include carbon sequestration, regulation of nutrient and water 
cycles, prevention of soil erosion and harbouring biodiversity. However, change in land use pattern due 
to urbanization compounded by overexploitation has adversely affected forests around the world.

EFFECT OF CLIMATE CHANGE ON FORESTS

Forests across the world have been a victim of human greed and overexploitation. According to estimates, 
forests covered around 45% of the earth around 10,000 years ago, and due to ruthless anthropogenic 
interferences they have been reduced to 31% in 2010 (FAO, 2010). FAO’s Global Forest Resources As-
sessment (FRA) reports that we are continuously losing our forests and in the period between 1990 and 
2015 world’s forested area has declined from 31.6% to 30.6% (FAO, 2018).The rate of deforestation is 
skewed in the world and countries that are heavily dependent on forest show higher rate of deforestation. 
Developing countries of Latin America, sub-Saharan Africa and Southeast Asia have reported maximum 
loss of forest cover primarily due to conversion into agricultural farms. The threats to our forests will 
be augmented by climate change and all forests will not be able to adapt to the changing climate. It is 
projected that global environmental change may result in shifting of ecosystems and extinction of some 
species, particularly those who will not be able to adapt. The most vulnerable would be polar ecosystems 
and coral reefs.

There is an increasing consensus that increased incidents of floods, drought, storms and heatwaves 
have a link to climate change (Thomas & Lopez, 2015).It is predicted that the incidents as well as the 
intensity of extreme climate events and natural disasters will intensify in future climatic scenarios (IPCC, 
2014). It is important to point out that these issues also have economic ramifications as in many parts 
of the world people are heavily dependent on forests. This would have adverse impacts on environment, 
ecosystems and also the socioeconomic life of the communities that are dependent on forests for their 
sustenance and livelihood. Between 1996 and 2015 more than 800 million hectares of forested land has 
been affected due to climate related disasters (FAO, 2015a). Natural disasters have serious economic 
implications and in the decade spanning 2003-2013, 26 such events lead to loss of 737 million USD 
(FAO, 2015b).
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EFFECT OF CLIMATE CHANGE ON TROPICAL DRY FORESTS

The tropical dry forests are one of the important biomes of the world and comprise slightly less than half 
of the global tropical and subtropical forests (Murphy & Lugo, 1986). They provide ecosystem services 
such watershed protection, flood control, maintaining soil fertility and regulate climate (Maass et al., 
2005). According to the Food and Agricultural Organization tropical dry forests are defined as those 
experiencing a tropical climate, with summer rains, a dry period of 5 to 8 months and annual rainfall 
ranging from 500 to 1500 mm. These are primarily found in Africa, South America and Asia and are 
particularly concentrated in parts of Southeast Asia, northern Australia, Pacific region, Central America 
and the Caribbean (FAO 2001, 18). They exist in regions that experience mean annual temperature of 
25oC and annual precipitation between 700 to 2,000 mm. Due to such climatic conditions 50% of the 
plant species are seasonally deciduous (Sanchez-Azofeifa et al., 2005). According to Pennington et al. 
(2006), the ecological definition of TDFs includes savannas, riparian forests, coastlines and mangroves 
among the associated vegetation types. Vegetation in these forests varies from tall, closed canopy trees to 
short scrub vegetation that does not form a closed canopy, particularly in areas that receive less rainfall 
(Pennington et al., 2000). The predominant vegetation include deciduous trees that reach up to a height 
of 30 m. Nine major life forms are represented in TDFs which include: evergreen woody plants, decidu-
ous woody plants (40% of the woody species), sclerophyllous woody plants, succulent woody plants 
(including cacti), herbs, rosettes, lianas, CAM epiphytes and hemiparasites (Medina, 1995). Dense and 
entangled undergrowth is also commonly observed in these forests as there is optimal light penetration. 
Species such as cacti, bromeliads are abundant as they are resistant to drought. TDFs may occur in a 
variety of structure that may range from a tall, closed canopy forest to short scrub vegetation. These for-
est experiences seasonal drought stress and that makes it different from moist forest (Murphy & Lugo, 
1986). Lack of forest fires and seasonal drought stress further make TDFs a unique biome markedly 
different from savannas or moist forests.

The TDFs share a close association with human culture and economic development particularly in 
the neotropical region (Trejo & Dirzo, 2000; Fajardo et al., 2005). They provide several advantages for 
agriculture by influencing pedogenesis, improving soil fertility and supporting short-cycled crop plants. 
In a review on tropical dry forests of the neotropics it has been reported that globally these forests may 
facilitate sequestration of up to 22 Pg of carbon as above ground biomass. Additionally, they also help 
in conservation of freshwater sources and support biodiversity by harbouring endemic species (Portillo-
Quintero et al., 2015). It is also known that the dry climate limits the propagation of pathogens transmit-
ted by mosquitoes (Ewel, 1999; Murphy & Lugo, 1986; Fajardo et al., 2005).In addition to providing 
several ecosystem services, tropical dry deciduous forests also provide source of livelihood. It supports 
some of the world’s poorest people (Cunningham et al., 2008; Waeber et al., 2012).Their trees are im-
portant source of firewood, medicinally important compounds, and also harbour fauna. The goods and 
services provided by these forests are different from other forest types and hence their conservation and 
management strategies need to be different (Gumbo & Chidumayo, 2010). Despite their high economic 
and social significance, dry forests haven’t received much attention and are among the most threatened 
and least understood forest ecosystems (Miles et al., 2006; Portillo-Quintero & Sanchez-Azofeifa, 2010). 
Lack of concern and scientific studies have put these forests at high risks than their humid counterparts 
(Aide et al., 2012).

