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Preface
As climate change advances there will be significant changes in environmental conditions in many
parts of Nepal, likely accompanied by profound changes in vegetation. Forest management
strategies aiming to restore and maintain forest cover in Nepal need to take this into account
now, given the long lifecycle of trees. While agricultural crops can be switched relatively quickly
in response to climate change, it takes much longer to change tree species in a forest plantation
or community forest. Decisions made now about selection of tree species will have implications
for decades to come. There is a high degree of uncertainty about future conditions, and hence
effects on individual tree species, making climate-smart tree selection challenging. Never the
less, there are initial findings and principles that can be applied.
This report presents results from two separate studies on resilience of tree species used for
reforestation in the Chitwan-Annapurna Landscape, using climate modeling and germination/
establishment trials. It takes results from these complementary approaches, along with
information from the literature, and attempts to triangulate likely climate impacts and degree of
species resilience or vulnerability. Broad recommendations for tree species selection are drawn
from the findings. We hope that these initial efforts provide a building block for other methods
in the future including direct observation, so that the recommendations can be refined and
improved, and climate resilience built in Nepal’s forests.
The report is in two parts:
Part 1
•
•

Recommendations on tree species selection and summary of the two studies
Climate modeling study: Selecting Tree Species for Climate Change-Integrated Forest
Restoration and Management in the Chitwan-Annapurna Landscape, Nepal Using a
Climate Envelope Modeling Approach

Part 2
•

Germination/establishment trials: Assessing Climate Vulnerability of Hill Sal and
Subtropical/Tropical Broadleaf Forest Trees of the Chitwan-Annapurna Landscape, Nepal
through Seed Germination and Establishment Trials

We are very grateful to all those who contributed to the studies and related consultations,
including staff in the Department of Forestry, and to USAID for generously funding this work.
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Recommendations and Summary
Recommendations for climate-smart tree selection
Selecting tree species for planting
•

•

•

•

•
•

•

Select from species already at or near a site: Identify any species among those already
growing in or near a site that will likely be well adapted to future climatic conditions at the
site, and hence survive there.
Consider assisted migration: Review species growing in other places where current climate
and other conditions are similar to those projected for the site in the future (e.g. at a lower
altitude or in a warmer place) – BUT take care to avoid introducing species that could become
dominant by suppressing or outcompeting species already present in the site. Thorough
background research should be done to check that the species being introduced into the
forest community will not have any negative impacts on the existing species and species
interactions.
Maintain diversity and ecological functions: Adopt analog forestry practices when selecting
species, so that the forest community mimics natural forests in diversity and functions, but
consists of climate adapted species that could grow there in the next several decades and
that can also meet management objectives (e.g. slope stabilization, livelihood-related
benefits, timber production and/or carbon storage) while increasing ecological diversity and
resilience.
Consider species susceptibility to fire: take fire resistance/susceptibility of tree species into
account in decisions about which species to plant, since uncontrolled forest fires are likely to
increase in intensity and extent in the future during dry years.
Consider genetic aspects: Consider provenance of tree seeds when undertaking assisted
migration, matching conditions in area of origin with projected conditions in the new area.
Pay special attention to threatened tree species: For threatened tree species such as
Langtang larch (Larix himalaica), champ, bijaysal and satisal, establish new populations in
areas where climate is projected to become suitable in the future, and ensure replication of
stands, as part of their species conservation plans.
Triangulate with different information sources: Triangulate results from macro-scale climate
envelope modeling with ecophysiological characteristics of the individual species (e.g.
germination, establishment, growth and flowering under projected future site conditions),
data on locations of microclimate refugia, and local knowledge of species and site conditions,
to ensure species selection is based on the best available information.
1

Improving knowledge for species selection decisions
•

•
•

Study species distribution: Conduct studies of species distributions (both presence and
absence) to create a biological and biogeographic knowledge base of species to improve
predictive analyses; collect and collate existing knowledge, including indigenous knowledge;
and monitor changes in distribution over time to learn how species are shifting.
Undertake monitoring: Monitor forests for changes in species survival, growth, phenology,
recruitment and fire damage to inform adaptive forestry practices.
Watch for changes in pest and disease occurrence: Be particularly vigilant for increase in
pests and diseases of tree species, which may be an indication of climate stress; if this
becomes serious, consider dropping affected tree species from forest management programs
rather than making investments to maintain them.

Climate-smart sylviculture practices
•

Practice phytosanitary precautions: Take phytosanitary measures to avoid accelerating the
spread of pests, diseases and invasive plant species during tree planting.

Supporting resilience of forests and tree species through management practices
•

•

•
•

•
•

Restore/maintain climate corridors: Identify and maintain/restore forest climate corridors
along altitudinal and climate gradients to enable range shifts in tree species to occur through
natural processes.
Avoid forest fragmentation and degradation: Avoid fragmentation and degradation of
forests by reducing non-climate threats, including road development through forests which
enables entry of invasive species/diseases and restricts dispersal of less mobile native species.
Maintain and restore large blocks of forest: maintain/restore large blocks of forest in healthy
condition to ensure high species diversity for resilience.
Manage old-growth forests: Avoid conversion of old-growth natural forests as they tend to
be more resilient to climate change; only practice low intensity forest management there
(Noss 2001).
Protect climate refugia: protect micro-refugia (e.g. steep-sloped ravines, valleys, and north
and northwest-facing slopes) where species are likely to survive longer.
Control fire: Practice controlled burning where feasible and safe, to reduce fuel loads and
avoid damaging fires; develop and maintain firebreaks to contain fires if the terrain permits;
and undertake outreach to avoid accidental fires in light of expected climate-induced changes
in fire patterns.
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Summary of results and conclusions from two studies
Global climate change is expected to result in changes to forest vegetation communities in Nepal.
Projections are for warmer and wetter conditions in the Himalayan region, but these changes will
occur with greater uncertainty in timing, frequency, and duration (Gaire et al. 2014, Intergovernmental Panel on Climate Change (IPCC) 2014, Shrestha et al. 2012, Ministry of
Environment (MoE) 2010, Xu et al. 2009). The complex mountain terrain will also overlay an
added spatial layer of complexity and uncertainty from meso- and micro-climates that are decoupled from regional effects of climate change.
These climatic changes will affect the environmental parameters that govern and trigger various
life stages of tree species, especially germination, recruitment, growth, and thereby their spatial
distributions (Kushwa and Singh 2005, Rai et al. 2012, Rawal et al. 2015, Sapkota et al. 2010,
Singh 2014, Singh et al. 2010, Xu et al. 2014). Field surveys have already confirmed measurable
range shifts in some tree species (Dubey et al. 2003, Shrestha and Devkota 2010, Vijayprakash
and Ansari 2009).
Nepal has already lost extensive areas of its forest ecosystems to anthropogenic drivers of
conversion (Chaudhary 2000). This has been of concern to the Government of Nepal because of
the multiple roles that forests play in stabilizing steep slopes to prevent natural disasters, and
providing a range of ecosystem goods and services that support the well-being of people
(Chaudhary 2000, Pandey et al. 2010). Intact forests contribute to the national economy by
improving people’s livelihoods and small businesses, protecting watersheds and river systems
that contribute to water-based sectors such as agriculture and hydropower, and providing
sustainable timber and non-timber forest products. The socio-economic well-being of
communities is linked to political stability and governance. Nepal’s forests are also important for
the globally important biodiversity they harbor. Thus, recognizing these roles and the importance
of maintaining healthy, intact forests, the Government of Nepal has been encouraging forest
restoration and sustainable forest management for the past several decades (Nagendra 2002,
Nagendra et al. 2005, Chaudhary 2000). Now, with climate change emerging as an important
driver of ecological change, these reforestation and afforestation programs should consider longterm survivorship when selecting tree species for reforestation, and integrate potential climate
change impacts into forest management plans and strategies.
But there are inherent uncertainties associated with all climate projections, and the various
approaches and methodologies that are used to predict changes (Heikkinen et al. 2006, Lawler
et al. 2006). Climate envelope models that use regional datasets have been widely used to
predict changes in species distribution and ecological communities; these models lack accuracy
but are useful to provide first approximations and broad guidelines (Heikkinen et al. 2006,
3

Pearson and Dawson 2003). Combining these coarse-scale models with mechanistic models
that use eco-physiological information of species to triangulate the results can improve
accuracy, and enable better interpretation of the results (Chmura et al. 2011). The two studies
presented both aim to provide guidance for selecting species in climate change-integrated
forestry projects. This summary attempts to combine the correlative climate envelope models
based on regional datasets with mechanistic models that use empirical data. The first study
used general circulation model (GCM)-based climate envelope models to project the future
distribution of a selected suite of tree species that are dominant in different forest types in
Nepal, using the IPCC A2A greenhouse gas (GHG) emissions scenario. The second study
assessed seed germination and seedling survival success under projected climatic conditions of
the IPCC A1B GHG scenario using the mechanistic Tree and Climate Assessment Germination
and Establishment Model (TACA-GEM) (Mok et al. 2012, Rawal et al. 2015), which evaluates a
species’ response to climate change during the most sensitive stage of the life cycle:
germination and establishment. The projections were for 2050 and 2060, respectively.
Together, the predictive climate envelope models and the mechanistic approach from the
germination and establishment phenological response provide a way for cross-validation of the
results through triangulation, and enable recommendations for climate change-integrated forest
restoration and management in the Chitwan-Annapurna Landscape (CHAL). Nevertheless, the
data should be used with further critical analysis, expert consultation, field observation and
constant monitoring and updating of knowledge for adaptive management.
The species selected for both analyses are dominant trees in different forest vegetation types in
Nepal, and are also important to the local communities for their timber and non-timber values,
and therefore, for consideration in forestry programs (Table 1). The results from the climate
models indicate that several of the species selected for analysis will exhibit considerable range
shifts due to climate change, but some will not (see Part 1). The overall trend is for tree species
in the lower elevations—especially in the lower and middle mountains—to shift northwards or
up slopes within the current range. From among the lowland tree species, Shorea robusta
exhibited a northward shift following the river valleys and up the surrounding slopes. But Emblica
officinalis, which is another lowland species confined to the Terai and inner Dun valleys, does not
show any range shifts, and is likely intolerant of montane conditions. Species such as
Cinnamomum tamala, which is currently widespread and extends into the middle mountain
region did not exhibit additional northward shifts, although there could be upslope shifts within
the current distribution range. Schima wallichii grows to the north or above Cinnamomum tamala
and exhibited a considerable northward shift. Castanopsis tribuloides and C. indica usually grow
with S. wallichii, but the climate change projections indicate that the distribution of Castanopsis
spp. in the CHAL will become more fragmented.
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Although Pinus roxburghii shows some local range shifts and expansions, most sub-basins of the
CHAL do not seem favorable to this species under climate change scenarios. But Pinus wallichiana
is a higher elevation pine species that could extend its range into the Trans Himalayan region,
along the Gandaki River.
In the high mountain zone, Betula utilis, Abies spectabilis and Rhododendron spp. are projected
to expand their ranges northwards. Picea spp. forests are localized in the subalpine zone of the
CHAL, but could extend its range northwards.
The TACA-GEM simulation demonstrated that Alnus nepalensis, Adina cordifolia, Acacia catechu,
Bombax ceiba, Dalbergia sissoo, Melia azedarach, S. wallichii, S. robusta, and Syzygium cumini
exhibit enhanced germination and establishment in colder areas of the current distribution range
of subtropical forests in CHAL, suggesting that these species may survive under the projected
future climatic conditions, and experience northward shifts in their ranges Albizzia procera and
Lagerstroemia speciosa displayed a wider degree of plasticity and resilience to warmer climate
which may enable them to persist in the lower subtropical and tropical forests as they are better
able to adapt to the changing climate conditions there. In contrast, regeneration and
establishment results indicate that mountain species Quercus semicarpifolia is the most
vulnerable of the indigenous species studied in the two CHAL forest types.
The mechanistic model simulation of two exotic but commonly used plantation species,
Eucalyptus camaldulensis and Tectona grandis, showed poor establishment success under
climate change projections, indicating that they will be poor selections for climate change
integrated forestry projects.
Overall, the results from the mechanistic model indicated that while many species were able to
increase germination rates under the projected climate changes, establishment often declined
for several species in the new conditions. There was considerable spatial variation in
germination and establishment success across the projected climates in different districts.
Establishment failure of most species in the warmer sites in CHAL suggest that forests in these
areas are more vulnerable to climate change than in higher, cooler areas.
The topographic variation of the terrain in CHAL creates a complex mosaic of meso- and
microhabitats based on rain shadows, insolation, wind, and other geophysical conditions. These
small-scale variations cannot be discerned by region-scaled correlative models, but become very
important in mountain regions with highly dissected and complex terrain. Thus, the GCM-based
models must be triangulated with mechanistic models that use eco-physiological data, such as
germination and establishment response combined with other information on the natural history
and ecology of species.
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The distributions of the six species of oak (Quercus spp.) in the middle mountain zone of Nepal
serve to illustrate this point. Three species, Q. floribunda, Q. lamellose, and Q. glauca, grow
better on moister north- and northwest-facing slopes, while Q. semicarpifolia, Q. lanata, Q.
leucotrichophora grow on drier south-facing slopes. Thus, microclimatic variations play a large
part in distribution and establishment of these oaks. A GCM-based climate envelope model,
however, cannot discern these differences, but seed germination trials and other mechanistic
models could.
Some of the other major tree species—A. cordifolia, S. cumini, Terminalia alata, Albizia lebbeck,
Bombax ceiba, Anthocephalus cadamba, Dalbergia latifolia, Lagerstroemia parviflora,
Pterocarpus marsupium, Toona ciliata, Terminalia chebula, and Terminalia bellirica—that grow
in association with S. robusta in the Hill Sal Forest and Lower Tropical Sal and Mixed Broadleaf
Forest, could be expected to respond to climate change in a similar way to Shorea based on GCM
climate models. However, closer examination of their ecologies show that the species in this
association also exhibit species-specific microhabitat preferences and edaphic conditions; for
instance, T. alata, S. cumini, A. lebbeck and T. ciliata grow in moister conditions than does S.
robusta.
The mechanistic model simulation also indicated that Albizia procera, another lowland tree that
grows in association with the Shorea community, would be able to tolerate warmer conditions
expected in the present range, but could also grow in the subtropical regions in the future. The
range expansions of A. procera would be much greater than species such as B. ceiba, A. catechu,
and D. sissoo, which showed less germination and seedling survival success under warmer
conditions.
Climate change can also induce phenological responses that make it challenging for a species to
adapt to changing environmental conditions, and affect reproduction and recruitment
(Chmielewski, et al. 2004, Hughes 2000, Linderholm 2006, Singh et al. 2010). For instance, seed
maturation and germination in forest species such as S. robusta, Q. floribunda and Q.
semecarpifolia coincide with monsoon rainfall (Singh et al. 2010). Unpredictable rainfall patterns
could affect environmental phenological triggers, such as flowering, seed germination, and
subsequent seedling survival, to which a species has evolved and adapted.
The results of the mechanistic model also showed a marked decrease in germination success of
A. cordifolia and A. catechu under climatic conditions projected for different areas of Nepal.
Regional climate models would not be sensitive enough to identify local variations in climate due
to terrain complexity, especially in the mountains.
These two studies show that climate envelope models can provide a broad perspective for the
selection of tree species in climate change integrated forestry programs, but they should be
6

