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SUMMARY
Temperature rise due to climate change is projected to be strong in the Himalayan highlands, and is expected to lead to
a greater intensity of extreme weather events in south Asia including Nepal. The warming rate is expected to be higher in
the mountains and the middle hills of the country; this will consequently affect various sectors like forestry, agriculture and
livelihoods, impacting the economy.
There is increasing evidence that global climate change is affecting species’ physiology, phenology and distribution. There
is a growing trend of using phenological (life cycle event) responses of plants for climate change impact assessment.
Germination and establishment are key phases in the plant life cycle and are closely related to adaptation and distribution
patterns of species. However, the overall impact of climate change on plant regeneration has largely been neglected.
Although some models have been developed for assessing the impacts of climate change on plant regeneration and
distribution, studies that utilize regeneration phenological response to assess species vulnerability to climate change are
rare in Nepal. To help fill the gap, this study explores the effect of projected climate change on regeneration and
establishment phenological response of selected timber tree species of the Hill Sal and Tropical/Subtropical Broadleaf
Forest in the Chitwan-Annapurna Landscape (CHAL) region of Nepal, using a forest vulnerability tool, a mechanistic tree
and climate assessment-germination and establishment model (TACA-GEM). The study aims to identify resilient timber
species that can adapt to projected climate change conditions, and contribute to predictions of future abundance of the
selected tree species and their distribution in the CHAL, Nepal.
The TACA-GEM demonstrated that spatial variation exists in species regeneration response. Although germination
probability for most of the species generally increased under the projected climatic condition within most of the study sites
in CHAL, there may be lower germination probability for some species. For example, marked decrease in germination
probability of Adina cordifolia under projected conditions in Tansen and Acacia catechu in Pokhara may affect these
species’ composition and diversity there in the future. Low establishment potential and failure of establishment of most of
species under the past and the projected climate conditions across the warmer study sites in CHAL (Dumkauli and
Rampur) suggest that these sites may become more vulnerable to climate change in future. Establishment failure at these
sites could result in species recruitment decline, ultimately affecting species distribution across the Tropical/Subtropical
Broadleaf and Hill Sal forests in Dumkauli and Rampur in CHAL.
Species specific regeneration and establishment response under various simulated climate conditions helped in
determining the species at risk from projected climate conditions. Generally, the studied species were able to increase
germination under the projected climate change; however, seedling establishment consistently failed for most of the
species. Albizia procera and Lagerstroemia speciosa displayed a wider degree of plasticity and resiliency to a warmer
climate which may mean they will persist as they are better able to adapt to changing climate conditions in the lower
subtropical and tropical forests. Regeneration and establishment response of Tectona grandis and Quercus
semecarpifolia suggest that of all the species studied, they may be the most vulnerable to projected climate change
5

conditions in the two CHAL forest types. Generally, most of the species (Alnus nepalensis, Adina cordifolia, Acacia
catechu, Bombax ceiba, Eucalyptus camandulensis, Dalbergia sissoo, Melia azedarach, Schima wallichii, Shorea robusta
and Syzygium cumini) exhibited enhanced germination and establishment in colder areas of subtropical forests in CHAL
which suggests that these species may perform well under the projected climate by the 2060s in these areas. The finding
also suggests there is likelihood that these species may shift their ranges northward in the future.
The study in this little-researched field was able to demonstrate that the germination and establishment potential of the
species studied may change under the projected climate conditions, and their divergent responses are likely to be
influenced by regional climatic conditions. The study was successful in providing some primary insights on how projected
spatial climatic condition may affect species germination and establishment probability, and could help to identify species’
vulnerability to climate change.
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1.