There is lot of regional imbalance on the studies of TDFs. While there are several reports of analyses 
of effect of climate change on dry forests in neotropics, there are few reports for the same from Asia 
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and Africa (Walker & Desanker, 2004; Glenday, 2008; Williams & Aquino, 2010). In Asia, there have 
been reports on dry forests of Thailand. However, the focus has been on structure and composition 
of the forests without any emphasis on climate change (Bunyavejchewin, 1983; Setalaphruk & Price, 
2007). Asian dry forests that include dry forests of Indochina as well as those of Central India are not 
particularly well studied, despite being regionally extensive (Blackie et al. 2014). Up to 30% of forests 
in mainland Southeast Asia and 60% of Indian forests are classified as dry forest (Waeber et al., 2012). 
In Asia the major dry forest type found are deciduous Dipterocarp forests, mixed deciduous forests and 
dry evergreen forests (Wohlfart et al., 2014). Although the FAO launched an Asian Dry Forests Initia-
tive, as compared to those in the neotropics, the dry forests of Asia have received lesser attention. The 
trend is worrisome because Asian countries are more prone to the deforestation and have less adapting 
capacity and increasing population pressure (Bawa & Dayanandan, 1997). In India, excessive defores-
tation has resulted in patched distribution of TDF wherein they appear as mosaics of open canopied, 
and closed canopied in some undisturbed regions (Raghubanshi & Tripathi, 2009). TDF are also found 
in the Pacific region and according to Gillespie et al. (2012) the expanse of dry forests in some Pacific 
islands has been reduced to less than 10% of their original area due to anthropogenic activities and 
predominance of invasive species.

There are three major features of climate change that directly influence growth and behaviour of TDF: 
Higher global atmospheric CO2 concentration, rise in global mean temperature and erratic rainfall pattern. 
At species level, increasing atmospheric CO2 and temperature influence key physiological processes such 
as photosynthesis, respiration, seed germination and other temperature sensitive physiological processes. 
Indirectly these process influence carbon sequestration potential, soil organic carbon, nutrient cycling 
and symbiotic associations. At community and ecosystem levels, change in climate parameters alters 
phenology, succession and plant-animal interactions (Figure 1).

Shift in Vegetation

Global warming and alteration in precipitation patterns may lead to shifting of major ecosystems and 
biomes across the world. Increase in aridity has resulted in retreating of some tropical and temperate 
forests, while the savannas have expanded. The IPCC predicts that climate change would lead to boreal 
tipping point that would lead to thawing of permafrost resulting in threatening arctic ecosystems. Also it 
would result in increased shrub vegetation in the tundra and rise in incidents of forest fires in the boreal 
forests (IPCC, 2014).Studies have also indicated that terrestrial ecosystems in the alpine regions may 
shift towards the poles (Haywood et al., 2016). The shift is not restricted to latitude alone and Settele 
et al. (2014) have reported that vegetation and ecosystems show significant altitudinal shifts. Scientists 
have been using various models to predict the behaviour of vegetation to changing climate parameters. 
Analyses have been done to predict and project alteration in ecosystems by using models that use mul-
tiple parameters (Warszawski et al., 2013, 2014; Frieler et al., 2017). Analysing shifting patterns in the 
northern hemisphere, Thuiller (2007) concluded that terrestrial plants have shifted northwards on an 
average of 6.1 km per decade. Also, they have shown an advancement of phenoevents by 2.3 to 5.1 days 
in the last 50 years. In India, Telwala et al. (2013) have observed a climate change induced shift in the 
plants of TDFs in the Sikkim. Bates et al. (2008), have predicted a 5–15% reduction in soil moisture 
availability and runoff by the late twenty-first century across tropical Latin America, and studies have 
also reported the alteration in the length of the dry and growing season during the past decades (San-
chez- Azofeifa et al., 2013).
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Distribution of Forests

Miles et al. (2006) compared global distribution maps of TDF and concluded that climate change is a 
significant factor that affects the TDF of Americas in particular. In Africa TDF are under threat due to 
habitat fragmentation and fire. Conversion of forest land into agricultural fields and increasing popula-
tion pressure is a matter of concern for Eurasian TDF. Using dynamic global vegetation model, Meir & 
Pennington (2011) predicted the effect of climate change on neotropical dry forests, and concluded that 
warming rates for TDF regions are consistent with, or slightly above, the global predicted means of ap-
proximately 2–4oC warming by 2100. In a review of impact of climate change on seasonally dry tropical 
forests Allen et al. (2017) concluded that rise in frequency and severity of droughts will significantly 
affect distribution of species and other ecosystem processes. They concluded that temperature variation 
has serious implications for both above ground as well below ground processes of the forests. Mehta et 
al. (2008) reported that poor soil conditions may lead to a conversion of tropical dry forests into scrub 
vegetation. After analysing the TDF of southern India they concluded that distribution of trees, their 
phenology, physiology and growth of dry tropical forests is affected due to change in rainfall patterns.

Phenology

Phenology, the science of recurring events in nature, is a sensitive indicator of global climate change. It 
usually refers to the annual course of developmental events. Plant phenology is one of the most responsive 
and easily observable traits in nature that changes in response to any change in climate. Alteration in 
plant developmental events brought about by the current anthropogenic global climate change may have 
major impacts on plant productivity, competition among plant species and their interaction with other 
organism. Phenology also plays a crucial role in maintaining the carbon balance of terrestrial ecosystems 

Figure 1. Diagrammatic representation of effect of climate change on tropical dry forests
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(Keeling et al., 1996) and in determining shifts in agricultural zones (Fischer et al., 2002). Any changes 
in the timing of flowering may alter processes at species, community and ecosystem levels (Springer & 
Ward, 2007). At the community level, differential effects of elevated CO2 on flowering time may lead 
to change in community composition by altering interaction among species. Alteration in flowering 
time may have different implications for different plant groups. Advancement or delay in flowering 
time in annual plants would lead to either shortening or lengthening of the plant cycle, which in turn 
may disrupt the sowing of the subsequent crop. In perennials, altered flowering time may influence the 
resource availability for seed production during specific reproductive events (Stearns, 1992). TDFs are 
composed of species that show different degree of adaptation to seasonal droughts. Events such as leaf 
fall, leaf emergence, and extend of deciduousness is well synchronized with periodicity of rainfall and 
availability of soil moisture. Any alteration in the precipitation and heat periods would significantly affect 
process such as duration of deciduousness, bud break and flowering time of tree species in Indian forests 
(Singh & Kushwaha, 2005). In a review of TDF of the Caribbean region by Nelson et al. (2018) observed 
that change in precipitation and temperature may lead to change in species composition, growth and 
reproductive capacity of trees. Khayani et al. (2016) have projected that in Puerto Rico climate change 
may lead to shift in the forest type from subtropical dry forest to dry forest by 2099. It is important to 
mention that any change in phenology of dominant tree species of forests may have rippling effects on 
several other plant and animal species that are dependent on them. Also phenological change in many 
species simultaneously may change the course of evolution of the forest as an entity. It will alter succes-
sion and in turn will have serious consequences for ecosystem functioning. What is worrisome is that 
there are no extensive studies on understanding climate change impacts of phenology of TDF species.