validated by mechanistic models and other information on the ecophysiology of a species.
Assisted migration, where tree species that could respond to climate change are planted in their
potential future habitats (Marris 2009, Pedlar et al. 2012, Williams and Dumroese 2013) could
become an important tool in climate change integrated forestry and forest restoration programs.
Analyses such as these can help to select species for assisted migration by providing predictive
information about species range shifts and data on germination and survivorship based on
climate change projections.
Conserving the existing forests and restoring forests in degraded areas have now become a
greater priority for the government, to provide people with benefits, to reduce risks from natural
disaster, and also to meet obligations to international covenants with the
Convention on Biological Diversity (CBD), the UN REDD1 Programme and the World Bank’s Forest
Carbon Partnership Fund. The Government of Nepal has prepared a national REDD+ Strategy and
Implementation Plan (Ministry of Forests and Soil Conservation (MoFSC) 2015), and in keeping
with the policy of sustainable, community-engaged forest management and protection, is
banking on REDD+ as a strategy to also provide economic incentives to local stewards while
meeting the international commitments.
But forest restoration is also a long-term endeavor, and selection of tree species should consider
the future impacts of climate change and be scientific in its approach. Species diversity increases
climate resilience through multiple and redundant ecological links that add stability to
ecosystems (Isbell et al. 2015, Thompson et al. 2009). Thus, reforestation programs should
consider analogue forestry techniques (Senanayake and Jack 1998) that mimic diverse natural
forests by creating these ecological links and niches. In doing so, the choice of species should
include some species that would be expected to grow within the elevation zone or in the
particular habitat under future climate change scenarios.
Analyses such as this, while not perfect, can help to make critical and informed decisions to
support long-term forest restoration programs. Triangulation of macro-scale correlative climate
envelope models with mechanistic approaches that consider the ecophysiological characteristics
of individual species can improve the predictive power and accuracy of these decisions.

1

Reducing Emissions from Deforestation and Forest Degradation
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Table 1. Tree species used in the climate envelope modeling and seed germination trials.
SPECIES

Juniperus spp.
Abies spectabilis
Betula utilis
Picea smithiana
Pinus wallichiana

Alnus nepalensis

Cedrus deodara

Schima wallichii

Castanopsis spp.

Quercus semicarpifolia

Pinus roxburghii

Cinnamomum tamala
Michelia champaca
Emblica officinalis
Aesandra butyracea
Melia azedarach

Shorea robusta

Adina cordifolia
Syzygium cumini

Climate
Model

Mechanistic
Model

Use and tree characteristics
Able to colonize and grow on high elevation barren lands,
and can be used in reforestation and afforestation
programs
Occurs as a narrow band below alpine zone. Used in
construction and for reforestation of degraded slopes.
Occurs in a narrow band in the upper regions of the high
mountain Zone. Fast-growing species. Can be used to
restore, reforest, and stabilize degraded slopes.
Important timber tree in high elevation areas.
Cold tolerant. Can be used for afforestation in high
elevation areas, especially in areas that are less moist.
A fast-growing pioneer species. Leaves used as animal
bedding and for tanning and dyeing. Wood used as
fuelwood, green leaf as manure. Helps in soil
conservation. Used to reforest degraded slopes, especially
to rapidly stabilize degraded slopes.
Planted near temples for religious value. Valuable for
timber. Wood, resin, and bark have medicinal value.
Widely used in community forestry. Timber is used for
medium-heavy construction, and for fuelwood and
fodder. Tannins and medicinal oils are extracted. Shoots
have medicinal uses.
Wood is used for building. Leaves used for fodder. Nuts
are edible.
There are six species of Quercus, out of which Q.
semicarpifolia is valued as a timber species, and also for
fuelwood and charcoal production. Leaves are used for
dry season fodder.
Widely planted forest tree in Nepal. Grows well on poor
soils, and considered a good pioneer species that can be
used to provide shade for other species to encourage and
facilitate succession. Used in construction in hills. Resin
has commercial value.
Highly valued for cooking and medicinal uses.
Valuable timber and fodder.
Highly valued for cooking and medicinal uses.
Vegetable butter (chiuri ghee) extracted from fruits.
Fuelwood and fodder.
Light-weight timber used for furniture making and
fuelwood. Foliage used for fodder. Leaves and fruit have
insecticidal properties.
Timber is hard and very durable. Used in construction and
industrial building. Seeds used for food and for oil
extraction. Leaves are used for making leaf plates and
cups and for fodder.
Important timber tree. Also used as fuel wood and fodder.
Sacred to Hindus and Buddhists. Highly valued for its
medicinal uses, edible fruits, fodder, strong heavy timber
and good fuelwood.