INTRODUCTION

1.1

Background

Global temperature is expected to rise by 1.1–2.6 °C by the 2100s (Intergovernmental Panel on Climate Change (IPCC)
2013). More recent assessments indicate that temperature and precipitation changes will be greater than the upper
bounds predicted by the IPCC (Shrestha et al. 2012). Projections for area-averaged seasonal surface air temperature and
precipitation suggest a significant increase in warming in South Asia (Christensen et al. 2007). Warming is projected to
be stronger in the Himalayan highlands including the Tibetan Plateau and the arid regions of Asia (Gao et al. 2003), with
changes in precipitation patterns causing summer drought and increase in the frequency and intensity of rainfall in the
wet season (Gruza and Rankova 2004; Natsagdorj et al. 2005). There is a significant risk that many of the trends will
accelerate, leading to extreme weather events and to an increasing risk of abrupt or irreversible climatic shifts (IPCC
2013).
Climate change may adversely affect various sectors like forestry, agriculture, livelihoods, and many resources affecting
the economy (Alamgir et al. 2014). Although climate change impacts are prevalent across the world (Munang et al. 2013)
the consequences of climate change are pronounced in the Himalayan region, causing biodiversity and ecosystem loss
(Chaudhary and Bawa 2011). More than 750 million people living in the Himalayan region depend on forests for their
livelihoods (Chaudhary and Bawa 2011; Department of Forests 2012). Hence, impacts on biodiversity and ecosystem
functioning directly affect forest user groups (Alamgir et al. 2014) and the country's economy.
Nepal has a wide range of climate conditions and a correspondingly diverse series of vegetation types ranging from
tropical forests to high altitude tundra. The country has been divided into three main physiographic regions: terai (plains),
hills and mountains. The mountains and hills make up about 83 percent of the area, with 17 percent terai (Karkee 2004).
It is reported that annual temperatures in Nepal are rising by 0.41 ͦC on average per decade (Shrestha et al. 2000; Dahal
2005) and this warming rate is higher than the global average (Du et al. 2004; Baidya et al. 2008). The Himalayas seem
to be warming several times more than the global average rate (Shrestha et al. 1999; Liu and Chen 2000); temperature
increases are greater during the winter and autumn than in summer; and the increases are larger at higher altitudes (Liu
and Chen 2000).The warmer climate is expected to lead to a higher intensity of extreme weather events in Nepal (Karn
2014).Since much of the country is occupied by mountains and hills, a large proportion of the country may be adversely
affected (Sharma 2011). The National Adaptation Program of Action (NAPA) shows that Nepal is extremely vulnerable to
climate change impacts because it heavily depends on natural resources, particularly water, soils, and forests (Ministry of
Environment 2010). About 35 % of the population of Nepal (1.45 million households) has been engaged in community
forestry, depending on this activity for their livelihoods and community development (Ministry of Environment 2010).
Climate change is threatening community forestry, for which impacts are likely to be greater than many other sectors
(Alamgir et al 2014).
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Climate change will alter the temperature, rainfall, radiation and humidity (Olesen and Bindi 2002), consequently changing
the natural biological systems of the world (IPCC 2013). There is increasing evidence that climate change is affecting
species physiology, phenology and distribution (Hughes 2000). Phenological change is the change in the timing of
developmental phases of plants and animals. There is a growing trend of using phenological response for climate change
assessment (Chmielewski et al. 2004; Linderholm 2006). Climatic parameters such as rainfall, temperature, humidity and
solar radiation affect the vegetative and reproductive life cycle events of plants (Sapkota et al. 2010). Many studies have
demonstrated that warmer temperature is the key determinant that alters the timing of phenological events in various plant
species, affecting their distribution (Rawal et al. 2015). Many dominant forest species such as Shorea robusta, Quercus
floribunda and Quercus semecarpifolia show critical phenological events: for example, seed maturation and seed
germination coincide with the monsoon rainfall. Temperature rise and precipitation decline could advance seed
maturation, which could result in the breakdown of the synchrony between seed germination and start of the monsoon
precipitation (Singh et al. 2010a). In wet conditions these species show varying degrees of vivipary (germination of seeds
while they are still on trees). The problem with vivipary is that if a seed falls in an unfavorable place or at an adverse time
(e.g. a rainless week), recruitment may fail (Singh et al. 2010a).This problem can be very pronounced in Sal (Shorea
robusta), partly because the seeds are recalcitrant and lose viability within 6-7 days of harvest (Chaitanya and Naithani
1998). In addition, phenological events like leaf exchange and flowering at the end of winter, along with decline in winter
rainfall and increased evapotranspiration resulting from predicted rise in temperature, may deplete soil water reserves.
This could affect subsequent phenological events like germination and growth of S. robusta, further limiting the distribution
of this species in the tropical dry deciduous forest region (Singh 2014, Kushwa and Singh 2005).
The Ministry of Environment, Science and Technology (MoEST) (2008) estimated that over 28% of the land in Nepal was
in degraded condition. According to Bai et al. (2008), degraded areas covered nearly 39% of the country during 19812003. Hill forests are a key resource in the Nepalese economy, providing fodder, timber and fuelwood (Tamrakar 2003).
Rural livelihoods in the hills of Nepal are directly linked with forest ecosystems. Unsustainable pressure causes loss of
plant species and high levels of erosion, resulting in further loss of soil nutrients (Acharya and Kafle 2009). Therefore,
land degradation is a major challenge for economic and natural ecosystems of Nepal (Jha et al. 2014). To overcome this
challenge the need to replant or develop commercial wood sources is urgent. As the evidence for global climate change
has increased, so has the concern over the future resilience and adaptability of tree species (Willoughby et al. 2007).
Climate adaptation programs that aid in the selection of resilient species for future planting should be encouraged and
implemented.
Forest composition depends on the regeneration of the species and their communities composing the forest in space and
time (Benitez-Malvido 1998). Plant community structure and distribution in many natural ecosystems are largely
determined by the species-specific traits and physiological behavior (Pickett and White 1985; Lawes et al. 2007).
Germination and establishment represent two critical stages in the plant life cycle that are related to adaptation, community
composition and distribution (Koller et al. 1962; Ross and Harper 1972; Boojh and Ramakrishnan 1981). However, studies
8