Carbon Dynamics

Forests are a crucial and critical link in the global carbon cycle. Irrespective of the forest types all for-
ests are involved in cycling of carbon and its conversion from inorganic form i.e. atmospheric CO2 to 
organic form via the process of photosynthesis. They also act as carbon sinks and make carbon a part 
of biological cycle. Forests are integral part of the carbon cycle that maintains delicate balance between 
inorganic and organic forms of carbon in atmosphere, biosphere, hydrosphere and lithosphere. Needless 
to say, that depletion of forests leads to disruption of an important link in the carbon cycle. Alteration in 
Carbon sequestration potential of forests may lead to the loss in carbon trapped in biosphere that may in 
turn accelerate climate change. Forests are the largest storehouses of carbon after oceans and can absorb 
and store carbon in their biomass, soils and products, equivalent to about one tenth of carbon emissions 
projected for the first half of this century. At the same time, deforestation and land-use changes account 
for 17 per cent of human-generated carbon dioxide emissions. Global climate change may have direct 
effects on terrestrial carbon reserves, and may indirectly lead to increased incidents of forest fires and 
pest and pathogen attacks. The 21st century may witness increased trees mortality and forest dieback 
(IPCC, 2014). Such events may have adverse impact on carbon storage, biodiversity and wood produc-
tion. According to the International Union of Forest Research organization in predicted climate change 
scenario, the forests of the world may end up losing all their carbon regulating services and terrestrial 
ecosystems may start to behave as source of carbon rather than sinks (Seppala et al., 2009). Any change 
in land use leads to altered carbon: nitrogen ratio in different soil fractions. In tropics, change in land 
use results in releasing of stored carbon thereby increasing green house gases emissions (Don et al., 
2011). In Mexican dry forests, it has been observed that slower turnover of carbon and other nutrient 
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contribute to the negative relationship between soil carbon sequestration and mean annual precipitation 
across (Campo & Merino, 2016). In an analysis of relationship between soil organic carbon and aridity 
Delgado-Baquerizo et al. (2013), suggested that extremely dry conditions may adversely affect ecosys-
tem carbon storage as the carbon inputs from plant productivity, erosion and fire decrease. Boisvenue & 
Running (2006) analyzed the effects of climate change on forest productivity and concluded that forest 
productivity will increase in the absence of water stress. On the contrary Aber et al. (2001) projected that 
in the US alone about 20% of forests may experience loss of carbon in case temperature and precipita-
tion were to increase. Holm et al. (2017) observed the effect of hurricanes on Net Primary Productivity 
(NPP) in the Carribean and concluded that increased incidents of hurricanes will increase the NPP of 
dry forests in the Carribean. Using HadRM3 model Chaturvedi et al. (2011) projected that in India, the 
NPP will increase by 68.8% and the soil organic carbon may show a rise by 37.5%.The rise is NPP will 
be higher in northwest India due to higher temperature and wetter climate. The study also reported that 
NPP may marginally increase or may even decrease by up to 12% in central and western India which is 
dominated by dry forests. Therefore it may be concluded that how forests respond to changing climate 
will vary locally within country. Therefore, further long-term studies are warranted to generate a com-
prehensive understanding towards the impacts of global climate change on TDFs.

Symbiotic Associations

Among the below ground processes, plant microbe interaction is very crucial for plant and soil health. 
The below ground dynamics facilitate mineral nutrition for plants by conversion of bio-unavailable form 
of minerals to bio-available forms by microbes. Even though not much attention has been paid to below 
ground processes such as rhizosphere dynamics, symbiotic associations and nutrient cycling, all these 
processes may change due to rise in temperature in future climate scenarios. Free living and symbiotic 
soil microorganisms help in inter-conversion of nitrogen, phosphorous and sulphur. The symbiotic as-
sociation between N fixing legumes and roots of higher plants is sensitive to abiotic stresses such as 
high temperature, drought and salinity. Scarcity of water has limiting effect on initiation, growth and 
function of roots nodules (Serraj et al., 1999) as well as on growth and survival of rhizobia (Hungria 
& Vargas, 2000). In TDFs the event of nodulation fluctuates with season (Gonzalez-ruis et al., 2008, 
Gei & Powers, 2015). Any alteration in the season may affect the phenology of nodulation or may even 
induce premature senescence. These changes are particularly undesirable for seedlings. Therefore, it 
may be concluded that scarcity of water and increased temperature due to climate change may directly 
influence nitrogen fixation by symbiotic N fixers. However, for better understanding of carbon nitrogen 
dynamics under future climate more focussed and targeted studies are required that essentially should 
be region specific.

Community Dynamics

Analysis of data from experimental analysis as well as modelling studies suggest that under severe drought 
or increased rainfall events the structure and function of seasonally dry forests would change (Chadwick 
et al., 2015; Feng et al., 2013; Greve et al., 2014). Structural and functional changes in forests further 
influence biodiversity and results in shifts in species range (Enquist, 2002). Disturbed forests would 
also have diminished capacities to provide ecosystem services. In fact, it would take several years to 
conclusively say how dry forests would behave in changing climatic scenario. TDF take longer time to 
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regenerate from intense or prolonged droughts (Angeler & Allen, 2016) as compared to wetter tropical 
forests. Meta-analysis of effects of drought on temperate zone revealed that dry ecosystems took the 
longest to re-establish normal growth after being exposed to extreme drought (Anderegg et al., 2015). 
Study on long term effects on community dynamics of TDF of Costa Rica by Enquist & Enquist (2011) 
reported that extended drought periods lead to reduction in number of small sized tree. On the contrary 
Suresh et al. (2010) reported that trees with large girth were more resistant to the effects of annual cli-
matic fluctuations. Abiotic factors such as light, water and nutrient composition of soil has significant 
influence on growth and survival of seedlings in TDFs (Tripathi et al., 2016). Bhadouria et al., 2016 
analyzed the interactive effects of various abiotic factors on growth, survival and regeneration of tree 
species of TDFs. However more elaborate and long-term simulation studies are required to conclusively 
say how climate change affects TDF. There are many gaps in existing knowledge that needs to be filled 
up by conducting well-replicated drought simulations or experiments, distributed across the range of 
dry forest climatic variation and biogeography.