8

Terminalia alata
Albizia lebbeck

Albizia procera

Bombax ceiba

Anthocephalus cadamba
Dalbergia latifolia
Lagerstroemia parviflora

Lagerstroemia speciosa

Pterocarpus marsupium
Toona ciliata
Terminalia chebula
Terminalia bellirica

Dalbergia sissoo

Acacia catechu

Tectona grandis

Eucalyptus camaldulensis

Used for fuelwood, poles for house-building, and timber
for furniture-making. Leaves used for fodder.
Decorative heartwood used in furniture and construction.
Used as fuelwood, leaves for fodder. A number of
medicinal uses.
Wood is used for a variety of purposes. Also for fodder
and as a shade tree. An important reforestation and
agroforestry species
Light wood used to make match boxes, veneer, plywood,
etc. Also used as stuffing for pillows, mattresses, and floss
is suitable for textiles, surgical dressings, sound proof
covers and to extract gum and oil.
Light wood used to make matches and paper pulp
Highly valued for timber, used to make furniture.
Valued as a timber tree, after Shorea robusta. Also used to
produce charcoal.
Wood is medium-weight hardwood resistant to termites.
Used as fuel wood and for timber products. Bark, fruit and
leaves contain tannin. Seeds used to extract oil. A
decoction of the bark is used to treat diarrhea and
abdominal pains.
Has medicinal values, used to treat several illnesses and
diseases. Also for fodder and making wooden utensils
Planted in large scales in community plantations. Durable
timber. Leaves used for fodder.
Wood used for furniture-making and house-building.
Timber used in building and other construction. Leaves
used as fodder. Fruit used to increase potency of local
liquor.
A high-quality timber species. Foliage also used for fodder,
traditional medicines. A lubricant is produced from the
heartwood.
A useful multipurpose tree for fuelwood and small timber
for village use. An impure form of catechin called Kattha is
produced, and used mainly for chewing with betel nut,
but also has medicinal and pharmacological uses.
Exotic species used in forest plantations. High value
timber. Leaves, seeds and bark have medicinal properties
and contain some tannin and dye.
Exotic species, planted for the strong, durable timber.
Flowers produce nectar for honey production/ apiculture.
Wood also used in shitake mushroom culture and tannin
production.
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Summary
Global climate change is expected to manifest as warmer and wetter conditions in the
Himalaya. This will affect forest vegetation communities, including changes in species
composition as species respond to changing environmental conditions. Field surveys are
already indicating measurable range shifts in some tree species.
Nepal has lost extensive areas of its forest ecosystems to anthropogenic drivers of conversion.
Because forest cover plays an important role in stabilizing steep slopes, and forests provide vital
ecological goods and services to support the well-being of people and the national economy,
the Government of Nepal has been encouraging forest restoration and sustainable
management for the past several decades. However, with climate change emerging as an
important driver of ecological change, reforestation and afforestation programs should
consider the long-term survivorship of the trees selected for reforestation.
Diversity increases climate resilience through the multiple and redundant ecological links that
add stability to ecosystems. Thus, reforestation programs should consider analogue forestry
techniques that mimic diverse natural forests by creating these ecological links and niches. In
doing so, the choice of species should include some species that would be expected to grow
within the elevation zone or in the particular habitat under future climate change scenarios. In
this analysis, we assessed the projected response of several tree species to climate change
using the IPCC A2A GHG scenario with GCM-based climate envelopes to provide guidelines and
recommendations for climate change-integrated forest restoration and management in the
CHAL.
The results from the climate models indicate that several of the species that were selected for
analysis could exhibit considerable range shifts due to climate change. The overall trend is for
tree species in the lower elevations—especially in the lower and middle mountains—to move
northwards or up slopes within the current range. Among the lowland tree species we
analyzed, Shorea robusta (Sal) is projected to shift further north along river valleys to the north
of the Churia range and up the surrounding slopes. However, species such as Cinnamomum
tamala, which is widespread and already present in the middle mountain region, does not show
much more substantial northward movement; instead there could be movement up slopes of
the catchments within the current distribution range. But Schima wallichii, a common tree
species that occurs to the north or above Cinnamomum tamala, shows a considerable
northward shift, including into northern Gorkha district and Manang districts. Another lowland
species, Emblica officinalis which is now largely confined to the Terai and inner Dun valleys of
the Churia, does not show any range shifts, either northwards or upslope within the current
range. The species is likely intolerant of montane conditions.
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In addition to the range shifts predicted by correlative, coarse-scale models, the choice of trees
should also be informed by the ecophysiological characteristics of species. For instance, there
are six species of oak (Quercus spp.) in the middle mountain zone of Nepal. Some species (Q.
floribunda, Q. lamellose, Q. glauca) grow better on moister north- and northwest-facing slopes,
while others (Q. semicarpifolia, Q. lanata, Q. leucotrichophora) grow on drier south-facing
slopes. While the GCM-based climate envelope models indicate that the distribution of oaks
will extend both northwards—into the area currently now populated with fir—and southwards,
selection of species for reforestation should also take into consideration the microclimatic
regimes that the individual species require.
Some of the other major tree species—Adina cordifolia (Karma), Syzygium cumini (Jamun),
Terminalia alata (Saj), Albizia lebbeck (Siris), Bombax ceiba (Simal), Anthocephalus cadamba
(Kadam), Dalbergia latifolia (Satisal), Lagerstroemia parviflora (Botdhagero), Pterocarpus
marsupium (Bijaysal), Toona ciliata (Tooni), Terminalia chebula (Harro), and Terminalia bellirica
(Barro)—that grow in association with Shorea (Sal) in the Hill Sal Forest and Lower Tropical Sal
and Mixed Broadleaf Forest could be expected to respond in a similar way to Shorea based on
GCM climate models. However, the species in this association also exhibit species-specific
microhabitat preferences; for instance, Terminalia alata, Syzygium cumini, Albizia lebbeck,
Toona ciliata grow in moister conditions than Shorea does.
These small-scale variations cannot be discerned by regional-scaled correlative models, but
become very important in mountain regions with highly dissected and complex terrain. Thus,
the GCM-based models should be triangulated with mechanistic models that use
ecophysiological data. Unfortunately, such data are unavailable for most species. Nevertheless,
these models provide a useful approximation that aids in climate change-integrated
conservation planning at landscape scales, but should be used with caution, with constant
monitoring and updating of knowledge for adaptive management.
In other results, Castanopsis tribuloides and C. indica are found mixed with Schima. But unlike
Schima, the climate change projections indicate that the distribution of Castanopsis in CHAL will
become more fragmented. Thus, restoration with Castanopsis should be done within the
current range. Although chir pine (Pinus roxburghii) shows some local range shift and
expansions, most sub-basins of the landscape do not seem favorable to chir pine under climate
change scenarios. The northern areas of Dhading and Rasuwa districts, which have several
highly destabilized slopes from the April 2015 earthquake, are within the range of habitat shift
of chir pine, which could be considered a restoration species, especially since the temperate
blue pine (Pinus wallichiana) in the upper mountains does not seem to expand into these areas
under the climate change scenarios. Instead, blue pine is projected to extend its range into
Mustang district along the Gandaki river and along the Seti river in Tanahu district. In the
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northeastern districts the range extensions of blue pine will be to the north of the range
extension expected from chir pine; thus restoration or planting in these districts should
consider chir pine along the river valleys and blue pine further north and in the upper slopes.
In the high mountain zone, birch (Betula utilis), fir (Abies sp.), and rhododendron
(Rhododendron spp.) can grow up to the treeline-alpine ecotone, and will expand their ranges.
But birch and fir usually grow on north-facing slopes whereas rhododendron will grow on
south-facing slopes, together with oak (Q. semicarpifolia). These trees can potentially be used
to reforest, restore, and stabilize the destabilized slopes in the northeastern districts, but the
trees should be appropriately used by considering the microhabitats. Spruce (Picea sp.) forests
are localized in the subalpine zone of the CHAL, but spruce could extend its range to include the
northern areas of Manang and Gorkha districts, including the destabilized slopes there.
Nepal has pledged to implement climate change mitigation and adaptation programs, and has
recognized and accepted REDD+ as a feasible strategy for climate change mitigation. The
Government of Nepal has already prepared a REDD+ Readiness Preparation proposal for
eligibility to the Forest Carbon Partnership Facility (FCPF) and a national REDD+ Strategy and
Implementation Plan. In keeping with the policy of sustainable, community-engaged forest
management and protection, Nepal looks upon REDD+ as a strategy to economically incentivize
forest conservation and restoration programs, including reclaiming and restoring encroached
forest lands and expanding community based forest management. In light of the long-term
outlook and goals of REDD+-related forest restoration programs, selection of tree species for
restoration should consider the impacts of climate change and take a scientific approach.
Analyses such as this, while not perfect, can help to make critical and informed decisions to
support long-term forest restoration programs by:
•
•

•

•
•
•

helping to identify species that are likely to be adapted to future climatic conditions for
reforestation and afforestation programs
promoting analogue forestry practices, where the forest community would mimic natural
forests in diversity, but include climate-adapted species that would also provide livelihoodrelated benefits
triangulating macro-scale correlative climate envelope models with mechanistic approaches
that consider the ecophysiological characteristics of the individual species, presence of
microclimate refugia, and local knowledge
placing emphasis on monitoring the forests for species survival, growth, phenology, and
recruitment that will help adaptive management
encouraging studies of species distributions (both presence and absence) to create a
biological and biogeographic knowledge base of species to improve predictive analyses
collecting and collating existing knowledge, including indigenous knowledge
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•

especially avoiding conversion of old growth natural forests that are more resilient to
climate change, and practicing low intensity forestry
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Introduction
Global climate change is now considered to be an important driver of ecological change,
including causing range shifts or local extinctions, if species cannot adapt to or move from
unfavorable environmental conditions (Parmesan 2006). The responses to warming climates
are expected to be poleward or upslope movements, but the shifts will also be influenced by
various local abiotic and biotic conditions, such as local land use and dispersal or movement
barriers, microclimates, the use of plants and animals by people, interspecific interactions,
species-specific ecophysiological tolerances to environmental conditions, vagility, nutrient
availability, and edaphic conditions (Parmesan and Yohe 2003, Parmesan et al. 2011, Schickhoff
et al. 2015).
Studies in the Himalaya, including in Nepal, already show measurable responses among some
tree species, manifested as northward and upslope shifts (Dubey et al. 2003, Shrestha and
Devkota 2010, Vijayprakash and Ansari 2009). A climate change projection modelled for eight
major vegetation types in the Nepal Himalaya suggests that some forest communities are more
vulnerable to climate change, while others may be more resilient and remain unchanged under
projected climate scenarios (Thapa et al. 2015). However, the study also shows that the
complex topography of the Himalayan mountains can create resilient climate microrefugia even
within the larger spaces of climate vulnerable areas.
Many people in Nepal still depend heavily on forest-based resources, including several tree
species, for a variety of uses ranging from timber to food, fodder, medicines, wood for utensils
and crafts, and fertilizer (Chaudhary 2000). But decades of unsustainable harvesting have
caused many of Nepal’s natural forests to become highly degraded, threatening the biodiversity
of these ecosystems as well as sustainability of ecosystem goods and services that support
livelihoods and wellbeing (Chaudhary 2000). Degraded forests are also less resilient to climate
change (Noss 2001).
In addition to rising temperatures, climate change is expected to result in more frequent and
more severe weather extremes of high, but unpredictable precipitation events interspersed by
periods of drought in the Nepal Himalaya (MoE 2010). Increasing climate variability can also
result in shorter but unpredictable periods of extreme cold or heat waves during seed
germination and seedling emergence, which are critical periods that can affect seedling survival
and recruitment. This in turn can influence vegetation community composition and structure
(Orsenigo et al. 2015, Walck et al. 2011, Xu et al. 2014). If forests on steep mountain slopes
become degraded or converted, the slopes could become more vulnerable to destabilization
from erosion as the soils become dry and fragile, and surface water runoff from heavy rains will
wash loosened topsoil downslope, adding heavy silt loads in rivers and streams. Unimpeded
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surface runoff, loosened soil and boulders, collapsing river banks, and trees and other debris
can block rivers and streams, causing localized floods behind the blockage and risk of flash
flooding downstream. Cataclysmic events such as the recent earthquake of April 2015 can
exacerbate the effects of climate change, making the steep slopes with degraded ground cover
more prone to earth slips and landslides (Ministry of Science, Technology and Environment
(MoSTE) 2015). Loss of forest resources and vulnerability to such hazards will
disproportionately affect poor and marginalized people who often live in less productive and
unsafe areas, and women who usually seek and collect forest resources, and are thus more
exposed to natural hazards (Neumayer and Plümper 2007, Vakis 2006).
Climate change induced droughts can result in an increase the frequency, duration, timing, and
intensity of forest fires, affecting forest composition and regeneration (Dale et al. 2001,
Flannigan et al. 2005). Forest fires are now considered a significant threat to all forests in Nepal
(Sharma et al. 2008, Das 2011), but especially affect regeneration and recovery of the relatively
slow-growing temperate oak-dominated forests of the middle mountains (Sharma and Rikhari
1997, Vetaas 2000). If climate change results in prolonged droughts with increased
accumulation of shed leaves in the undergrowth, forest fires—either natural or human
initiated—could become more frequent. However, if climate change results in wetter climatic
conditions, fires could become less frequent and intense. Because climate projections indicate a
spatially uneven and temporally erratic trend in precipitation and temperature changes, the
potential for forest fires will have to be carefully monitored and controlled.
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Landscapes and Forest Conservation
Recognizing the need for conserving its forests to protect its natural biodiversity and reduce
impacts of climate change, the Government of Nepal recently (2015) initiated a process to
identify several conservation landscapes across the country. CHAL and the Terai Arc Landscape
(TAL) are two such landscapes that were identified earlier, and have been received considerable
conservation investments during the past decade. The CHAL boundary approximates the northsouth directed Gandaki river basin in Nepal, while the TAL is an east-west directed landscape
that includes parts of the Terai and Churia range and cuts across several river basins and subbasins (Figure 1).

Figure 1. Chitwan-Annapurna Landscape (CHAL) and Terai Arc Landscape (TAL) showing representation of
existing forest vegetation and river basins.

The conservation goals for these landscapes include representative biodiversity and ecosystem
goods and services that will support livelihoods, protect lives, and sustain national and local
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economic development goals. Strategies to achieve these goals include restoration of degraded
forests in government forests, community-managed forests, and privately owned land.
Forest management and community forestry in Nepal
The nationalization of forests in 1957 alienated local communities from participating in forest
management, leading to widespread forest degradation since government resources proved
inadequate to manage the acquired forest estate effectively (Nagendra 2002). People
continued to extract forest resources including timber and firewood, and grazed livestock. Since
they had no sense of ownership and responsibility, they did so without regard to sustainability.
Realizing these challenges, the Government enacted the National Forest Act (1976) and the
Community Forestry Act (1993) in a move to re-engage local communities (Nagendra 2002,
Nagendra et al. 2005, Chaudhary 2000). The Forestry Master Plan of 1989 stipulated that:
Nepal’s forests should be managed sustainably to meet the people’s basic needs for fuel,
timber, fodder and other forest products, but on a sustainable basis; the land should be
stabilized to prevent further degradation causing soil erosion, floods, landslides, desertification,
and other ecological threats; the ecological and genetic resources of forests should be
conserved; and forests should contribute to the growth of local and national economies. The
local community forest user groups would also get usufruct and management rights to forest
lands though community forestry agreements as a strategy to achieve these objectives
(Nagendra 2002). As part of these management agreements, degraded forests would be
reforested and restored.
Climate change and vegetation
Field studies and model-based analyses show that vegetation communities change due to
impacts of global climate change (Parmesan 2006, Walther et al. 2002). Climate change will
affect species that comprise the vegetation community differently, based on the respective
physiological and ecological attributes of individual species; while some species with broad
ecological or physiological tolerance to changes in environmental variables may persist within
the current distribution range, species with narrow tolerance will either shift their ranges to
climatically suitable areas, or become locally extinct if the environmental changes exceed their
adaptive thresholds. Therefore, selection of tree species in forest management should consider
the potential climate vulnerabilities, adaptive capacities, and possible range shifts of the
respective species (Gill et al. 2013). This is important since trees are long-lived and relatively
slow-growing. There is much less flexibility with trees than with annual agricultural crops which
can be shifted to more suitable areas, or replaced with climate resilient crops the following year
or season. With tree species, selection should consider what species are likely to survive under
the climatic conditions that are expected to prevail decades from now.
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This is especially critical if carbon sequestration, timber production, conservation of biodiversity
climate corridors, or planting trees for livelihood benefits are long-term objectives. This applies
for all types of forest management regime in Nepal including government, community,
leasehold, private, and collaborative forests, and includes forests inside and outside protected
areas and buffer zones.
Many forest plants and trees are used by rural people for a range of purposes, from food and
fodder to medicines, construction, and fuelwood (Pandey et al. 2010). Community forests are
meant to provide the people with the necessary forest resources through sustainable
management, and as part of forest restoration and management the users plant or encourage
growth of species that they can use to meet their requirements. However, with the emergence
of global climate change as a driver of ecological change, the choice of species has to be
carefully considered now. The criteria for choosing species has to strive for balance among the
usefulness of the species in supporting livelihoods (when in community forests), the
ecophysiological tolerance of individual species to environmental variability; growth rates
(important, for example, if there is an urgent need to reforest unstable slopes or for carbon
sequestration); and the ecological roles of the species in the ecosystem.