on species’ adaptive strategies and projected future distribution of tree species have received little attention (Kozlowski
1971, 1979).
Phenological study can help in identifying the optimal species and varieties for planting in changed climate conditions
(Chmielewski 2013). However, individual species response modeling is crucial for the assessment of species resilience
to climate change. Phenological models are largely used to study the impact of climate change on natural and managed
ecosystems (Chmielewski 2013). Plants have specific temperature requirements before they attain certain phenological
stages (Rajput et al. 1987; Sikder 2009). The mechanistic models Tree and Climate Assessment (TACA) (Nitschke and
Hickey 2007; Nitschke and Innes 2008; Nitschke et al. 2012) and TACA-GEM (Mok et al. 2012) have been largely used
to assess the vulnerability of plant species to climate change, modeling the regeneration response. TACA-GEM (Mok et
al. 2012) primarily utilizes species phenological parameters like growing degree days (GDD), base temperature, chilling
requirement, frost and drought to show the shift in species germination timing (Rawal et al. 2015) under projected climate
conditions, and thus helps in the identification of vulnerable species.
Climatic factors like temperature and soil moisture are critical for seed germination (Baskin and Baskin 1998). Climate
warming may alter these environmental cues and prevent, delay or speed up the germination process, resulting in
germination phenological shifts which can consequently affect species composition and diversity (Walck et al. 2011). The
regeneration stage is expected to be more sensitive to climate change as it represents a major bottleneck to recruitment
(Fay and Schultz 2009; Dalgleish et al. 2010). Climate change can have a large influence on plant regeneration,
recruitment, survival and diversity (Meyer et al. 1990; Adler and Lambers 2008). However, the overall impact of climate
change on plant regeneration has been largely neglected (Hedhly et al. 2009). Though some models have been developed
for assessing the impacts of climate change on plant regeneration and distribution (Nitschke and Innes 2008; Mok et al.
2012; Rawal et al. 2015), studies in Nepal that utilize germination phenological response to identify species vulnerability
to climate change are rare. Studies like this one are thus a novel approach in Nepal, and are urgently needed for modeling
vegetation dynamics to project the impact of climate change on plant diversity (Leishman et al. 1992; Morin and Thuiller
2009).
The study conducted by Thapa et al. (2015) indicates that forest types in the lowlands and mid hill region of CHAL may
be more vulnerable to climate change than the upper coniferous forests, with major biodiversity loss by the 2050s and
2080s (the study used the A2A scenario of high greenhouse gas emissions). Most of the forest area of CHAL comprises
Hill Sal, Subtropical Broadleaf and Temperate Broadleaf forests. The impacts of climate variability and climate change on
people and biodiversity are poorly understood in CHAL (www.wwf.org). This study therefore explores the effect of
projected climate change on regeneration and recruitment phenology of timber tree species of Hill Sal and
Tropical/Subtropical Broadleaf forest in the CHAL region, using a forest vulnerability tool, a mechanistic model TACAGEM (Mok et al. 2012; Rawal et al. 2015) aiming to identify resilient timber species that can adapt to projected climate
conditions. The study also helps predict future abundance of the studied species in CHAL.
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1.2

Objectives

This study aims to assess the vulnerability of major tree species in Hill Sal and Tropical/Subtropical Broadleaf forests of
CHAL and identify resilient species that can adapt to changing climate conditions. Detailed objectives are:
•

To investigate the extent to which selected Hill Sal and Subtropical Broadleaf forest species are vulnerable
to climate change

•

To explore how selected Hill Sal and Tropical/Subtropical Broadleaf forest species are likely to interact with
projected climatic conditions that may govern the future abundance of these species in specific districts of
CHAL, hence aiding forest management /adaptation practice.

•

To provide a strong forest vulnerability assessment methodology for future application.

2.

METHODOLOGY

2.1

Study area

The Chitwan-Annapurna Landscape (CHAL) in central and western Nepal is known for its biodiversity. This area includes
all or part of 19 districts and represents an important north-south corridor that connects the Annapurna Conservation Area
(ACA) and other protected areas in the north with Chitwan National Park in the south (Thapa et al. 2015). The landscape
includes Terai Duar Savanna and Grasslands, Subtropical Broadleaf Forests, Subtropical Pine Forests, Temperate
Broadleaf Forests, Subalpine Conifer Forests, and Alpine Shrub and Meadows (Thapa et al. 2015). The most climatevulnerable forest types are likely to be Subtropical Broadleaf and Hill Sal forests in CHAL (Thapa et al. 2015). Therefore,
this study mainly focuses on the Hill Sal and Subtropical/Tropical Broadleaf forest species of CHAL region (Fig. 1).
The subtropical forest zone reaches to an elevation of 1000-2000 m. It comprises outer foothills, lower part of Mahabharat
range, and mid hill areas. Important forests of this zone are Schima-Castanopsis (1000-1700m), Chir pine (900-2000m)
and Alder forest (900-2700) (Chowdhary 1998). Sal forest may grow to an altitude of 1,500m and in the outer foothills it
constitutes the Hill Sal or Montane Sal forest. Magnificent stands of Sal forest still exist in western Nepal, though in eastern
and central Nepal these forests have suffered greatly from lopping and felling (Chowdhary 1998).
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Fig. 1 Map showing CHAL region, Nepal
(Source: Chitwan Annapurna landscape: biodiversity areas and Landscape, WWF Nepal, Hariyo Ban Program publication number:
Report 012 (www.wwfnepal.org/publications)

2.2

Species selection

Selection of the tree species from Hill Sal and Tropical/Subtropical Broadleaf forests for this study was based on two
criteria: species classified as important indigenous timber species recommended for afforestation programs in Nepal
(Chaudhary 1998; Tamrakar 2003); and priority timber species recommended by stakeholders during the inception and
consultation workshop, some of which are not indigenous (see Appendix 1; Appendix 2a and Appendix 2b).
The following list was the result. Detailed descriptions of the species are provided in Table 1.
1. Acacia catechu (Khair) (Tropical/Subtropical Broadleaf forest)
2. Adina cordifolia (Karma, Haldu) (Tropical forest forest)
3. Albizia procera (Siris) (Tropical/Subtropical Broadleaf forest)
4. Alnus nepalensis (Utis) (Subtropical Broadleaf forest)
5. Bombax ceiba (Simal) (Hill Sal forest/ Subtropical Broadleaf forest)
6. Dalbergia sissoo (Sisso) (Tropical/Subtropical Broadleaf forest)
7. Eucalyptus camaldulensis (Mashala) (Tropical/Subtropical Broadleaf forest)
8. Lagerstroemia speciosa (Thulo Asare phool) (Tropical forest forest)
9. Melia azedarach (Bakaino) (Subtropical Broadleaf forest)
10. Quercus semecarpifolia (Khasru) (Subtropical Broadleaf forest)
11. Schima wallichii (Chilaune) (Tropical/Subtropical Broadleaf forest)
11