Incidents of drought and heat under projected climate change will results in increased mortality of 
tree species that in turn alters species diversity and composition (Allen et al. 2010). Moist forests are well 
equipped to withstand scarcity of water however TDFs have less resilience towards water stress. There-
fore, species mortality through water deficiency was found to occur more in the tropical dry forests, and 
it severely affected trees of small diameter (Suresh et al., 2010). It has been observed that due to lower 
infiltration and evapotranspiration there is a shift in the species composition of TDF (Krishnaswamy 
et al., 2013). TDFs play a significant role in regulating the hydrological cycle. In a review of studies 
conducted on tropical dry forests in the neotropics Portillo- Quintero et al. (2015) have pointed out that 
climate change and change in land use may have serious implications on the natural and socioeconomic 
structures in the region. Water scarcity and droughts would have adverse impacts on the structure; com-
position and functioning of TDFs. Change in temperature and rainfall significantly influence seed health, 
vigour, and seedling germination. There have been studies analysing the effect of variation in rainfall on 
seed rain dynamics of dry forests (Martinez-Garza et al., 2013; Meave et al., 2012). Increased duration 
of dry periods may even lead to delayed or unsuccessful seed germination.

INDIAN SCENARIO

India is a mega biodiverse country and geographically it lies at connexion of three diverse biogeographic 
realms, the Indo-malayan, Eurasian and Afro-tropical (Reddy et al., 2015). We are the seventh largest 
country of the world and occupy an area of 32,87,263 km2 and are bestowed upon a rich flora and fauna 
due to diverse climatic, topographic and geographic conditions. According to the India State forest 
report (2017) 21.54% of the total geographical area that is around 7.08 lakh square km is covered by 
forests. Highest forest cover is found in the state of Madhya Pradesh followed by Arunachal Pradesh. 
As a country we have added 6,778 km2. of forests since 2015 (ISFR, 2017). Based on multi-season IRS 
Resourcesat-2 Advanced Wide field Sensor, Reddy et al. (2015) developed a classification system for 
Indian Forests and concluded that tropical dry deciduous and tropical moist deciduous forests are the 
predominant and occupy 34.8% and 7.72% of the total forest area. Tropical Dry deciduous forests are 
found in Western Himalayas, Gangetic plains and semiarid regions of Deccan peninsula. Dominant 
tree species are Anogeissus latifolia, A. penduala, Albizia procera, Anthocephalus chinensis, Diospyros 
melanoxylon (Reddy et al., 2015). According to Ravindranath & Sukumar (1998), rise in temperature 
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and reduced precipitation in central India may result in reduced soil moisture that would eventually lead 
to increased seedling mortality. They also predicted that the moist type of forests may change to dry 
type in central India. Regional studies have shown that the dry deciduous forests of Western Ghats may 
decline in projected climate change scenario.

TDFs of peninsular India are divided into three types, namely: teak, Sal and miscellaneous types. The 
area is dominated by Tectona grandis (teak) followed by Shorea robusta (sal). In a study of dynamics 
of dry forest of South India, Schmerbeck (2011) concluded that forest fires are dominant anthropogenic 
factor in dry deciduous forests which are considered the most vulnerable ecosystems. In fact, the study 
also reported that lack of research and proper management has even converted some of the tropical dry 
forests into savanna and grasslands.

General Circulation Models were used initially to analyse the effect of climate change on Indian 
Forests (Ravindranath & Sukumar, 1998; Ravidranath et al., 1997). Using Regional Climate model of 
the Hadley centre (HadRM3) Chaturvedi et al. (2011) projected that on an average 39% of forest grids 
analysed would change under climate change scenario. The change in forest will be up to 73%, 67% and 
62% in the states of Chhattishgarh, Karnataka, Andhra Pradesh, respectively. Calculation of vulnerability 
index for India indicated that upper Himalayas, and parts of western ghats are most vulnerable to the 
impacts of climate change, whereas the forests of north east are most resilient. Tropical dry deciduous 
forests make up to 40% of Indian forest grids and under climate change scenario they are expected to 
change (Chaturvedi et al., 2011). Regional studies on effect of potential climate change in Himachal 
Pradesh and western ghats indicated towards a shift in the type of vegetation (Ravindranath et al., 1997; 
Deshingkar, 1997). Ravindranath et al. (2006) used BIOME4 vegetation model and predicted that by 
2085 under climate change scenario vegetation would shift towards wetter type in the north-eastern 
region and towards drier type in the north-western region. Dry deciduous forests of central India in the 
states of Madhya Pradesh and Maharashtra are projected to change into moister type due to increase in 
temperature and precipitation (Ravindranath & Sukumar, 1998). Agarwala et al. (2016) analysed the 
effect of anthropogenic changes on TDFs of central India and concluded that human interference have 
serious implications on abundance of tree species.

CONCLUSION

Tropical dry forests are one of the most fragile ecosystems that are facing multiple complex threats. They 
provide ecosystem services and also are source of livelihood to marginalized people in many parts of the 
world. Overexploitation, deforestation and fragmentation are the key issues that need to be addressed. 
These issues are being compounded by global climate change that has serious impact on vegetation com-
position and distribution, phenology and carbon dynamics in TDF. In order to design conservation and 
management strategies it is imperative to conduct region-wise research and analysis to study the impact 
of climate change on TDF. Conservation and restoration measures for TDF should take into consider-
ation the local people, their aspirations and expectations. Mitigation and adaptation strategies should be 
designed that are country-driven, gender-responsive and address the concerns of local inhabitants. Also, 
they should be an amalgamation of scientific research as well as traditional knowledge.