Methods
In this study we identified several tree species (Annex 1) that are dominant components of the
forest vegetation in CHAL, and are also used by people for timber and non-timber purposes; we
projected their potential future distributions based on an IPCC A2A greenhouse gas (GHG)
climate projection to provide an initial methodological approach to assist with tree species
selection for climate-suitable planting (sensu Duveneck and Scheller 2015) in forest
management for various purposes in conservation landscape management.
We used the IPCC’s A2A GHG scenario (IPCC 2007) to project the future distributions. We chose
the A2A scenario, which is one of the highest IPCC GHG emissions scenarios, because recent
assessments indicate that GHG emissions during the 2000s exceeded the highest predictions by
the IPCC (IPCC 2007, Raupach et al. 2007, Hansen et al. 2012, Shrestha et al. 2012, World Bank
2012). Therefore, even this projection is likely conservative.
Caution: We do, however, emphasize that there are many uncertainties associated with climate
projections, and this analysis is meant to provide broad guidance when selecting tree species for
climate-change integrated reforestation and conservation. It is important to keep the
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uncertainties in mind, and treat this as a guiding document to be used critically, and in
combination with other information as discussed and recommended later in the report.

The dominant tree species chosen (Annex 1) were associated with forests of the high
mountains, middle mountains, Churia (Siwalik) and Terai physiographic zones of Nepal (Figure
2; Annex 1). The species selected
Table 1. Tree species used in the climate projection.
also have timber and non-timber
forest product values for local
High Himal
communities. We encourage this
Juniper (Juniperus spp.)
analysis to be extended to other
tree species in other landscapes and High Mountains
integrate the results into climate
Blue pine (Pinus wallichiana), fir (Abies spp.), birch (Betula spp.),
rhododendron, juniper (Juniperus spp.), oak (Quercus spp.), spruce (Picea
change-integrated conservation
smithiana), alder (Alnus nepalensis)
planning.
Middle Mountains

We selected a subset of species
Katus (Castanopsis spp.), chir pine (Pinus roxburghii), Tejpat (Cinnamomum
(Table 1) from the list of dominant
tamala), Champ (Michelia champaka); oak (Quercus spp.), Chilaune (Schima
tree species in Annex 1 for use in a
wallichii), alder (Alnus nepalensis)
climate model to assess their
Churia/Siwaliks
potential future distribution based
Chir pine (Pinus roxburghii), Tejpat (Cinnamomum tamala), Amala (Emblica
on a climate scenario. We
officinalis), Sal (Shorea robusta), Champ (Michelia champaka)
associated each species with forest
Terai
types indicated in the forest
distribution map prepared by the
Tejpat (Cinnamomum tamala), Amala (Emblica officinalis), Sal (Shorea
Department of Forests (DoF 2002)
robusta)
(Annex 1). When several species
were common to the same combination of forest types (see Annex 1), we ran the climate
model for one representative species (Table 1) to project the climate change influenced
distributions.
We used the DoF (2002) map to select occurrence points of each forest vegetation type and
train the model to project species distributions under future climate conditions. This DoF (2002)
map of forest classes (Figure 3) represents an extrapolation of forests before anthropogenic
conversion and degradation, and was created by experts based on their knowledge and
assumptions. While these extrapolations have some inherent biases, we used it to avoid the
greater biases in current forest cover maps due to extensive anthropogenic forest conversion.
We generated >1,000 random observation points for the respective forest classes assigned to
the individual species, and used them in Maxent (Phillipps et al. 2006) along with 19 WorldClim
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bioclimatic variables (Table 2). WorldClim is a global climate dataset representing historical
(1950-2000) monthly averages, minimums, and maximums in temperature and average
monthly precipitation created by interpolating temperature and precipitation values between
weather stations, along with elevation data (Hijmans et al. 2005, Hijmans and Graham 2006).
The bioclimatic variables are biologically meaningful variables and have been used in several
species or ecosystem related GCM models worldwide.

Figure 2. Physiographic zones of Nepal.

The future distributions of the species represent equilibrium climate for 2050 under the A2A
GHG emission scenario, which was projected with a downscaled HADCM32 General Circulation
Model (GCM) (Ramirez-Villegas and Jarvis 2010). The HADCM3 GCM (Mitchell et al. 2004) was

2

Hadley Centre Coupled Model version 3
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Figure 3. Forest types of Nepal based on the classification from the Department of Forests (DoF 2002) map. The map
represents the potential distribution prior to anthropogenic forest conversion.

selected because it is a moderate GCM at a global scale and appears to replicate historical
climate in Nepal fairly well (Forrest et al. 2012).

26

We also used a map of destabilized
slopes—following the April 2015
earthquake—mapped by Sean Gallen
(ETH-Zurich (Swiss Federal Institute of
Technology in Zurich)), Marin Clark
(University of Michigan), and Nathan
Niemi (University of Michigan)3 as a data
layer to identify slopes for reforestation
and afforestation using species that
would be expected to grow there in the
future as a climate adaptation strategy
(Figure 4).

Table 2. Nineteen Bioclimatic Variables from WorldClim.
BIO1 = Annual Mean Temperature
BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 = Isothermality (BIO2/BIO7) (* 100)
BIO4 = Temperature Seasonality (standard deviation *100)
BIO5 = Max Temperature of Warmest Month
BIO6 = Min Temperature of Coldest Month
BIO7 = Temperature Annual Range (BIO5-BIO6)
BIO8 = Mean Temperature of Wettest Quarter
BIO9 = Mean Temperature of Driest Quarter
BIO10 = Mean Temperature of Warmest Quarter
BIO11 = Mean Temperature of Coldest Quarter
BIO12 = Annual Precipitation
BIO13 = Precipitation of Wettest Month
BIO14 = Precipitation of Driest Month
BIO15 = Precipitation Seasonality (Coefficient of Variation)
BIO16 = Precipitation of Wettest Quarter
BIO17 = Precipitation of Driest Quarter
BIO18 = Precipitation of Warmest Quarter
BIO19 = Precipitation of Coldest Quarter

3

Sean Gallen (ETH-Zurich), Marin Clark (University of Michigan), and Nathan Niemi (University of Michigan).
https://sites.google.com/a/umich.edu/nepalearthquake/home
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Use of Climate Models to Predict Species Shifts – Advantages and Constraints
Correlative climate models have been used extensively to assess and predict responses of
species to climate change, but most commonly used climate models use coarse-scaled global or
regional datasets and are also too simplistic to represent all ecological and anthropogenic
variables that can influence climate trajectories, environmental conditions, local and
microclimatic variations, and other drivers of change to accurately predict future ecological

Figure 4. Slopes destabilized by the April 2015 earthquake. Data courtesy of Sean Gallen (ETH-Zurich), Marin Clark
(University of Michigan), and Nathan Niemi (University of Michigan).
https://sites.google.com/a/umich.edu/nepalearthquake/home
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scenarios (Pearson and Dawson 2003); this is especially relevant to Nepal with its complex
mountainous topography and extreme elevational change. While mechanistic or process-based
models that use ecophysiological and other biological information to assess the responses of
species to climate change can provide some triangulation to assess the outputs of correlative
models, the necessary information for most species is unavailable (Chmura et al. 2011). Despite
the shortcomings of species distributions model-based predictive outcomes do provide some
information and direction to assess the potential future risks and opportunities that allow
conservationists, managers, and practitioners to make better-informed decisions for proactive
adaptation strategies, including assisted migration for forest restoration (Aitken et al. 2008,
Gray et al. 2011, Pedlar et al. 2012, Williams and Dumroese 2013) by narrowing the scope of
the possible trajectories (Bellard et al. 2012, Parmesan et al. 2011, Pearson and Dawson 2003,
Pereira et al. 2010). In that sense they are useful, but model outputs have to be used along with
knowledge of natural history, ecophysiology, and other information that could affect the
persistence, growth, and status of the species, its habitats, and its scope for interspecific
interactions. Unfortunately, for most species the mechanistic information is lacking, and we
have to contend with what information is available to make decisions, and constant monitoring
that allow for adaptive management.
In this analysis of climate envelope modeling of species distributions we were constrained by
the lack of good, reliable, spatial presence/absence data for most species and their range
distributions, and had no other recourse but to associate the species to particular forest types
in which they are known to occur, and project the distribution of the forest type or types to
assess the future distribution of the species. Furthermore, very little information on the
ecophysiology of these species is available. We therefore had to triangulate the model output
with whatever information was available on microhabitat preferences, such as aspect, slope,
soil characteristics and proximity to water. Thus, while some of the species can be selected and
examined at an elevational scale for use in slope restoration projects based on the model
outputs, we strongly urge that any available ecophysiological and distribution information,
including expert knowledge, be used to triangulate the model outputs as we have strived to do
here when selecting species for reforestation.
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In a complex environment such as the Himalaya, the highly dissected landscape also presents a
myriad topographic variations that create a range of climates and micro-climates, both spatially
and temporally. This variation—decoupled from landscape-scale variation—also affects plant
survival and persistence. The climate envelope outputs from GCM-based climate envelopes are
too coarse to discern and reflect these micro-, and even meso-scale, variations, and also cannot

Figure 5. Climate resilient macro and microrefugia in forest vegetation of the CHAL (boundary shown within
red polygon). Map based on an analysis by Thapa et al. 2015.

capture climate extremes that can influence seedling survival. An analysis of climate resilience
using GCM-based models combined with terrain-based analysis has shown the presence of
scattered forest patches that would remain resilient to climate change (Thapa et al. 2015,
Figure 5). These include microrefugia along steep-sloped ravines, valleys, and north and
northwest-facing slopes where there may not be much change in the vegetation communities
in the future. Thus, restoration programs in these macro- and micro-refuge areas can choose
the current species assemblages.
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Results for selected tree species
Juniper, Juniperus spp. Pure juniper forests are localized to Manang district of the high Himal
zone (Figure 6), but trees are sparsely distributed in other subalpine areas. The A2A GHG
scenario indicates that juniper will shift upslope from the current distribution. If climate change
results in moister environmental conditions, juniper could move further northwards and
upslope. Because of its ability to colonize and grow on barren lands, juniper is used to reforest
high elevation areas of the Himalaya (Rawat and Everson 2002). Although the current or
projected range of juniper forest does not extend to the eastern regions of the CHAL with
slopes destabilized by the earthquake (Figure 6), this colonizing species can be considered for
planting and reforesting the higher slopes of Manang district, following appropriate ecological

Figure 6. Projected distribution of juniper in 2050 under the IPCC A2A GHG scenario.

assessments.
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East Himalayan fir (Abies spectabilis). Fir occurs as a dominant canopy tree species in some
areas, but also in mixed broadleaf forests, with rhododendron, birch (Betula), oak (Quercus
spp.), etc. For this analysis we assigned fir to several forest mixed types (Annex 1), including FirBirch-Rhododendron Forest and Fir-Oak-Rhododendron Forest from 2400 to 4400 m.4 In CHAL,
fir forests are distributed as a narrow, undulating band in the ecotone of the high mountain and
high Himal zones of Myagdi, lower Mustang and Manang, Kaski, Lamjung, northern Gorkha and
Dhading, and Rasuwa districts (Figure 7). The A2A IPCC GHG scenario predicts that fir will have a
wider distribution, extending its range both northwards into the High Himal and southwards