12. Shorea robusta (Sal) (Hill Sal forest, Tropical/Subtropical Broadleaf forest)
13. Syzygium cumini (Jamun) (Hill Sal forest, Tropical/Subtropical Broadleaf forest)
14. Tectona grandis (Teak) (Tropical forest)
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Table 1 Ecological description of the selected tree species
Optimal
Temperature
range (oC)

Species

Climatic zone

Acacia catechu (Khayer) a

tropical wet/dry, steppe or semiarid, subtropical dry
winter
tropical wet/dry and wet
tropical wet/dry
tropical wet/dry, steppe or semiarid, subtropical
humid, temperate oceanic/continental, temperate with
humid winters/dry winters

25–35

Absolute
Temperature
range (oC)
7–48

25–35
20–33
13–26

tropical wet/dry, steppe or semiarid
tropical wet/dry, steppe or semiarid, subtropical dry
winter, subtropical humid
tropical wet/dry, steppe or semiarid, subtropical dry
winter/summer, temperate oceanic

Adina cordifolia (Karma) ac
Albizia procera (Siris) abf
Alnus nepalensis (Utis) ab

Bombax ceiba (Simal) a
Dalbergia sissoo (Sisso) a
Eucalyptus camandulensis
(Masala) a
Lagerstroemia speciosa
(Thulo asare phul) ce
Melia azedarach (Bakaino) a
Quercus semicarpifolia
(Khasru) ac
Schima wallichii (Chilaune) acd
Shorea robusta (Sal) a
Syzygium cumini (Jamun) ae
Tectona grandis (Teak) a

Optimal Rainfall
range (mm/yr1)

Altitude range
(m)

Early growth killing
temperature (oC)

700–2100

0–1000

-1

5–47
10–45
4–36

800–2000
1500–2500
1000–2000

0–800
0–1200
500–3000b

0
-4f
-1

28–42
26–40

5–49
5-50

750–4000
500–2000

0–1500
0–1700

-1
-4

12–28

7–40

600–1000

0–1500

-8

tropical wet/dry

18–35

6–43

1200–2400 c

0-400

1

tropical wet/dry, Subtropical humid/dry summer/dry
winter
steppe or semiarid, temperate continental

16–30

8–35

600–1000

0–2000

-1

12–22

2–30

800–2000

1700–3800c

-1

tropical wet/dry

12–30

5–45

1400–3000

100–2400cd

0

tropical wet/dry, subtropical dry winter, with dry winters
tropical wet/dry, subtropical humid/dry summer /dry
winter
tropical wet/dry, tropical wet, steppe or semiarid

28–34
20–32

7–47
12–48

1500–3500
1500–6000

75–2000
0–1800e

-1
-1

22–32

14–43

1200–3000

0–1200

3

Source: a http://ecocrop.fao.org/ecocrop/, b http://factnet.winrock.org, c http://worldagroforestry.org/, d Boojh and Ramakrishnan 1981, e http://www.cabi.org/isc, f http://www.pfaf.org,
ghttp://www.tropicalforages.info
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2.3

Brief description of the selected species

a) Acacia catechu (L.f.) Willd
Family: Leguminosae
Genus: Acacia
Species: A. catechu
Nepali name: Khayer
English name: Black cutch
A small to medium-sized tree reaching 15-25 m in height, occurring naturally in mixed deciduous forests and
savannas of lower mountains and hills (www.ecocrop.fao.org). In Nepal it is widespread in the Terai, and
extends to about 900 m (exceptionally to 1400 m). It also grows freely on the high gravelly terraces of the
Seti River near Pokhara at a considerable elevation above the water level. Outside Nepal, it occurs
throughout most of India and extends to Thailand and southern China (www.forestrynepal.org). In the
northern Indian plains A. catechu Willd., A. nilotica Willd., Albizia lebbeck Benth., Dalbergia sissoo Roxb. and
Tectona grandis Linn. are widely distributed tree species (Khera and Singh 2005).
A. catechu is a useful multipurpose tree producing fuelwood and small timber for village use. The most
important commercial products from A. catechu are kattha and cutch. Kattha, an impure form of catechin, is
mainly used for chewing with betel nut and pan, and has medicinal and pharmacological uses
(www.forestrynepal.org ). Cutch i.e. catechu tannic acid, is extracted from the heartwood and used to tan
leather, preserve fishing nets and ropes, and dye cotton, silk, canvas, paper and leather; it is also used as a
viscosity modifier in on-shore oil wells (www.ecocrop.fao.org). The wood of A. catechu is strong and durable
and is extensively used for house posts, agricultural implements, wheels, firewood and charcoal
(www.ecocrop.fao.org).
b) Albizia procera (Roxb.) Benth
Family: Fabaceae (alt Leguminosae)
Genus: Albizia
Species: A. procera
Nepali name: Siris
English name: White siris
14