34

Effect of Climate Change on Tropical Dry Forests
 

REFERENCES

Aber, J. D., Neilson, R. P., McNulty, S., Lenihan, J. M., Bachelet, D., & Drapek, R. J. (2001). Forest 
processes and global environmental change: Predicting the effects of individual and multiple stressors. 
Bioscience, 51(9), 735–751. doi:10.1641/0006-3568(2001)051[0735:FPAGEC]2.0.CO;2

Agarwala, M., Fries, R. S., Qureshi, Q., & Jhala, Y. V. (2016). Changes in the dry tropical forests in cen-
tral India with human use. Regional Environmental Change, 16(1), 5–15. doi:10.100710113-015-0903-1

Aide, T. M., Clark, M. L., Grau, H. R., Lopez-Carr, D., Levy, M. A., Redo, D., ... Muniz, M. (2012). 
Defores.tation and reforestation of Latin America and the Caribbean (2001–2010). Biotropica, 45(2), 
262–271. doi:10.1111/j.1744-7429.2012.00908.x

Allen, C. D., Macalady, A. K., Chenchouni, H., Bachelet, D., McDowell, N., Vennetier, M., ... Cobb, N. 
(2010). A global overview of drought and heat induced tree mortality reveals emerging climate change 
risks for forests. Forest Ecology and Management, 259(4), 660–684. doi:10.1016/j.foreco.2009.09.001

Allen, K., Dupuy, J. M., Gei, M., Hulshof, C., Medvigy, D., Pizano, C., ... Powers, J. S. (2017). Will 
seasonally dry tropical forests be sensitive or resistant to future changes in rainfall regimes? Environ-
mental Research Letters, 12(2). doi:10.1088/1748-9326/aa5968

Anderegg, W. R. L., Schwalm, C., Biondi, F., Camarero, J., Koch, G., Litvak, M., ... Pacala, S. (2015). 
Pervasive drought legacies in forest ecosystems and their implications for carbon cycle models. Science, 
349(6247), 528–532. doi:10.1126cience.aab1833 PMID:26228147

Angeler, D., & Allen, C. (2016). Quantifying resilience. Journal of Applied Ecology, 53(3), 617–624. 
doi:10.1111/1365-2664.12649

Bates, B., Kundzewicz, Z. W., Wu, S., & Palutikof, J. (2008). Climate change and Water: Technical 
paper VI. Intergovernmental Panel on Climate Change. IPCC.

Bawa, K. S., & Dayanandan, S. (1997). Socioeconomic factors and tropical deforestation. Nature, 
386(6625), 562–563. doi:10.1038/386562a0

Bhadouria, R., Singh, R., Srivastava, P., & Raghubanshi, A. S. (2016). Understanding the ecology of 
tree-seeding growth in dry tropical environment: A management perspective. Energy. Ecology & En-
vironment, 1, 296–309.

Blackie, R., Baldauf, C., Gautier, D., Gumbo, D., Kassa, H., Parthasarathy, N., . . . Sunderland, T. (2014). 
Tropical dry forests: The state of global knowledge and recommendations for future research. (Discus-
sion paper). Bogor, Indonesia: CIFOR.</unknown>

Boisvenue, C., & Running, S. W. (2006). Impacts of climate change on natural forest productivity—Evi-
dence since the middle of the 20th century. Global Change Biology, 12(5), 862–882. doi:10.1111/j.1365-
2486.2006.01134.x

Bunyavejchewin, S. (1983). Analysis of the tropical dry deciduous forest of Thailand. I. Characteristics 
of the dominance-types. Natural History Bulletin of the Siam Society, 31, 109–122.



35

Effect of Climate Change on Tropical Dry Forests
 

Campo, J., & Merino, A. (2016). Variations in soil carbon sequestration and their determinants along 
a precipitation gradient in seasonally dry tropical forests. Global Change Biology, 22(5), 1942–1956. 
doi:10.1111/gcb.13244 PMID:26913708

Chadwick, R., Good, P., Martin, G., & Rowell, D. P. (2015). Large rainfall changes consistently projected 
over substantial areas of tropical land. Nature Climate Change, 6(2), 177–181. doi:10.1038/nclimate2805

Champion, H. G., & Seth, S. K. (1968). A revised survey of forest types of India. New Delhi, IN: Govt. 
of India Press.

Chaturvedi, R. K., Gopalakrishnan, R., Jayaraman, M., Bala, G., Joshi, N. V., Sukumar, R., & Ravindra-
nath, N. H. (2011). Impact of climate change on Indian forests: A dynamic vegetation modelling approach. 
Mitigation and Adaptation Strategies for Global Change, 16(2), 119–142. doi:10.100711027-010-9257-7

Cunningham, A., German, L., Paumgarten, F., Chikakula, M., Barr, C., Obidzinski, K., . . . Puntodewo, 
A. (2008). Sustainable trade and management of forest products and services in the COMESA region: 
an issue paper. Centre for International Forestry Research, Borgor, Indonesia. Retrieved from http://
www.cifor.org/publications/pdf_files/Books/BCunningham0801.pdf

Deb, J. C., Phinn, S., Butt, N., & Alpine, C. A. (2018). Climate change impacts on tropical forests: 
Identifying risks for tropical Asia. Journal of Tropical Forest Science, 30(2), 182–194. doi:10.26525/
jtfs2018.30.2.182194

Delgado-Baquerizo, M., Maestre, F. T., Gallardo, A., Bowker, M. A., Wallenstein, M. D., Quero, J. L., ... 
Zaady, E. (2013). Decoupling of soil nutrient cycles as a function of aridity in global drylands. Nature, 
502(7473), 672–676. doi:10.1038/nature12670 PMID:24172979

Deshingkar, P. (1997). Adapting to Climate Change in a forest based land use system- A case study of 
Himachal Pradesh, India. Atmospheric Environmental issues in Developing Countries. Stockholm, 
Sweden: Stockholm Environment Institute.

Don, A., Schumacher, J., & Freibauer, A. (2011). Impact of tropical land-use change on soil organic 
carbon stocks – a meta-analysis. Global Change Biology, 17(4), 1658–1670. doi:10.1111/j.1365-
2486.2010.02336.x

<edb>Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R., ... Dubash, N. 
K. (2014). Climate change 2014: synthesis report. Contribution of Working Groups I. II and III to the 
fifth assessment report of the Intergovernmental Panel on Climate Change, 151.