Figure 7. Projected distribution of fir in 2050 under the IPCC A2A GHG scenario.

from its current distribution, but limited to the high mountain zone (Figure 7). The range
extension includes areas where the slopes have been destabilized by the April 2015
earthquake. Studies from Langtang National Park already indicate an upward shift in the
distribution of fir, attributed to warming winter temperatures (Gaire et al. 2011), with high
4
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recruitment of saplings and stands with young age structures in the higher altitude edges of the
range (Gaire et al. 2011). Fir is sought after for construction and can be used to reforest
degraded slopes with sustainable extractive management, but its slow growth rate is a
drawback.5
Himalayan birch, Betula utilis. For this analysis we associated birch with the BirchRhododendron and Fir-Birch-Rhododendron forests (Annex 1). In the CHAL, the primary forest
type with birch, the Birch-Rhododendron Forest, occurs as a narrow band in the upper regions
of the high mountain zone in Kaski, Manang, Lamjung, Gorkha and Rasuwa districts (Figure 8).
Several of the catchment slopes in these districts have been identified as having high landslide
risk following the April 2015 earthquake. The A2A GHG projection predicts that the range
distribution of birch will extend further uphill along the catchment slopes, but not significantly
in latitudinal spatial extent. Since birch is a fast-growing species it can, however, be used to

Figure 8. Projected distribution of birch in 2050 under the IPCC A2A GHG scenario.
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reforest and stabilize degraded catchment slopes in areas surrounding the current distribution
area, especially in areas that are expected to become moister from pre-monsoon precipitation
(Liang et al. 2014).
Spruce, Picea smithiana. Spruce grows between 2200 and 3300 m on slopes that are partially
sheltered from the direct impacts of the monsoon; in the CHAL, spruce forests are restricted to
small areas of Manang and northern Gorkha districts, where they ascend along the dry valleys
of the high Himal zone. The A2A GHG projection indicates a local expansion of spruce within
these two districts, including in areas considered to be destabilized by the April 2015
earthquake (Figure 9).

Figure 9. Projected distribution of spruce in 2050 under the IPCC A2A GHG scenario.
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Blue pine, Pinus wallichiana. Blue pine usually grows between 1800 and 3600 m, and
occasionally ascends to elevations of 4400 m.6 In the CHAL, blue pine is found in Myagdi,
Rasuwa, lower parts of Mustang and Manang, and the northern areas of Gorkha districts

Figure 10. Projected distribution of blue pine in 2050 under the IPCC A2A GHG scenario.

(Figure 10). Several catchment slopes here are considered to have been destabilized due to the
April 2015 earthquake. The IPCC A2A GHG projection indicates that the range of blue pine could
extend further northwards into the High Himal zone along the Gandaki river valley in Mustang,
but also further south in Kaski, southern areas of Gorkha and Lamjung, parts of Dhading, and
along the Gandaki river valley in Parbat and Myagdi districts (Figure 10). Blue pine is relatively
cold tolerant, and can be used for afforestation in the high elevation areas, especially in areas
that are less moist.

6
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Himalayan Alder, Alnus nepalensis. This is a pioneer species that readily colonizes landslideaffected areas, degraded forests, abandoned agricultural areas, and areas otherwise disturbed,
but also occurs naturally as pure stands or in mixed forests (Sharma et al. 1998). Alder has a
wide elevation range distribution, growing from 500 to 3000 m in Nepal.7 In the CHAL, alder
forests are found as narrow bands along the rivers and ravines of Myagdi, Parbat, Gulmi,
Syanja, Tanahu, Kaski, and Lamjung districts in the middle and high mountain zones (Figure 11).
However, the IPCC A2A GHG climate projections indicate that the range distribution of alder
could extend much further away from the riverine areas in these districts (Figure 11). Because
alder is a fast-growing pioneer species, it could be used to reforest degraded slopes in these
districts, and because of its wide elevational distribution and climatic tolerance alder could be

Figure 11. Projected distribution of alder in 2050 under the IPCC A2A GHG scenario.
7
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used to rapidly stabilize degraded slopes, but then they could gradually become phased into
mixed stands through assisted reforestation or through natural succession.
Chilaune, Schima wallichii. The Schima-dominated forests lie below the oak forests, in the
subtropical and lower temperate forest zone between 1000-2000 m, especially in wetter areas
of south-facing slopes and moister north-facing slopes. In the CHAL, Schima-dominated forests
are in Arghakhanchi, Gulmi, Baglung, Parbat, Syangja, Palpa, Nawalparasi, Tanahu, and
southern parts of Kaski, Lamjung, and Gorkha districts (Figure 12). The A2A GHG projection
indicates that Schima will extend its range northwards in the high mountain zone and even
partially into the high Himal zone to include southern parts of Manang, most of Lamjung,
Gorkha, northern Dhading, and lower parts of Rasuwa districts, but will continue to survive in
most of its current range (Figure 12). The overall wetter, warmer conditions predicted due to
climate change could create growing conditions favorable to this species, which is already

Figure 12. Projected distribution of Schima in 2050 under the IPCC A2A GHG scenario.
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widely used in community forestry.8 The tree is used for fuelwood and fodder, while the shoots
have medicinal uses.
Castanopsis spp. There are three species of Castanopsis that grow in the middle mountain
zone: C. hystrix from approximately 1000 to 2500 m, C. indica from 1200 to 2900, and C.
tribuloides from 450 to 2300 m. Castanopsis was associated with the Castanopsis-Laurel and
Schima-Castanopsis forests (Annex 1) in Gulmi, Arghakhanchi, Palpa, Baglung, Parbat, Syangja
and Tanahu districts, the lower parts of Lamjung and Gorkha districts, and upper areas of
Dhading district. Under the IPCC A2A GHG projection the distribution within the current range
will become patchy, with a slight northward shift, especially in Lamjung, Kaski, Myagdi, and
Manang districts (Figure 13).

Figure 13. Projected distribution of Castanopsis in 2050 under the IPCC A2A GHG scenario.
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C. tribuloides is the most widely distributed species of Castanopsis in Nepal.9 It has a wide
elevation range, being common in the high elevation Hill Sal forests and in association with the
Schima forests and temperate forests dominated with laurels and oak. It grows on a variety of
soil types and tolerates a wide precipitation regime, indicative of generalist ecophysiological
parameters with high climate resilience.
C. indica has a narrower elevation range than C. tribuloides, and grows in the temperate
broadleaf forest zone. It is more common in areas with high rainfall. It could be used in
reforestation programs, especially in the northern regions which could receive more rainfall
under climate change scenarios. Field trials in nurseries have shown promising regeneration
and survival results, indicating that seedlings can be grown for forestry programs. 10
C. hystrix grows in eastern Nepal, and its range does not extend to the CHAL.11 Within its range
in Nepal, it grows in association with C. tribuloides and oak (Q. lamellosa).
Oak, Quercus spp. There are six species of oak (Quercus) that grow in the middle and high
mountain zones: Q. floribunda from 2100 to 2700 m, Q. semicarpifolia from 1700 to 3800 m, Q.
lanata from 1750 to 2400 m, Q. leucotrichophora from 1650 to 2400 m, Q. lamellosa from 1600
to 2800 m, and Q. glauca from 450 to 3100 m. The oaks were associated with a number of
temperate broadleaf and mixed broadleaf forest types, especially the Temperate Mountain Oak
Forest and Lower Temperate Oak Forest (Annex 2). In the CHAL these species are distributed in
the middle and high mountain zones, with the Lower Temperate Oak Forests extending down
to the former (Figure 14) and the high mountain oak-dominated forests above (Figure 15),
distributed as a narrow, undulating band across Baglung, Myagdi, Kaski, Lamjung, Gorkha,
northern Dhading and Rasuwa districts, just below the band of fir forests.
Q. floribunda grows best on damp, north-facing slopes and in association with Q.
leucotrichophora and Q. lanata forest.12 The species is very rare on the eastern side of the Kali
Gandaki River and absent from eastern Nepal. The timber is used for construction. Growth is
slow.

9

http://www.forestrynepal.org/resources/trees/castanopsis-tribuloides
http://www.forestrynepal.org/resources/trees/castanopsis-indica
11
http://www.forestrynepal.org/resources/trees/castanopsis-hystrix
12
http://www.forestrynepal.org/resources/trees/quercus-floribunda
10

39

Figure 14. Projected distribution of Lower Temperate Oak Forests in 2050 under the IPCC A2A GHG
scenario.

Q. semicarpifolia is dominant in the warmer, drier, south-facing slopes of upper temperate
forests between 2400 and 3000 m, but it is found in a wider elevation range, from 1700 to
3800m.13 The species usually does not grow on moister, north-facing slopes or areas with high
rainfall (e.g., areas north of Pokhara).14 Seedlings are considered to be frost-resistant. The tree
is valued as a construction timber, but also used as fuelwood and charcoal production. The
leaves are used for dry season fodder.

13
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Q. lanata is confined to the dry, south-facing slopes in central Nepal and is usually absent from
areas with high rainfall.15 It is sympatric with Q. leucotrichophora and, in the upper range, with
Q. floribunda.
Q. leucotrichophora grows in a belt between 1650 to 2400m, and is usually associated with Q.
lanata, but is rare east of the Kali Gandaki River.16 The species is considered to be sensitive to
fire and browsing.
Q. lamellose grows between 1600 and 2800 m, in areas of high rainfall and on moister north
and northwest-facing slopes.17 In the lower elevation range, this species is associated with
Litsea, Cinnamomum, Machilus, Lindera, etc. in the Oak-Laurel forests.
Q. glauca has the widest elevation range (450 to 3100 m) of all oaks in Nepal. The species does
best on the moister north-facing slopes, and grows in deep, shaded ravines. In its lower
elevation range, the species is associated with Schima and Castanopsis.

15
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The projection of the IPCC A2A GHG scenario indicates that the distribution of oaks will extend
both northwards and southwards (Figures 14, 15), including into the High Himal physiographic
zone, spreading along the river valleys in Gorkha and Manang districts, and along the Kali
Gandaki River to the southern parts of Mustang district. In Kaski district, the oak will move
southwards.
Closer examination of the suite of oak species indicates differences in their habitats, with some
species growing better in drier, south-facing slopes and others in moister north-facing slopes.
The different elevation ranges also indicate differences in tolerance thresholds for temperature
regimes. These ecophysiological differences among species may explain the northward and
southward expansion of the oaks indicated in the climate model output.

Figure 15. Projected distribution of Upper Temperate Oak Forests in 2050 under the IPCC A2A GHG
scenario.
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Climate models for other areas suggest that high elevation oaks such as Q. semicarpifolia which
currently dominate temperate forests in the mid- to upper elevations, may become isolated in
high peaks (Sapkota et al. 2009). However, this study indicates that the montane oaks may
survive along the lower slopes of catchments, but within the narrow elevation band in the
upper temperate region. A study of Q. floribunda has shown that the species consists of several
populations with different ecophysiological characteristics that adapt the species to survive
different environmental conditions of drought and precipitation (Singh et al. 2010). Other
studies suggest that seed maturity of Q. ﬂoribunda and Q. semicarpifolia, now closely tied to
the timing of monsoon rainfall, could become asynchronous, affecting germination and seedling
recruitment and survival (Singh et al. 2010). Overexploitation of slow growing oaks for
fuelwood and fodder can also affect seed production and recruitment; thus, sustainable
management will be necessary to enable forest restoration and growth of these forests
(Hussain et al. 2008). In northern Gorkha, Lamjung, Dhading, southwest Manang, and Rasuwa
districts oaks can be used to reforest degraded or destabilized slopes. However, the choice of
species should consider the habitat preferences of the different species, and their
ecophysiological adaptive capacities to emerging climatic conditions based on environmental
tolerance thresholds and responses to human disturbances.
Chir pine, Pinus roxburghii. Chir pine has an extensive range distribution, from Afghanistan to
Arunachal Pradesh, as well as a wide elevation distribution, from 450 to 2300 m (Roy et al.
2004). But chir pine usually grows in the sub-tropical belt, on the drier south and southeastfacing slopes. The species cannot usually compete with broadleaved trees in wetter areas,
including south-facing slopes,18 which may explain the absence from the central regions of the
CHAL in the wetter part of the Gandaki basin. In CHAL, chir pine forests are generally found
along the peripheral areas, in the eastern and western districts; i.e., Gulmi, northern Chitwan
district, Dhading, Nuwakot, and small areas of Gorkha and Rasuwa districts (Figure 16).
Chir pine can occur in association with broadleaf forests (chir pine-Broad Leaved Forest) or as
pure stands. The current distribution is largely within the middle mountain physiographic zone,
although mono-stands of Chir Pine Forests extend to the high mountain zone in the eastern
districts, along the river valleys. The IPCC A2A GHG projection does not indicate a significant
change in the range distribution within the CHAL, except in Gulmi and Baglung districts (Figure
16).
Chir pine can tolerate poor soil conditions but does not grow well on badly drained soils. The
pure stands in drier sites are considered to be climax communities. The absence of an
undergrowth is considered to encourage erosion, especially on steep slopes; therefore, forestry
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projects, especially on steep slopes, should encourage colonization, regeneration, and
emergence of other tree and shrub species.19

Figure 16. Projected distribution of chir pine in 2050 under the IPCC A2A GHG scenario.