A medium to large-sized deciduous tree with a short, crooked bole and an open crown
(www.factnet.winrock.org; www.ecocrop.fao.org). It occurs in forests and savanna woodlands, but prefers
moister sites than its coexisting trees (www.factnet.winrock.org).
The tree occurs naturally in India, Nepal, Bangladesh, the Andaman Islands, Burma, southern China, Laos,
Thailand, Cambodia, Vietnam, Malaysia, the Philippines, Indonesia, Papua New Guinea, Melanesia and
northern Australia (Nielsen 1979). It also occurs in tropical semi-evergreen, moist deciduous and northern
subtropical broadleaved forests and is planted during forest restoration due to its adaptability and economic
importance (Troup 1921; Jha 1994). It is a very useful species for the rehabilitation of degraded fallow lands
because of its rapid growth, nitrogen fixing ability (association with Rhizobium spp.) and tolerance to
moderately alkaline and saline soils (Alam et al. 1996).
This species provides wood for a variety of purposes, nutritious fodder for livestock, and shade for tea
plantations. It is an important reforestation and agroforestry species. The wood is durable, strong and
resistant to termites (www.factnet.winrock.org) and can be used for house construction, as cabinet and
furniture timber, and for fuel and charcoal (www.ecocrop.fao.org). The wood is used to produce wheels, carts,
boats, furniture, flooring, posts, agriculture implements, boxes and carvings. This species is considered a
promising source of pulp for high-quality paper (Parrotta 1987).
c) Dalbergia sissoo Roxb, ex DC.
Family: Leguminosae
Genus: Dalbergia
Species: D. sissoo
Nepali name: Sissoo, Shisham
English name: Indian Rosewood
D. sissoo is a medium-sized deciduous or almost evergreen tree inhabiting arid and semiarid regions. It is
indigenous to northern India, Nepal and Pakistan (www.ecocrop.fao.org). It is mainly found along river banks
below 900m elevation in its native range (www.ecocrop.fao.org). Abundant moisture and lack of competition
is the key to its successful regeneration; it is therefore found in riverine environments where sunlight and
moisture are plentiful. It is associated with Pinus roxburghii, Acacia catechu and Shorea robusta. D. sissoo
is adapted to a seasonal monsoon climate and a dry season of up to 6 months. Where introduced, it appears
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most suitable for the moist tropics and subtropics at altitudes up to 1000 m and its growth is most prolific in
areas where there is considerable soil moisture (United States Forest Service, Pacific Islands Ecosystems
at Risk (PIER) 2007). D. sissoo grows naturally under subtropical climatic conditions (Singh 1989) with a
pronounced winter and occasional frost (Siddiqui 1997).
D. sissoo is best known internationally as a premier timber species. The high-quality timber is used in
construction, paneling, ship building and for furniture making (www.ecocrop.fao.org). Sissoo is also an
important fuelwood, shade, shelter and fodder tree. The tree fixes nitrogen and with its tolerance to light frosts
and long dry seasons, this species has great agroforestry potential (Sheikh 1989; Centre for Biosciences and
Agriculture International (CABI) 2005). It is also grown for fuelwood. Secondary products include foliage as
a fodder, traditional medicines, and lubricant oil from the heartwood (CABI 2005).
d) Bombax ceiba L.
Family: Malvaceae (Bombacaceae)
Genus: Bombax
Species: B. ceiba
Nepali name: Simal
English name: Silk cotton tree
Bombax ceiba is a tall, deciduous or semi-evergreen tree occurring in warm monsoon forests in southern
Asia that reaches a height of up to 40 m (Hodel and Weissich 2012; www.ecocrop.fao.org). In Nepal, it is
found from Terai (70 m) up to about 1300 meters (KC 2007-08). B. ceiba grows well in tropical to subtropical
conditions in Nepal and is mainly found in the Terai. It is common in dry as well as mixed deciduous dry or
moist forest and mixed evergreen forest (Joshi 2010). It mainly inhabits alluvial savanna forests and at times
is found in mixed deciduous forests in the lower valleys. In Nepal it is very common in the Bhabar and Terai
tracts and often associated with Sal (Shorea robusta) (KC 2007-08). B. ceiba can tolerate harsh climatic
conditions including heat, wind, smog and aridity (Hodel and Weissich 2012).
Bombax ceiba produces large sized timber of light weight which is widely used to manufacture match boxes,
matches, veneer, plywood, tea chests and packaging cases (KC 2007-08; Joshi 2010). Other commercial
products include floss or kapok which is used to stuff lifebelts, mattresses, cushions, pillows, upholstery,
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quilts etc. The floss is also used in textile industries and for surgical dressings and sound-proof covers, and
to extract gum and oil (Joshi 2010).
e) Eucalyptus camandulensis Dehnh.
Family: Myrtaceae
Genus: Eucalyptus
Species: E. camandulensis
Nepali name: Masala
English name: River gum
Eucalyptus camaldulensis is an evergreen tree reaching a height of 35-45 m (www.ecocrop.fao.org). It is
found over most of the Australian mainland (Chippendale 1988). E. camaldulensis commonly grows in
riverine sites with permanent or seasonal water (Brooker et al. 2002). E. camaldulensis is the most widely
planted tree in arid and semi-arid lands in the world. There have been widespread plantings in the
Mediterranean region using seed from southern Australian provenances. Planting in the tropics, especially in
South East Asia, Mexico and Brazil is increasing with the availability of seed from northern Australian
provenances (McMahon et al. 2010).
The wood is strong and durable and used for heavy construction, railway sleepers, flooring, framing, fencing,
plywood, veneer turnery, and high quality furniture. The flowers produce nectar for honey production and
pollen has value for apiculture. The wood is also utilized in shitake mushroom culture and for tannin
production (www.ecocrop.fao.org; www.florabank.org.au). The tree is also used for reforestation, windbreaks
and shelterbelts (www.ecocrop.fao.org)
f) Schima wallichii (DC) Korth.
Family: Theaceae
Genus: Schima
Species: S. wallichii
Nepali name: Chilaune
English name: Needlewood
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Schima wallichii is a tropical/subtropical evergreen tree reaching up to 47 m in height. Although it prefers
well-drained soils it is also found in swamps and along rivers. It is common in disturbed and secondary