Enquist, B. J., & Enquist, C. A. F. (2011). Long-term change within a Neotropical forest: Assessing dif-
ferential functional and floristic responses to disturbance and drought. Global Change Biology, 17(3), 
1408–1424. doi:10.1111/j.1365-2486.2010.02326.x

Enquist, C. A. F. (2002). Predicted regional impacts of climate change on the geographical distribution 
and diversity of tropical forests in Costa Rica. Journal of Biogeography, 29(4), 519–534. doi:10.1046/
j.1365-2699.2002.00695.x



36

Effect of Climate Change on Tropical Dry Forests
 

<eref>Food and Agriculture Organization of the United Nations. (2000). FRA 2000: Global ecological 
zoning for the global forest resources assessment 2000: Final report. Rome, Italy: FAO. Retrieved from 
http://www.fao.org/docrep/006/ad652e/ad652e00.HTM

Ewel, J. (1999). Natural systems as models for the design of sustainable systems of land use. Agroforestry 
Systems, 45(1/3), 1–21. doi:10.1023/A:1006219721151

Fajardo, L., Gonzalez, V., Nassar, J., Lacabana, P., Portillo, C., Carrasquel, F., & Rodríguez, J. P. (2005). 
Tropical dry forests of Venezuela: Characterization and current conservation status. Biotropica, 37(4), 
531–546. doi:10.1111/j.1744-7429.2005.00071.x

Fajardo, L., Rodríguez, J. P., González, V., & Briceño-Linares, J. P. (2013). Restoration of a degraded 
tropical dry forest in Macanao, Venezuela. Journal of Arid Environments, 88, 236–243. doi:10.1016/j.
jaridenv.2012.08.009

Feng, X., Porporato, A., & Rodriguez-Iturbe, I. (2013). Changes in rainfall seasonality in the tropics. 
Nature Climate Change, 3(9), 811–815. doi:10.1038/nclimate1907

Fischer, G., Shah, M., & Velthuezin, V. (2002). Climate change and Agricultural Vulnerability. IISA 
report for the World Summit on Sustainable Development, Johannesburg. Vienna, Austria: IISA Pub-
lications Department.

Food and Agriculture Organization of the United Nations. (2010). Global Forest Resources Assessment 
2010: Main Report. Rome, Italy: FAO. Retrieved from http://www.fao.org/docrep/013/i1757e/i1757e.
pdf</eref>

Food and Agriculture Organization of the United Nations. (2015). Global Forest Resources Assessment 
2015: How are the world’s forests changing? Second Edition. Rome, Italy. Available at http:// www.
fao.org/3/a-i4793e.pdf)

Food and Agriculture Organization of the United Nations. (2015). Forests, Trees and Disasters, Unasylva, 
No. 243/244. Vol. 66 2015/1–2.

Food and Agriculture Organization of the United Nations. (2018). Potential implications of corporate 
zero-net deforestation commitments for the forest industry. Discussion paper prepared for the 58th ses-
sion of the FAO Advisory Committee on Sustainable Forest-based Industries. Retrieved from http://
www.fao.org/forestry/46928-0203e234 d855d4dc97a7e7aabfbd2f282.pdf

Forest Survey of India. (2011). State of Forest Report. Dehra Dun, India.

Forest Survey of India. (2017). The State of Forest Report of India, India.</edb>

Frieler, K., Lange, S., Piontek, F., Reyer, C., Schewe, J., Warszawski, L., ... Yamagata, Y. (2017). Assess-
ing the impacts of 1.5°C global warming - simulation protocol of the Inter-Sectoral Impact Model Inter 
comparison Project (ISIMIP2b). Geoscientific Model Development, 10(12), 4321–4345. doi:10.5194/
gmd-10-4321-2017

Gadgil, M., & Meher-Homji, V. M. (1986). Localities of great significance to conservation of India’s 
biological diversity. Proceedings of the Indiana Academy of Sciences, (Suppl.), 165–180.

http://www.fao.org/docrep/006/ad652e/ad652e00.HTM
http://www.fao.org/docrep/013/i1757e/i1757e.pdf&lt;/eref
http://www.fao.org/docrep/013/i1757e/i1757e.pdf&lt;/eref
http://www.fao.org/3/a-i4793e.pdf
http://www.fao.org/3/a-i4793e.pdf


37

Effect of Climate Change on Tropical Dry Forests
 

Gei, M. G., & Powers, J. S. (2015). The influence of seasonality and species effects on surface fine roots 
and nodulation in tropical legume tree plantations. Plant and Soil, 388(1-2), 187–196. doi:10.100711104-
014-2324-1

Gillespie, T., Lipkin, B., Sullivan, L., Benowitz, D., Pau, S., & Keppel, G. (2012). The rarest and 
least protected forests in biodiversity hotspots. Biodiversity and Conservation, 21(14), 3597–3611. 
doi:10.100710531-012-0384-1

Glenday, J. (2008). Carbon storage and emissions offset potential in an African dry forest, the Arabuko-
Sokoke Forest, Kenya. Environmental Monitoring and Assessment, 142(1-3), 85–95. doi:10.100710661-
007-9910-0 PMID:17882526

Gonzalez-ruis, T., Jaramillo, V. J., Cabriales, J., & Flores, A. (2008). Nodulation Dynamics and Nodule 
Activity in Leguminous Tree Species of a Mexican Tropical Dry Forest. Journal of Tropical Ecology, 
24(1), 107–110. doi:10.1017/S0266467407004634

Greve, P., Orlowsky, B., Mueller, B., Sheffield, J., Reichstein, M., & Seneviratne, S. I. (2014). Global 
assessment of trends in wetting and drying over land. Nature Geoscience, 7(10), 716–721. doi:10.1038/
ngeo2247

Gumbo, D. J., & Chidumayo, E. N. (Eds.). (2010). The Dry forests and woodlands of Africa: managing 
for products and services. London, UK: Earthscan Ltd., Dunstan House.

Haywood, A. M., Dowsett, H., & Dolan, A. M. (2016). Integrating geological archives and climate 
models for the mid-Pliocene warm period. Nature Communications, 7(1). doi:10.1038/ncomms10646 
PMID:26879640

Holdridge, L. R. (1947). Determination of world plant formations from simple climatic data. Science, 
342(2727), 367–368. doi:10.1126cience.105.2727.367 PMID:17800882

Holm, J. A., Bloem, S. J. V., Larocque, G. R., & Shugart, H. H. (2017). Shifts in biomass and productiv-
ity for a subtropical dry forest in response to simulated elevated hurricane disturbances. Environmental 
Research Letters, 12(2). doi:10.1088/1748-9326/aa583c

Intergovernmental Panel on Climate Change. (2001). Climate change 2001: The Scientific Basis: Con-
tribution of working group I to the third assessment report of the intergovernmental panel on climate 
change (IPCC). Cambridge, UK: Cambridge University Press.