Tejpat, Cinnamomum tamala. Tejpat is a relatively common tree widespread in the subtropical
and lower temperate forests of the lower middle mountains, Churia/Siwalik and the Terai,
between 500 and 2200 m. It is associated with several forest types: i.e., Lower Tropical Sal and
Mixed Broadleaf Forest, Hill Sal Forest, Chir Pine-Broad Leaved Forest, and Upper Tropical
Riverine Forest (Annex 1). In the CHAL its current distribution includes the moist, shaded slopes
and ravine areas of Nawalparasi, Chitwan, Makwanpur, Tanahu, Dhading, and the lower areas
19
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of Gorkha and Nuwakot districts, and along the river valleys in Gulmi, Syangja, and Parbat
districts (Figure 17). The climate projection indicates that by 2050, the range will extend over
large areas of Tanahu, Syangja and Nuwakot districts, where it could move upslope in the
middle mountain zone (Figure 17).

Figure 17. Projected distribution of Cinnamomum tamala in 2050 under the IPCC A2A GHG scenario.

Emblica officinalis. A lowland species associated with the Lower Tropical Sal and Mixed Broad
Leaved Forest, and Riverine Khair-Sissoo Forest in the Terai and Churia, this species is confined
to elevations below 1000 m. In the CHAL, the species grows in Nawalparasi, Chitwan, and
southern areas of Makwanpur districts, and does not indicate significant northward range shifts
under the IPCC A2A GHG projection, but does indicate southward shifts (Figure 18).
45

Figure 18. Projected distribution of Emblica in 2050 under the IPCC A2A GHG scenario.

Sal, Shorea robusta. Sal is widespread in the subtropical and tropical Terai and Churia zones,
except where rainfall is very high, and penetrates into the middle mountain regions along river
valleys, where it has even been (albeit rarely) recorded at about 1,500 m.20 Sal prefers climatic
conditions with 1,000 to 2,000 mm of annual precipitation and a dry season of less than 4
20
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months (Tewari 1995). The species is associated with Hill Sal Forest and the Lower Tropical Sal
and Mixed Broadleaf Forest (Annex 1). It can grow on a range of soil types, except in sandy or
gravelly soils and waterlogged areas along rivers and flood plains where it is replaced by
Dalbergia sissoo and Acacia catechu. In the CHAL, the Hill Sal forests occur along the Churia hills
in Palpa, Nawalparasi and Makwanpur districts, and along the lower slopes of major river
valleys in Gulmi, Parbat, Syangja, Tanahu, Chitwan, Makwanpur, and into the southern parts of
Lamjung, Gorkha, and Dhading districts (Figure 19). Under the IPCC A2A GHG scenario, the Hill
Sal forests will move further northwards and upslope into the middle mountain zone along the

Figure 19. Projected distribution of Sal in 2050 under the IPCC A2A GHG scenario.

river valleys and upslope within the Churia. Seedlings will tolerate occasional light frost.21 Thus,
reforestation of higher slopes in catchments, including along the Churia, can include Sal, along
slopes with <2,000 mm of rainfall and no frost.
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The forest types (Hill Sal Forest, Lower Tropical Sal and Mixed Broadleaf Forest) that support Sal
also include several other trees species that were identified as being important for forest
restoration in climate change-integrated programs. The climate model was not applied to these
individual species that are sympatric with Sal, since the model should also predict similar range
shifts. However, the adaptive capacity of these species could show some differences based on
their ecophysiological characteristics that will reflect their response to climate change, but
cannot be predicted by GCM models.
Karma, Adina cordifolia. The species is sympatric with Sal in the forests of the Terai and Churia,
but the elevational range distribution is only up to about 800 m; thus, the upslope range
extension in response to climate change may be more limited than Sal. The wind dispersed
seeds are carried long distances and germinate with early rains, including on bare ground in
areas of landslides and abandoned agricultural areas.22 Thus, natural colonization and
regeneration could be encouraged in areas to which the species is adapted, especially in
degraded Churia slopes.
Jamun, Syzygium cumini. This species is sympatric with Sal in both the Terai and Churia. It
grows on clay-loam soils, but will also grow on sandy alluvial soils or swampy areas, especially
along watercourses, and is therefore more tolerant of wetter environmental conditions than
Sal.23 The tree is also shade-tolerant.
Saj, Terminalia alata. The species is associated with the same forests that support Sal, but
grows better on deep, alluvial soils around swampy areas.24 The elevation range (~200 to 1,400
m) is similar to Sal; thus the spatial shift in response to climate change scenarios can be similar,
except that Saj will likely do better on wetter, less well drained soils.
Siris, Albizia lebbeck. This species is associated with the Hill Sal Forest and the Lower Tropical
Sal and Mixed Broadleaf Forest. Although it is distributed up to about 1200 m, Siris is more
common in the lower elevations.25 It will also grow along rivers in the Dalbergia sissoo-Acacia
catechu forests. The macro-scale spatial expansion of Siris in response to climate change could
be similar to Sal. Because of its colonizing abilities, the species can be used to restore degraded
soils.26
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Simal, Bombax ceiba. Simal was associated with the Hill Sal Forest, and the Lower Tropical Sal
and Mixed Broadleaf Forest (Annex 1). It usually grows in the Terai, and does extend to higher
elevations. It grows best in well-drained soils. The range shift due to climate change scenarios
would likely be similar to Sal. Although seedlings are susceptible to fire, once the tree is
established it is relatively unaffected by fire.27
Kadam, Anthocephalus cadamba. Kadam grows up to about 1,000 m on deep alluvial soils28 in
the Hill Sal Forest, and the Lower Tropical Sal and Mixed Broadleaf Forest. The young trees are
sensitive to drought.
Satisal, Dalbergia latifolia. Satisal grows from the Terai region to about 1,000 m, in association
with Sal, but also with Dalbergia sissoo.29 Satisal grows in a variety of soil types but prefers
deep, loamy soils with good drainage in the Terai and Bhabar regions. It is less tolerant of frost
than D. sissoo, and is therefore not suitable for planting in areas with regular frost. Satisal can
survive ground fires, but not crown fires. In India it has been used to reforest degraded lands,
but the seedlings are susceptible to drought. In Nepal the species is considered to be
threatened; the timber is highly valued to make furniture. Thus, Satisal can used to reforest
degraded areas in sustainable forestry enterprises to meet timber demand. Seedlings can be
raised in nurseries until they are about three months old, prior to planting in mixed plantations
with Sal, including in areas where Sal is projected to grow under climate change scenarios.
Botdhagero, Lagerstroemia parviflora. This species grows in association with Sal. Its spatial
response to climate change could be similar to Sal.
Bijaysal, Pterocarpus marsupium. Bijaysal is a protected species in Nepal, and is a climax forest
associate of Sal and Saj (Terminalia alata). Therefore, Bijaysal can be expected to respond in a
similar way as Sal to climate change. The species prefers well-drained sandy soils, but grows on
red-loam soils, and can be used to reforest degraded areas, especially on the Churia slopes and
Bhabar areas. However, Bijaysal is relatively slow growing, and takes over 60 years to mature.
The percentage of seed germination is low, but roots and shoots can be propagated in
nurseries. Bijaysal has medicinal values and is used to treat several illnesses and diseases; it is
also used for fodder and making wooden utensils. Since Bijaysal is a climax associate of Sal it
can be planted in mixed plantations with Sal and Satisal, including in areas where Sal is
projected to grow under climate change scenarios.
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Tooni, Toona ciliata. The tree grows from the Terai region to about 1,700 m. It prefers riverine
forests and moister areas with well-drained, deep soils.30 Seedlings are considered to be frost
tolerant. If climate change results in increased precipitation and moist areas the range
distribution could move upslope.
Harro, Terminalia chebula. The species is sympatric with Sal. It grows from the Terai to about
1,100 m,31 and will likely respond to climate change in a similar way to Sal and other sympatric
Terminalia species.
Barro. Terminalia bellirica. The species is sympatric with Sal, and is widely distributed from the
Terai to about 1,100 m. Its response to climate change will likely be similar to Sal.