forests, scrub and grassland and even in areas inundated with brackish water (Orwa et al. 2009;
www.ecocrop.fao.org). It is distributed in the eastern Asian region of China, the Indian subcontinent,
Myanmar, Thailand, Malaysia, Indonesia and Philippines (Orwa et al. 2009). It is a very common tree in
central and eastern Nepal between 900 and 2000 m. It forms dominant Schima-Castanopsis forest together
with Castanopsis species at these altitudes on north-facing slopes in drier areas, and north and south facing
slopes in wetter areas such as the Arun and Tamur valleys and the area south of the Annapurna range. It is
also found in some areas of subtropical evergreen forest dominated by Syzygium species and is sometimes
found in the wetter types of Shorea robusta forest (www.forestrynepal.org).
Wood of S. wallichii is medium-weight to heavy, hard, fairly strong, and is used for medium-heavy
construction such as columns/beams, flooring, paneling, door/window frames, furniture, pallets, boxes,
crates, and ship and boat building (ribs, decks) (Orwa et al. 2009). Tannins and medicinal oils are also
extracted from this tree. It is used as a shade tree in coffee plantations, for reforestation and for water
conservation in catchment areas (Orwa et al. 2009; www.ecocrop.fao.org).
g) Syzygium cumini (L.) Skeels.
Family: Myrtaceae
Genus: Syzygium
Species: S. cumini
Nepali name: Jamun
English name: Black plum
Syzygium cumini is an important medium-sized evergreen multipurpose tropical fruit tree, usually 10-15 m in
height that can reach 30 m (www.ecocrop.fao.org; www.cabi.org). It is a fast-growing tropical and sub-tropical
species preferring moist, riverine habitat (www.cabi.org). It is native to South Asia and is grown in Southeast
Asia to Australia (Singh 1982). It is widely distributed in India up to an altitude of 1800 m, occurring in the
major forest groups except in the very arid regions (Anonymous 1969; Orwa et al. 2009). In dry sites it
generally confines itself to the vicinity of watercourses. It can grow on shallow, rocky soils provided the rainfall
is sufficient. It is present in both moist and dry situations, occurring in the tropical wet evergreen forests,
tropical semi evergreen forests, tropical moist deciduous forests, littoral and swamp, as well as in tropical dry
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deciduous, tropical dry evergreen, subtropical broadleaved hill, and subtropical pine forests (Orwa et al.
2009).
Sacred to Hindus and Buddhists, this species is a multipurpose tree which is highly valued for its medicinal
uses, edible fruits, fodder, strong heavy timber and good fuelwood. It is also a host plant of ‘tassar’ silkworms
(http://www.cabi.org) and the blossoms are an important source of honey (Anonymous 1969). The timber is
used for construction of boats and buildings, and for making plywood. The leaves are used as cattle fodder
and fruits and bark are used widely in the Ayurvedic medicines (Anonymous 1969). The fruits can be eaten
raw or made into juice, jellies, syrup, vinegar, wine, tarts, and pudding (www.ecocrop.fao.org).
h) Shorea robusta Gaertn.
Family: Dipterocarpaceae
Genus: Shorea
Species: S. robusta
Nepali name: Sal
This is a tall deciduous tree, reaching a height of 35-45 m (www.ecocrop.fao.org). Shorea robusta is found
both in undulating and flat country, but it thrives on lower slopes and in valleys, and occurs at altitudes
between 75 and 2000 m. A large, commercially important tree, it grows widely along the plains and lower
foothills of the Himalayas up to an elevation of 1500 m (Gautam 1990; Singh and Singh 1992). S. robusta
forests are distributed mainly in South and Southeast Asia in Bangladesh, India and Nepal; it is also present
in Bhutan and South China (Fu 1994; Zhao et al. 1994; Gautam and Devoe 2006). S. robusta forests have
the widest distribution amongst all Dipterocarps, extending over an estimated area of 13 million hectares in
India, 0.11 million ha in Bangladesh and one million hectares in Nepal (Gautam 1990; Alam et al. 2008). In
Nepal, it penetrates through the mid-hill range (Mahabharat region) to the far north along river slopes and
valleys (Gautam and Devoe 2006). The distribution of S. robusta is controlled first by climate and then by
edaphic factors (Gautam 1990). Generally, S. robusta forests of subtropical regions with seasonal climatic
influence are dominated by this species. In Terai and Bhabar areas, associated species of S. robusta are
Terminalia tomentosa, T. bellirica, T. chebula, Adina cordifolia, Anogeissus latifolia, Lannea grandis,
Schleichera trijuga, Syzygium cumini, Bombax ceiba and Acacia catechu (Gautam and Devoe 2006; Paudel
and Sah 2003). In hill areas associated species are Lagerstroemia parviflora, Anogeissus latifolia, Adina
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cordifolia, Semicarpus anacardium, Bauhinia variegata, Dillenia pentagyna and Buchnania latifolia (Gautam
and Devoe 2006).
The dark and reddish brown, heavy, hard S. robusta timber is very durable and especially well-suited for
structures subject to heavy stress in house construction, hydraulic engineering, ships and railway cars. It is
also used for poles, railway ties and posts, simple interior finishing such as window frames and floors, and
many other applications. Seeds are also used for food and for oil extraction. S. robusta leaves are widely
used for making leaf plates and cups, and for fodder (Orwa et al. 2009).
i) Quercus semecarpifolia Sm.
Family: Fagaceae
Genus: Quercus
Species: Q. semecarpifolia
Nepali name: Khasru
English name: Brown oak
Quercus semecarpifolia is an evergreen, perennial, medium to large gregarious tree attaining a height of 2735 m (Orwa et al. 2009; www.ecocrop.fao.org). It is found in the northern temperate zone, subtropical and
tropical Asia, and the Andes of South America (Keator and Bazel 1998). Q. semecarpifolia is a timberline,
dominant oak species of the Western Himalayan region (Bisht et al. 2011) from Bhutan westwards, mainly
between 2400 and 3000 m elevation, occasionally descending to about 2000 m in northern aspects and
ascending to about 3600 m elevation in southern aspects (Orwa et al. 2009). In Nepal it is dominant in forests
between 2400 and 3000 m in the west, except on very moist north-facing slopes, but in central and eastern
Nepal it tends to be confined to warmer, drier, south-facing slopes. It is absent from the very high rainfall