International Union for Conservation of Nature. (2017). Forests and Climate Change. Retrieved from 
https://www.iucn.org/sites/dev/files/forests_and_climate_change_issues_brief.pdf

Keeling, C. D., Chin, J. F. S., & Whorf, T. P. (1996). Increased activity of northern vegetation inferred 
from atmospheric CO2 measurements. Nature, 382(6587), 146–149. doi:10.1038/382146a0

Khayani, A. H., Gould, W. A., Harmsen, E., Terando, A., Quinones, M., & Collazo, J. A. (2016). Climate 
change implications for Tropical Islands: Interpolating and interpreting statistically downscaled GCM 
projections for management and planning. Journal of Applied Meteorology, 55(2), 265–282. doi:10.1175/
JAMC-D-15-0182.1



38

Effect of Climate Change on Tropical Dry Forests
 

Krishnaswamy, J., Bonell, M., Venkatesh, B., Purandara, B. K., Rakesh, K. N., Lele, S., ... Badiger, S. 
(2013). The groundwater recharge response and hydrologic services of tropical humid forest ecosystems 
to use and reforestation: Support for the ‘infiltration–evapotranspiration trade-off hypothesis. Journal 
of Hydrology (Amsterdam), 498, 191–209. doi:10.1016/j.jhydrol.2013.06.034

Lund, H. G. (2012). National definitions of forest/forestland listed by country. Forest information service. 
Retrieved from http://home.comcast.net/gyde/lundpub.htm

Maass, J. M., Balvanera, P., Castillo, A., Daily, G. C., Mooney, H. A., Ehrlich, P., ... Sarukhan, J. (2005). 
Ecosystem services of tropical dry forests: Insights from long-term ecological and social research on the 
pacific coast of Mexico. Ecology and Society, 10(1), 17. doi:10.5751/ES-01219-100117

Martinez-Garza, C., Tobon, W., Campo, J., & Howe, H. (2013). Drought mortality of tree seedlings in 
an eroded tropical pasture L. Degraded Development, 24(3), 287–295. doi:10.1002/ldr.1127

Meave, J., Flores-Rodriguez, C., Perez-Garcia, E., & Romero-Romero, M. (2012). Edaphic and seasonal 
heterogeneity of seed banks in agricultural fields of a tropical dry forest region in southern Mexico. 
Botanical Sciences, 90(3), 313–329. doi:10.17129/botsci.393

Medina, E. (1995). Diversity of life forms plants in neotropical dry forest. In H. A. Mooney, S. H. Bullock, 
& E. Medina (Eds.), Seasonally dry tropical forests. Cambridge, UK: University of Cambridge Press. 
doi:10.1017/CBO9780511753398.009

Mehta, V. K., Sullivan, P. J., Walter, M. T., Krishnaswamy, J., & De Gloria, S. D. (2008). Ecosys-
tem impacts of disturbance in a dry tropical forests in southern India. Ecohydrology, 1(2), 149–160. 
doi:10.1002/eco.14

Meir, P., & Pennington, R. T. (2011). Climate change and seasonal dry tropical forests. In R. Dirzo, H. 
Young, H. Mooney, & G. Ceballos (Eds.), Seasonally dry tropical forests: ecology and conservation 
(pp. 294–315). London, UK: Island Press. doi:10.5822/978-1-61091-021-7_16

Miles, L., Newton, A., De Fries, R., Ravilious, C., May, I., Blyth, S., ... Gordon, J. (2006). A global 
overview of the conservation status of tropical dry forests. Journal of Biogeography, 33(3), 491–505. 
doi:10.1111/j.1365-2699.2005.01424.x

Mueller-Dombois, D., & Ellenberg, H. (1947). Aims and methods of vegetation ecology. New York, NY: 
John Wiley and Sons.

Murphy, P. G., & Lugo, A. E. (1986). Ecology of tropical dry forest. Annual Review of Ecology and 
Systematics, 17(1), 67–88. doi:10.1146/annurev.es.17.110186.000435

Nelson, H. P., Devenish-Nelson, E. S., Rusk, B. L., Geary, M., & Lawrence, A. J. (2018). A call to 
action for climate change research on Caribbean dry forests. Regional Environmental Change, 18(5), 
1337–1342. doi:10.100710113-018-1334-6

Pennington, R. T., Prado, D. A., & Pendry, C. (2000). Neotropical seasonally dry forests and quaternary 
vegetation changes. Journal of Biogeography, 27(2), 261–273. doi:10.1046/j.1365-2699.2000.00397.x

Pennington, T., Lewis, G., & Ratter, J. (2006). Neotropical Savannas and Seasonally Dry Forests: Plant 
Diversity, Biogeography and Conservation. Boca Raton, FL: CRC Press. doi:10.1201/9781420004496



39

Effect of Climate Change on Tropical Dry Forests
 

Portillo-Quintero, C., & Sanchez-Azofeifa, G. (2010). Extent and conservation of tropical dry forests in 
the Americas. Biological Conservation, 143(1), 144–155. doi:10.1016/j.biocon.2009.09.020

Portillo-Quintero, C. P., Sanchez-Azofeifa, G., Calvo-Alvarado, J. C., Quesada, M., & do Espirito Santo, 
M. M. (2015). The role of tropical dry forests for biodiversity, carbon and water conservation in the 
neotropics: Lessons learned for its sustainable management. Regional Environmental Change, 15(6), 
1039–1049. doi:10.100710113-014-0689-6

Raghubanshi, A. S., & Tripathi, A. (2009). Effect of disturbance, habitat fragmentation and alien inva-
sive plants on floral diversity in dry tropical forests of Vindhyan highland: A review. Tropical Ecology, 
50, 57–69.

Ravindranath, N. H., Joshi, N. V., Sukumar, R., & Saxena, A. (2006). Impact of climate change on forest 
in India. Current Science, 90(3), 354–361.

Ravindranath, N. H., & Sukumar, R. (1998). Climate Change and Tropical Forests of India. Climatic 
Change, 39(2/3), 563–581. doi:10.1023/A:1005394505216

Ravindranath, N. H., Sukumar, R., & Deshingkar, P. (1997). Climate change and forests: Impacts and 
adaptations. Regional assessment for the western ghats India. Atmospheric Environmental Issues in 
Developing Countries. Stockholm, Sweden: Stockholm Environment Institute.

Reddy, C. S., Dutta, K., & Jha, C. S. (2013). Analysing the gross and net deforestation rates in India. 
Current Science, 105(11), 1492–1500.