Discussion
Climate change and vulnerability of mountain forest ecosystems
Mountain ecosystems are highly vulnerable to climate change (Beniston 2003). The wide range
of climatic and micro-climatic conditions created by the complex, interacting physiographic,
ecological, behavioral, and edaphic characteristics influence forest communities, including the
composition of the species assemblages (Brown and Vellend 2014, Chen et al. 2011, Ettinger
and HilleRislambers 2013). Individual species will respond differently to changing
environmental conditions depending on their respective ecophysiological characteristics. For
instance, generalist plant species may be able to survive in situ, but specialist plant species with
narrower tolerance levels may exhibit range shifts along climate corridors. If they are unable to
shift, the plant species could lose the ability to compete with other species, or there could be
temporal or spatial loss of vital ecological links between tree species and closely-interacting
fruit or seed dispersers or pollinators, resulting in eventual local (and in some cases complete)
extinctions (Cahill et al. 2012, Chen et al. 2011, Parmesan 2006). Some species could also
become physiologically weak because of changing environmental conditions, with heightened
susceptibility to infectious diseases, parasites, and pests that cause widespread mortality within
a few years (Aitken et al. 2008, Hicke et al. 2006).
Climate corridors can facilitate shifts to suitable climate refugia. But, because of the complex
topography species shifts will have to navigate climate corridors that wend their way along river
valleys, slopes and aspects that present suitable climatic conditions. The landscape matrix of
anthropogenic land-use makes planning climate corridors even more difficult. Moreover, range
shifts among long-lived tree species into environmentally suitable areas will require long time
periods causing the species shifts to lag behind climate change, which is now occurring at an
30
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accelerated pace (Bertrand et al. 2011, Duveneck and Scheller 2015, IPCC 2007). This will be
particularly serious for slow-maturing tree species with short seed dispersal distances.
Therefore, it is important that existing climate resilient forests are secured now, along with any
forests that provide connectivity as climate corridors to potential refugia.
Forests, climate vulnerability, resilience, and adaptation in the Nepal Himalaya
Similar to montane areas elsewhere in the world, Himalayan ecosystems are very vulnerable to
climate change (Gaire et al. 2014, Xu et al. 2009). Extreme weather events are predicted to
happen more frequently due to climate change, and with greater intensity, affecting floral
communities (Rai et al. 2012). In Nepal, many forests, including those on steep-sloped
mountain areas, have been extensively converted for various land uses, from agriculture to
settlements and other infrastructure (Chaudhary 2000). Many remaining forests are also under
threat of unrelenting conversion, degradation from overuse, and fragmentation as roads and
other infrastructure dissect and divide them into smaller patches.
Forest cover plays a very important role in stabilizing steep slopes; thus forest loss and
degradation—including for agriculture—can remove the stabilizing effect from the deep-rooted
trees, exacerbating erosion, increasing landslide threats, and permitting rapid runoff of water
down destabilized slopes (Sidle et al. 2006). The consequences of slope deforestation will also
be manifested downstream as extreme flood events during the monsoon months or dry rivers
during the dry season (Garcia-Ruiz 2008, Nepal et al. 2014). Since climate change is expected to
result in more intense monsoon rainfall interspersed with longer periods of hotter, drier
conditions, these climatic changes can act in synergy with local anthropogenic impacts to create
feedback loops that intensify ecosystem degradation and its consequences on natural and
human systems. For example, the hotter, drier conditions will dry the exposed soils on denuded
slopes and make them more prone to erosion, especially during the heavy monsoon rainfall
periods that will follow. The sediment loads and landslides will block rivers and cause flash
floods, putting lives and property at greater risk. Accelerated sediment deposition downstream
will affect aquatic systems, agriculture, water supplies and infrastructure. As the resource base
shrinks, the pressure on the already-stressed forest ecosystems will likely mount as people
continue to exploit resources, creating negative feedback loops. Thus, continued unsustainable
exploitation of forests would exacerbate the effects of climate change and increase disaster risk
for ecological and human communities.
Intact ecosystems are more resilient to climate change and climatic extremes than degraded
ecosystems (Isbell et al. 2015, Thompson et al. 2009). One recommendation of a recent climate
vulnerability assessment of the CHAL is to conserve and reforest denuded and degraded
mountain forests to reduce climate vulnerability (WWF 2016). Studies have shown that deep
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root systems help to bind soils, and slopes that lack forest cover are relatively more prone to
erosion and landslides (Sidle et al. 2006). Reforestation will, therefore, help to stabilize
denuded slopes, especially in areas affected by severe geological events such as earthquakes, to
make them less prone to subsequent shallow landslide activity (Saba et al. 2010,
https://sites.google.com/a/umich.edu/nepalearthquake/landslide-maps).
Ecosystem degradation also contributes to loss of important ecosystem services such as natural
resource provision, water supplies, and crop pollination that support that support human
communities and their well-being. Thus, ecological restoration is widely applied to reverse
anthropogenic environmental degradation and increase biodiversity and as well as ecosystem
services, although the level of diversity in restored areas will be somewhat below that of intact
ecosystems (Benayas et al. 2009). Therefore, while avoiding degradation of intact forest
systems is obviously a better strategy to pursue, increasing biodiversity in plantations, and in
naturally regenerated or semi-natural forests can increase resilience, and even carbon storage
capacity (Thompson et al. 2009). Such restoration programs should strive to emulate natural
forests through analogue forestry (Senanayake and Jack 1998), using multiple species to
increase both response and functional diversity within the ecosystem. Analog forestry
techniques include planting tree and plant species that will act as ‘ecological analogues’ that
can take the place of species that would naturally occur in the ecosystem; in the case of climate
change adaptive reforestation, these could include species that would be expected to grow in a
particular forest in the future, and will eventually act as an ecological replacement—or
analogue—in the forest ecosystem.
This is consistent with ‘assisted migration’, where tree species that are expected to exhibit
range shifts in response to climate change can be planted in their potential future habitats, as a
strategy for climate change-integrated forest management to maintain forest cover and
ecosystem services (Marris 2009, Pedlar et al. 2012, Williams and Dumroese 2013). Assisted
migration is especially useful in highly fragmented landscapes where potential climate corridors
are difficult to define in a human-dominated landscape matrix. Even with the presence of
climate corridors, range shifts among long-lived tree species into environmentally suitable
areas will require long time periods causing the species shifts to lag behind climate change,
which is now occurring at an accelerated pace (Bertrand et al. 2011, Duveneck and Scheller
2015, IPCC 2007). These species could thus benefit from assisted migration. Analyses such as
this can help to select species for assisted migration by providing predictive information about
species range shifts based on climate change projections.
Any decisions to undertake assisted migration should be based on a thorough risk assessment
to ensure that these species will not become dominant in the new area through allelopathic
suppression or outcompeting species already present there. The level of ecological risk is
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thought to vary with distance that a species is moved (in the case of Nepal, altitudinal
difference will be an important factor). A species may be moved within its existing range
(assisted population migration); to suitable areas just outside its existing range (assisted range
expansion); or to locations far outside the current range (assisted species migration); the latter
carries the highest risk (Williams and Dumroese 2013).
Forest restoration should prioritize strategic areas that are most ecologically sensitive, that will
help to improve ecosystem process and services, and that contribute towards sustainable
socioeconomic development solutions (Benayas et al. 2009). In a landscape or basin-wide
spatial context, the diversity of the mosaic comprised of intact, restored, and sustainable-use
forests will also increase resilience through multiple redundant and reinforcing ecological
processes (Elmqvist et al. 2003, Peterson et al. 1998). Thus, reforestation or afforestation
programs should consider future climate scenarios when choosing species for reforestation to
reduce vulnerability and help with adaptation. While some species used for restoration should
include those currently in situ within the elevation zone or in the particular habitat, these can
be mixed with other species that would be expected to grow there in the future under climate
change scenarios. Recommendations for this are drawn from this analysis and presented at the
end of the report.
Tree species distributions, climate change, and selection of tree species for forest restoration
in the CHAL
The climate models indicate that several species could exhibit range shifts due to climate
change. The overall trend is for tree species in the lowlands to move further northwards or
upslope. Among the lowland species, Sal could move along the river valleys, across to the
northern side of the Churia range and up the surrounding slopes (Figure 19). A species
distribution model of Sal in India has also indicated that it will exhibit a northern and eastern
range shift, following moister environmental conditions, and disappearing from areas that
become drier (Chitale and Behera 2012). Thus, if the Terai region of Nepal becomes drier or
wetter Sal may not be able to survive in the lowland, since the species does not do well in
extremely dry or waterlogged soils. Climate projections indicate that the likely scenario is of a
wetter Terai region, with a 15-20% increase in monsoon precipitation, although rainfall can be
variable (Nepal Climate Vulnerability Study Team (NCVST) 2009, Organization for Economic
Cooperation and Development (OECD) 2003). Thus, selection of tree species for reforestation in
the Terai should consider Sal associates that are more tolerant of moister, water-logged soils
such as Saj (Terminalia alata) and Siris (Albizia lebbeck), instead of Sal and other associates
including Bijaysal and Satisal.
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Cinnamomum tamala, which is widespread and already present in the middle mountain region,
does not show much more substantial northward movement; instead there could be movement
up slopes of the catchments within the current distribution range (Figure 17). Emblica, which is
largely confined to the Terai and inner Dun valleys does not show any range shifts, either
northwards or upslope within the current range (Figure 18). The species is likely intolerant of
mountain conditions and can be used for reforestation only in the lowlands.
In the middle mountain region, Schima f is a common tree species that occurs above
Cinnamomum tamala, which is usually found in the lower slopes of the deeper river valleys. The
climate change projection shows a substantial northward shift of Schima, including into
northern Gorkha district and Manang district. Studies have shown that Schima wallichii is
already showing a northward movement in the Kanchenjunga area of eastern Nepal (Chaudhary
et al. 2011). In general, the stable Himalayan hillsides between 1,000 and 2,000 m are
dominated by Schima wallichii, while the wetter slopes where landslides have occurred are
colonized by regenerating Alnus nepalensis (Bhattarai and Vetaas 2003, Carpenter 2005). Both
Gorkha and Manang districts contain several steep slopes that have been destabilized by the
April 2015 earthquake, and Schima can be considered for inclusion in a community of tree
species that can be used to reforest degraded slopes or afforest destabilized or unstable slopes.
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Both Castanopsis tribuloides and C. indica are found mixed with Schima. But unlike Schima, the
climate change projections indicate that the distribution of Castanopsis spp. in the CHAL will
become more fragmented. Restoration with Castanopsis should be done on slopes within the
current range. However, future rainfall patterns could determine where Castanopsis spp. will
grow.

Figure 20. Potential distribution of blue pine and chir pine by 2050.

Chir pine grows in the middle mountain zone, along the drier eastern and western flanks of the
CHAL, but also extends into the high mountain zone along the river valleys (Figure 16). Although
chir pine shows some local range shift and expansions, most sub-basins of the landscape do not
seem favorable for chir pine under climate change scenarios. The northern areas of Dhading
and Rasuwa districts, which have several highly destabilized slopes from the earthquake, are
within the range of habitat shift of chir pine, which could be considered a restoration species,
especially since the blue pine in the temperate upper mountains does not seem to expand its
range into these areas under the climate change scenarios (Figure 10). Instead, blue pine is
projected to extend its range into Mustang district, along the Kali Gandaki River, and into
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Tanahu district along the Seti River. Under the climate scenario, blue pine could potentially
grow in smaller patches both to the south and north of the present areas (Figure 10). In the
northeastern districts the extended range will be to the north of the range extension expected
from chir pine; thus restoration or planting in these districts should consider chir pine along the
river valleys and blue pine further north and in the upper slopes (Figure 20).
The climate model also predicts that the oaks in the upper temperate forests will extend their

Figure 21. Projected distribution of oaks and chir pine in 2050.

range distributions under climate change (Figures 14, 15), including southward shifts from the
current range. Although slow growing, the montane oaks are valuable trees that can be planted
in the upper slopes of the catchments, along with faster growing trees, for long-term
reforestation. In the Kumaon region of northwestern India, the range expansion of the faster
growing chir pine is considered to pose a serious threat to native oaks, Q. leucotrichophora and
Q. floribunda, since chir pine retards the growth of oaks (Hussain et al. 2008). But our range
shift projections suggest that the expansion of chir pine into the northern areas of the CHAL will
be confined to the lower slopes, along the river valleys, while the oaks will occupy the mid and
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higher slopes (Figure 21). However, there are six species of oaks with different ecophysiological
characteristics and elevation ranges (Annex 1) that have to be considered in climate changeintegrated forest restoration programs.
In the high mountain zone, birch, fir, and rhododendron grow up to the treeline ecotone with
the alpine habitat (Gaire et al. 2014), usually with most of the birch and fir on north-facing
slopes and the rhododendron (R. arboretum) on south-facing slopes, together with oak (Q.
semicarpifolia) (Rai et al. 2012). Under the climate change scenario, fir, birch, and
rhododendron will become more widespread, expanding north from the current distribution
band. These tree species can be used to reforest, restore, and stabilize the steep slopes—
especially affected by the earthquake—in the northeastern districts of CHAL.
Growth of birch is usually limited by pre-monsoon moisture stress (Gaire et al. 2014, Liang et al.
2014), but as a pioneer species it can be used to reforest degraded moist slopes. However, the
unpredictability of monsoon and pre-monsoon rain due to climate change could retard growth.
Fir can also be used to regenerate the upper slopes, bearing in mind that growth and
regeneration of fir is related to maximum and minimum temperatures, rather than average
temperatures (Gaire et al. 2014).
Spruce forests are localized in the CHAL subalpine zone, but the species could extend its range
to include the northern areas of Manang and Gorkha districts, including the destabilized slopes
of these districts (Figure 9). Studies from the western Himalaya in India indicate that since 2008
Spruce has been subjected to infections, possibly as a result of becoming physiologically weaker
and vulnerable from increasing winter temperatures, decreasing summer temperatures, and
more rainfall (Uniyal and Uniyal 2009). Thus, selection of spruce for reforestation should
consider its relatively narrow ecophysiological tolerances.
Climate Change and REDD+
In light of Nepal’s high vulnerability to climate change, the Government has pledged to
implement climate change mitigation and adaptation programs (MoE 2010, 2011; Ministry of
Population and Environment (MoPE) 2016). In keeping with the policy of sustainable forest
management and protection, Nepal has recognized and accepted REDD+ as a feasible strategy
for climate change mitigation. It has already prepared a REDD+ Readiness Preparation proposal
to qualify for eligibility with the FCPF, and a national REDD+ Strategy and Implementation Plan
(MoFSC 2015).
Nepal also regards REDD+ as a strategy for scientific forest conservation, restoration, and
management, especially of encroached forestlands, and for expanding community based forest
management to achieve REDD+ goals (MoFSC 2015). The proposed first objective of the REDD+
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program is “To reduce carbon emissions by intensifying sustainable management of forest
resources and minimizing the effects of drivers of deforestation and forest degradation across
the ecological regions”, designed to increase forest productivity and maintain the integrity of
ecological systems through sustainable forest management and conservation. The proposed
first strategy (S1) is to “Enhance carbon stocks, increase supply of forest products, and reduce
carbon emissions through sustainable management of forests, land rehabilitation, shrubland
management, and by addressing DD32 in all management regimes”, while the proposed second
strategy (S2) is to “Promote adaptive ecosystem-based approaches and integrated watershed
management to conserve biodiversity and enhance the integrity of ecological systems across
the landscapes.” The categories of forests recommended for the REDD+ portfolio include all
government managed forests, protection forests, community forests, collaborative forests,
national parks, wildlife reserves, conservation areas, and protected areas buffer zones.
Leasehold forests, religious forests and public and private land forests will be considered later.
Taken together, the two proposed strategies (S1 and S2) and the forest portfolio reflect forest
conservation and sustainable management under REDD+ that will strive to maintain ecosystem
processes and services and the biological diversity of the forests, and not just attempt to
maximize carbon stocks.
Thus, it is proposed that under the REDD+ program, the forests will be managed as diverse
natural or semi-natural forests, rather than as monocultures, or plantations with little diversity.
Because diversity increases resilience against drivers of ecological change, including climate
change, maintaining diversity is a wise strategy, even though it may not maximize carbon
sequestration and benefits from carbon credits because some species may sequester less
carbon than others. Because of the long-term outlook and proposed goals of REDD+-related
forest restoration programs and as part of the science-based approach, selection of tree species
for restoration should consider the impacts of climate change on the survival of some tree
species, and select species taking into consideration the outputs of analyses such as this.
Climate change and tree species genetics
Assisted migration will be more successful if transplanted seedlings are genetically suitable for
the new conditions. Generally, seeds and seedlings should be from provenances where current
conditions are like those projected for the new area; transplanting should not be done too
soon, or the species may not survive if conditions are still too harsh (Williams and Dumroese
2013).