areas north of Pokhara, and in the upper Arun and Tamor valleys. In the Humla-Jumla area it is dominant,
with Abies spectabilis and Betula utilis, especially on south-facing slopes above 3000 m
(www.forestrynepal.org).
The economic and ecological values of oak are generally higher than those of other species associated with
oak (Shrestha 2003). It is a multipurpose tree used for timber, fodder, fuel-wood, wood for agricultural
implements, and tannin (Shrestha 2003; Singh et al. 2010b; Singh et al. 2011; www.forestrynepal.org;
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www.ecocrop.fao.org). The timber is hard and heavy, and is a good construction material
(www.forestrynepal.org).
j) Alnus nepalensis D. Don
Family: Betulaceae
Genus: Alnus
Species: A. nepalensis
Nepali name: Utis
English name: Nepalese alder
Alnus nepalensis is a medium-sized deciduous or semi deciduous tree reaching a height of 10-33 m
(www.ecocrop.fao.org). It occurs naturally throughout the Himalaya at 500-3000 m elevation from Pakistan
through Nepal, northern India, Bhutan and Upper Burma to southwest China and Indochina and is introduced
to various countries in Africa, Central America and South-East Asia (Joker 2000). At lower altitudes
particularly, A. nepalensis occurs on moist sites, such as near rivers and in ravines, but it will colonize rocky
sites exposed by landslips, or lands abandoned following cultivation. It occurs naturally in both pure and
mixed stands (www.factnet.winrock.org).
A. nepalensis wood is moderately soft and is suitable for boxes, splints and matches, and for newsprint
(www.factnet.winrock.org). Leaves are also used as animal bedding and for tanning and dyeing (Little 1983).
The trees provide fuelwood, green leaf manure, and helps in soil conservation (www.factnet.winrock.org). In
Burma, A. nepalensis has been effectively used to reforest abandoned taungya areas (National Academy of
Sciences 1980). As the species fixes nitrogen it is suitable for soil improvement and rehabilitation of degraded
lands (Joker 2000).
k) Adina cordifolia (Roxb.)
Family: Rubiaceae
Genus: Adina
Species: A. cordifolia
Nepali name: Haldu, Karma
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Adina cordifolia is a large perennial deciduous tree reaching a height of 45 m (www.ecocrop.fao.org). It is
distributed across most of parts of India and in the east it extends to Indochina. In Nepal, it is found in the
plains and the hills and commonly found in Shorea robusta forest (www.forestrynepal.org).
It is an important timber tree in the Terai used in furnishing, flooring/paneling, carving and railway carriages.
It is also used as fuel wood and fodder (www.forestrynepal.org; www.agritech.tnau.ac.in)
l) Tectona grandis L.
Family: Verbenaceae
Genus: Tectona
Species: T. grandis
Nepali name: Sagawan
English name: Teak
Tectona grandis is a large tropical deciduous forest species usually 25-30 m tall. Under favorable conditions
this tree can reach a height of 50 m and a diameter of 2 m (Kaosa Ard 1985, ww.ecocrop.fao.org). T. grandis
is not indigenous to Nepal or Northern India; the natural distribution of T. grandis is limited to the Southeast
Asian. Teak is widespread across the Indian peninsula, Burma, Thailand, Laos and Indonesia (Kaosa Ard
1985; www.forestrynepal.org). The distribution of teak is controlled by environmental factors of rainfall/soil
moisture, temperature, light, geological formation and soil conditions (Kaosa Ard 1985).
T. grandis timber is world famous and is in high demand on world markets due to its extreme durability
(Robertson 2002; www.forestrynepal.org). It is very strong and of high quality, and is well known for its
remarkable property of constancy under varied temperature and moisture conditions (www.ecocrop.fao.org).
Previously, teak wood was widely used for general construction of houses, ships, boats and furniture, and
even for railway sleepers. However, nowadays, teak is becoming increasingly scarce and expensive, hence
its use has been limited to produce high value products such as veneers, carvings and plywood
(www.forestrynepal.org, www.ecocrop.fao.org). Leaves, seeds and bark have medicinal properties and
contain some tannin and dye. It is used for reforestation and is a possible agroforestry species
(www.ecocrop.fao.org).
m) Melia azedarach L.
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Family: Meliaceae
Genus: Melia
Species: M. azedarach
Nepali name: Bakaino
English name: Chinaberry, Persian lilac
Melia azedarach is a small to medium sized deciduous tree. It is native to Southern Asia, probably from
Baluchistan (Pakistan) and Kashmir (India and Pakistan), but has long been cultivated throughout the Middle
East, the Indian subcontinent and China (www.cabi.org). Now it is widespread in tropical and subtropical
areas (www.ecocrop.fao.org), growing in India, Nepal, Sri Lanka and tropical China, south and east through
Malaysia: Sumatra, Java, Philippines Sunda Islands (Flores, Timor, Wetar), Papua Barat and Papua New
Guinea, Australia and the Solomon Islands (Mabberley et al. 1995).
M. azedarach is a useful tree for farm and amenity planting including for shade, and will grow in areas subject
to drought conditions. (www.cabi.org). The lightweight timber is decorative and used for furniture
(www.forestrynepal.org) as well as for cabinetwork, plywood, boxes, tool handles, turnery articles, and
firewood (www.ecocrop.fao.org). The foliage has potential as stock fodder (www.florabank.org.au.). In India,
M. azedarach is used for planting dry, eroded hill slopes between 900-1500 m (Troup and Joshi 1981). In
Jammu and Kashmir, it has been successfully used in the afforestation of bare south and south westerly
slopes near Srinagar (www.cabi.org). The leaves and fruit have insecticidal properties; they have been widely
attributed with medicinal qualities and contain bioactive compounds azadirachtin, salannin and meliantriol,
with anti-feedant and growth-disruption properties for insects (Milimo 1994, 1995, www.ecocrop.fao.org).
n) Lagerstroemia speciosa (L.) Pers.
Family: Lythraceae
Genus: Lagerstroemia
Species: L. speciosa or L. reginae
Nepali name: Thulo asare phool
English name: Queen's crape-myrtle
Lagerstroemia speciosa is a deciduous or semi-deciduous, small- to medium-sized or rarely large tree up to
40 (45) m tall; It is found at low to medium altitudes in the moist, lowland tropics and subtropics. It grows in
comparatively open habitats, in disturbed or secondary forest, grassland, and along rivers (Orwa et al. 2009;
23