Reddy, C. S., Jha, C. S., Diwakar, P. G., & Dadhwal, V. K. (2015). Nationwide classification of forest 
types of India using remote sensing and GIS. Environmental Monitoring and Assessment, 187(12), 777. 
doi:10.100710661-015-4990-8 PMID:26615560

Sanchez-Azofeifa, A., Portillo-Quintero, C., Wilson-Fernandes, G., Stoner, K., & Shimizu, T. (2013). 
The policy process for land use/cover change and forest degradation in the semi-arid Latin American/
Caribbean region: perspectives and opportunities. A literature review prepared for the Inter-American 
Development Bank.

Sanchez-Azofeifa, A., Quesada, M., Rodriguez, J. P., Nassar, J. M., Stoner, K. E., Castillo, A., ... John, 
A. (2005). Research priorities for neotropical dry forests. Biotropica, 37(4), 477–8-5.

Schmerbeck, J. (2011). Linking dynamics and locally important ecosystem services of South Indian dry 
forests: An approach. Resources, Energy, and Development, 8(2), 149–172.

Seppälä, R., Buck, A., & Katila, P. (Eds.). (2009). Adaptation of forests and people to climate change: 
A Global Assessment Report (Vol. 22). Helsinki, Finland: IUFRO World Series.

Serraj, R., Siclair, T. R., & Purcell, L. C. (1999). Symbiotic N2 fixation response to drought. Journal of 
Experimental Botany, 50, 143–155.

Setalaphruk, C., & Prince, L. (2007). Children’s Traditional Ecological Knowledge of Wild Food Re-
sources: A Case Study in a Rural Village, Northeast of Thailand. Journal of Ethnobiology and Ethno-
medicine, 3(1), 33. doi:10.1186/1746-4269-3-33 PMID:17937791



40

Effect of Climate Change on Tropical Dry Forests
 

Settele, J., Scholes, R., Betts, R., Bunn, S., Leadley, P., & Nepstad, D. (2014). Terrestrial and inland 
water systems In: C. B. Field, V. R. Barros, D. J. Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, 
et al. (Eds.), Climate Change 2014: Impacts, Adaptation, and Vulnerability Part A: Global and Sectoral 
Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge, UK: Cambridge University Press. 271-359.

Singh, K. P., & Kushwaha, C. P. (2005). Emerging paradigms of tree phenology in dry tropics. Current 
Science, 89(6), 964–975.

Springer, C. J., & Ward, J. K. (2007). Flowering time and elevated CO2. The New Phytologist, 176(2), 
243–255. doi:10.1111/j.1469-8137.2007.02196.x PMID:17822407

Stearns, S. C. (1992). The Evolution of Life Histories. Oxford, UK: Oxford University Press.

Suresh, H., Dattaraja, H., & Sukumar, R. (2010). Relationship between annual rainfall and tree mortal-
ity in a tropical dry forest: Results of a 19-year study at Mudumalai southern India. Forest Ecology and 
Management, 259(4), 762–776. doi:10.1016/j.foreco.2009.09.025

Telwala, Y., Brook, B. W., Manish, K., & Pandit, M. K. (2013). Climate-Induced Elevational Range 
Shifts and Increase in Plant Species Richness in a Himalayan Biodiversity Epicentre. PLoS One, 8(2). 
doi:10.1371/journal.pone.0057103 PMID:23437322

Thomas, V., & López, R. (2015). Global increase in climate-related disasters. ADB Economics Working 
Paper Series, No. 466. Asian Development Bank, Metro Manila, Philippines.

Thuiller, W. (2007). Climate change and the ecologist. Nature, 448(7153), 550–552. doi:10.1038/448550a 
PMID:17671497

Trejo, I., & Dirzo, R. (2000). Deforestation of seasonally dry tropical forest: A national and local analysis 
in Mexico. Biological Conservation, 94(2), 133–142. doi:10.1016/S0006-3207(99)00188-3

Tripathi, S., Bhadauria, R., Srivastava, P., Singh, R., & Raghubanshi, A. S. (2016). Abiotic determinants 
of tree seedling growth in tropical dry forests. Advances in plant physiology (Bethesda, MD), 17, 119–131.

UNEP-WCMC Forest Programme. (2011). Global statistics. Retrieved from www.unep-wcmc.org

UNFCCC. (1992). United Nations framework convention on climate change. Climate change secretariat, 
Bonn, Germany. Retrieved from http://unfccc.int/

<unknown>Thomas, V., & López, R. (2015). Global increase in climate-related disasters. Asian Devel-
opment Bank Economics Working Paper Series, (466).

Waeber, P., Ramesh, B., Parthasarathy, N., Pulla, S., & Garcia, C. (2012). Seasonally dry tropical forests 
in South Asia: A research agenda. In A research agenda to contribute to the discussions on “Key Issues 
for the Global Dry Forests” workshop organized by CIFOR, Zurich, Switzerland.

Walker, S., & Desanker, P. (2004). The impact of land use on soil carbon in Miombo Woodlands of 
Malawi. Forest Ecology and Management, 203(1-3), 345–360. doi:10.1016/j.foreco.2004.08.004

http://unfccc.int/


41

Effect of Climate Change on Tropical Dry Forests
 

Warszawski, L., Frieler, K., Huber, V., Piontek, F., Serdeczny, O., & Schewe, J. (2014). The Inter-Sectoral 
Impact Model Intercomparison Project (ISI-MIP): Project framework. Proceedings of the National 
Academy of Sciences of the United States of America, 111(9), 3228–3232. doi:10.1073/pnas.1312330110 
PMID:24344316

Warszawski, L., Friend, A., Ostberg, S., Frieler, K., Lucht, W., Schaphoff, S., & Schellnhuber, H. J. 
(2013). A multi-model analysis of risk of ecosystem shifts under climate change. Environmental Research 
Letters, 8(4). doi:10.1088/1748-9326/8/4/044018

Westhoff, V., & van der Maarel, E. (1978). The Braun Blanquet approach. In R. H. Whittaker (Ed.), Clas-
sification of plant communities. The Hague, The Netherlands: Junk. doi:10.1007/978-94-009-9183-5_9

Williams, G. L., & Aquino, C. A. (2010). Tropical Dry Forest Landscape Restoration in Central Veracruz, 
Mexico. Ecological Restoration, 28(3), 259–261. doi:10.3368/er.28.3.259

Wohlfart, C., Wegmann, M., & Limgruber, P. (2014). Research Article Mapping threatened dry decidu-
ous Dipterocarp forest in South-east Asia for conservation management. Tropical Conservation Science, 
7(4), 597–613. doi:10.1177/194008291400700402