32
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Climate change will exert strong selection pressure on tree species as local conditions change.
Individual trees with genetic characteristics that are better suited to the changing conditions
are likely to be more successful in survival, seed production and dispersal, and reproduction. At
the same time it will be important to try to maintain a wide genetic base for each species, to
enable natural and assisted migration to areas with different conditions; and also to enable the
species to adapt back to previous conditions, if and when anthropogenic climate change is
halted and reversed. This should be taken into account when planning assisted migration.

Recommendations
Nepal’s steep mountain slopes have been extensively degraded from centuries of
anthropogenic forest conversion and clearing, but the intensity of use has accelerated during
the past half-century. Community re-engagement and stewardship in forest management over
the last few decades are now helping significantly to restore forest cover, especially in the
middle mountains. However, global climate change is now beginning to change forests. Thus,
forest management and restoration strategies should consider the impacts of climate. Analyses
such as this, while not perfect, can help to make informed decisions about long-term forest
restoration programs that integrate climate change, instead of ad hoc forest restoration
programs. In this context, we present the following recommendations for consideration in
these decisions:
Selecting tree species for planting
•

•

•

Select from species already at or near a site: Identify any species among those already
growing in or near a site that will likely be well adapted to future climatic conditions at the
site, and hence survive there.
Consider assisted migration: Review species growing in other places where current climate
and other conditions are similar to those projected for the site in the future (e.g. at a lower
altitude or in a warmer place) – BUT take care to avoid introducing species that could
become dominant by suppressing or outcompeting species already present in the site.
Thorough background research should be done to check that the species being introduced
into the forest community will not have any negative impacts on the existing species and
species interactions.
Maintain diversity and ecological functions: Adopt analog forestry practices when selecting
species, so that the forest community mimics natural forests in diversity and functions, but
consists of climate adapted species that could grow there in the next several decades and
that can also meet management objectives (e.g. slope stabilization, livelihood-related
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•

•
•

•

benefits, timber production and/or carbon storage) while increasing ecological diversity and
resilience.
Consider species susceptibility to fire: take fire resistance/susceptibility of tree species into
account in decisions about which species to plant, since uncontrolled forest fires are likely
to increase in intensity and extent in the future during dry years.
Consider genetic aspects: Consider provenance of tree seeds when undertaking assisted
migration, matching conditions in area of origin with projected conditions in the new area.
Pay special attention to threatened tree species: For threatened tree species such as
Langtang larch (Larix himalaica), champ, bijaysal and satisal, establish new populations in
areas where climate is projected to become suitable in the future, and ensure replication of
stands, as part of their species conservation plans.
Triangulate with different information sources: Triangulate results from macro-scale
climate envelope modeling with ecophysiological characteristics of the individual species
(e.g. germination, establishment, growth and flowering under projected future site
conditions), data on locations of microclimate refugia, and local knowledge of species and
site conditions, to ensure species selection is based on the best available information.

Improving knowledge for species selection decisions
•

•
•

Study species distribution: Conduct studies of species distributions (both presence and
absence) to create a biological and biogeographic knowledge base of species to improve
predictive analyses; collect and collate existing knowledge, including indigenous knowledge;
and monitor changes in distribution over time to learn how species are shifting.
Undertake monitoring: Monitor forests for changes in species survival, growth, phenology,
recruitment and fire damage to inform adaptive forestry practices.
Watch for changes in pest and disease occurrence: Be particularly vigilant for increase in
pests and diseases of tree species, which may be an indication of climate stress; if this
becomes serious, consider dropping affected tree species from forest management
programs rather than making investments to maintain them.

Climate-smart sylviculture practices
•

Practice phytosanitary precautions: Take phytosanitary measures to avoid accelerating the
spread of pests, diseases and invasive plant species during tree planting.

Supporting resilience of forests and tree species through management practices
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•

•

•
•

•
•

Restore/maintain climate corridors: Identify and maintain/restore forest climate corridors
along altitudinal and climate gradients to enable range shifts in tree species to occur
through natural processes.
Avoid forest fragmentation and degradation: Avoid fragmentation and degradation of
forests by reducing non-climate threats, including road development through forests which
enables entry of invasive species/diseases and restricts dispersal of less mobile native
species.
Maintain and restore large blocks of forest: maintain/restore large blocks of forest in
healthy condition to ensure high species diversity for resilience.
Manage old-growth forests: Avoid conversion of old-growth natural forests as they tend to
be more resilient to climate change; only practice low intensity forest management there
(Noss 2001).
Protect climate refugia: protect micro-refugia (e.g. steep-sloped ravines, valleys, and north
and northwest-facing slopes) where species are likely to survive longer.
Control fire: Practice controlled burning where feasible and safe, to reduce fuel loads and
avoid damaging fires; develop and maintain firebreaks to contain fires if the terrain permits;
and undertake outreach to avoid accidental fires in light of expected climate-induced
changes in fire patterns.
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Annex 1. Tree species selected for use in the analysis and associated
forest types (from DoF 2002), with elevation range for each species

SPECIES
Juniper (Juniperus spp.)
Fir (Abies spectabilis)

ELEVATION RANGE33
3000-4500 m
2400-4400 m

Blue pine (Pinus
wallichiana)

1800-3600 m
Occasionally to 4400 m.

Alder, Utils (Alnus
nepalensis)
Deodar (Cedrus
deodara)
Walnut (Juglans regia)

500-3000 m

FOREST ASSOCIATIONS USED IN CLIMATE MODEL
Temperate Juniper Forest; Sub-alpine Juniper Forest
Fir Forest; Fir Hemlock-Maple Forest
Fir-Birch-Rhododendron Forest
Fir-Blue Pine Forest
Fir-Hemlock-Oak Forest; West Himalayan Fir-HemlockOak Forest; Fir-Oak-Rhododendron Forest; HemlockOak-Rhododendron Forest
Birch-Rhododendron Forest
Fir-Birch-Rhododendron Forest
Spruce Forest; Blue Pine-Spruce Forest; Pine-Spruce-Fir
Forest;
Upper Temperate Blue Pine Forest; Lower Temperate
Blue Pine Forest
Fir-Blue Pine Forest; Mixed Blue Pine-Oak Forest; Blue
Pine-Oak Forest
Blue Pine-Spruce Forest; Blue Pine-Cypress Forest; Blue
Pine-Birch Forest
Alder Forest

1900-2600 m

Cedar Forest

1200-2500 m

Deciduous Walnut-Maple-Alder Forest;
Mixed Broadleaved Forest; Lithocarpus Forest; EugeniaOstodes Forest
Mixed Oak-Laurel Forest
Oak-Horse chestnut-Maple Forest

Chilaune (Schima
wallichii)
Katus (Castanopsis spp.)

900-2000 m

Oak-Schima Forest
Schima-Castanopsis Forest
Castanopsis-Laurel Forest
Schima-Castanopsis Forest

Oak (Quercus spp.)

Q. semicarpifolia: 17003800 m
Q. leucotrichophora:
1650-2400 m
Q. lanata: 1750-2400 m
Q. glauca: 450-3100 m

Birch, Bhoj patra (Betula 2700- 4000 m
utilis)
Spruce (Picea smithiana) 2200-3300 m

33

C. hystrix: 1000-2500 m
C. indica: 1200-2900 m
C. tribuloides: 450-2300 m

Sub-alpine Mountain Oak Forest
Blue pine-Oak forest; Mixed Blue Pine-Oak Forest
Fir-Hemlock-Oak Forest; West Himalayan Fir-HemlockOak Forest; Fir-Oak-Rhododendron Forest; HemlockOak-Rhododendron Forest

Elevation and distribution data from www.forestrynepal.org/resources/trees/ Downloaded 1 Sept 2015
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Q. floribunda: 2100-2700 m
Q. lamellosa: 1600 -2800 m

Chir pine, khote salla,
(Pinus roxburghii)
Tejpat (Cinnamomum
tamala)

900-1950 m

Champ (Michelia
champaca)

450-1500 m

Amala (Emblica
officinalis)
Chiuri (Aesandra
butyracea)

<1000 m

Sal (Shorea robusta)
Karma (Adina cordifolia)
Jamun (Syzygium
cumini)
Saj (Terminalia alata)
Siris (Albizia lebbeck)
Simal (Bombax ceiba)
Kadam (Anthocephalus
cadamba)
Satisal (Dalbergia
latifolia)
Botdhagero
(Lagerstroemia
parviflora)

Terai- ~1500 m

500-2200 m

Terai-1500 m

Temperate Mountain Oak Forest; Lower Temperate Oak
Forest
Mountain Oak-Rhododendron Forest
Oak-Horse chestnut-Maple Forest
East Himalayan Oak-Laurel Forest
Mixed Oak-Laurel Forest
Oak-Schima Forest
Chir Pine Forest
Chir Pine-Broadleaved Forest
Lower Tropical Sal and Mixed Broadleaf Forest
Hill Sal Forest
Chir Pine-Broad Leaved Forest
Upper Tropical Riverine Forest
Riverine Khair-Sissoo Forest
Castanopsis-Laurel Forest
Mixed Oak-Laurel Forest
Schima-Castanopsis Forest
Lower Temperate Oak Forest; Temperate Mountain Oak
Forest
Mixed Broadleaved Forest; Lithocarpus Forest; EugeniaOstodes Forest
Upper Tropical Riverine Forest
Hill Sal Forest
Lower Tropical Sal and Mixed Broad-Leaved Forest
Riverine Khair-Sissoo Forest;
Castanopsis-Laurel Forest
Schima-Castanopsis Forest
Lower Tropical Sal and Mixed Broadleaf Forest
Hill Sal Forest
Chir Pine-Broad Leaved Forest
Upper Tropical Riverine Forest
Riverine Khair-Sissoo Forest
Hill Sal Forest
Lower Tropical Sal and Mixed Broadleaf Forest
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Bijaysal (Pterocarpus
marsupium)
Tooni (Toona ciliata)
Neem ( Azadirachta
indica)
Harro (Terminalia
chebula)
Barro (Terminalia
bellirica)
Sissoo (Dalbergia sissoo)
Khair (Acacia catechu)

Terai-1500 m.
Terai-900m

Riverine Khair-Sissoo Forest
Riverine Khair-Sissoo Forest
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