www.tropical.theferns.info) but thrives best on well drained soils (www.ecocrop.fao.org). Its natural range
includes India, Sri Lanka, Bangladesh and Myanmar. ).
The wood is a medium-weight hardwood resistant to termites, and is used for fuel wood and timber products.
Bark, fruit and leaves contain tannin. Seeds of L. speciosa yield oil. A decoction of the bark is used as
medicine to treat diarrhea and abdominal pains (Orwa et al. 2009).
2.4

Seed germination experiment

The seed germination experiment consisted of a completely randomized design and was conducted in
controlled seed germinator chambers in the Seed Science and Technology Division, National Agricultural
Research Institute (NARI), Khumaltar, Lalitpur, Nepal. To identify the temperature and germination
relationship, a germination test was carried out for each species following the guidelines provided by Rawal
et al. (2015).
For each species, the sample consisted of 3 replicates of 20/25 seeds germinated at the average temperature
of 20°C, 25°C and 30°C respectively under dark conditions. Seeds were surface sterilized with 0.2% mercuric
chloride solution and rinsed with distilled water. All the species were then germinated in petri dishes on top
of filter paper or between filter papers (Whatman 150 mm), mainly following the protocol of the International
Soil Testing Association (ISTA) (2011). Moisture was maintained by adding distilled water every day (ISTA
2011). Seeds were carefully observed for epicotyl hook emergence each day for 30 days (see Plate 1 for
germination photos).
Germination metrics such as final germination percentage and Growing Degree Days (GDD) were calculated
(Shahba and Qian 2008).
2.5

Statistical model

To determine the optimum time and temperature for the highest germination percentage, germination
percentage was analyzed as a dependent variable of GDD accumulation using non-linear polynomial
regression analysis (McDonald 2009). For each species, the non-linear polynomial regression function
derived was implemented in the mechanistic model.
2.6

Mechanistic model

The Tree and Climate Assessment-Germination and Establishment Model (TACA-GEM) (Mok et al. 2012) is
a modified version of the Tree and Climate Assessment (TACA) (Nitschke and Hickey 2007; Nitschke and
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Innes 2008; Nitschke et al. 2012). It was used to model the species-specific germination and establishment
responses to climate variability. This model has previously been used in forest vulnerability assessment
studies in Australia and Canada.
TACA-GEM (Mok et al. 2012), a mechanistic model, was developed to assess the resilience of tree species
and ecosystems to climate change by examining change in the breadth of a species’ regeneration niche. The
model analyzes the influence of projected climate change on the ability of a tree species to regenerate and
establish. This approach is used to gain an understanding of the risks associated with the loss of tree species
and mature ecosystems to climate change. TACA -GEM is designed to evaluate species’ response to climate
change when they are at the most sensitive stage of the life cycle, regeneration and establishment. This
helps in the assessment of species’ vulnerability to climate change (Mok et al. 2012).
TACA-GEM primarily combines phenology with germination physiology which interacts with temperature, soil
moisture and frost, and simulates the species’ ability to regenerate and establish under changed climate
conditions. Species-specific germination parameters, GDD thresholds, and GDD functions identified from the
germination experimental components plus the statistical model, were incorporated into the model. In detail,
the model utilizes the germination experimental data where seeds germinated at a given GDD sum are
regressed against GDD. The cumulative response function derived from the statistical analysis implemented
in the TACA-GEM model enables the germination to occur at variable rates and times of the year, relying on
the variable temperature and moisture throughout the year (Rawal et al. 2015). The use of a 365-day period
(year) of variable temperature and moisture regimes allows for seeds to remain quiescent in periods that are
unsuitable but allows for uniform or periodic germination as conditions permit during the year. The model
therefore integrates species germination response to temperature and moisture at daily scales with daily to
monthly to seasonal patterns in climate. The model then provides germination and establishment probability
response outputs simulated for past and future climatic conditions (climate parameter and scenario input).
This degree of model output (germination and establishment probability) provides the germination and
establishment capability of the species that helps in the assessment of species vulnerability and future
abundance in light of projected climate change (see Fig. 2 for diagrammatic representation of the
methodology).
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This model can be simulated for 10 to 51 years of climate data. Details of the model can be found in Rawal
et al. (2015), Mok et al. (2012) and Nitschke and Innes (2008). Details on parameters for TACA-GEM input
are provided in Table 2a and Table 2b.
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Table 2a Species specific germination parameters and climatic origin used for the calibration of TACA-GEM model
Species
Parameter

A. catechu

A. procera

A. cordifolia

A. nepalensis

B. ceiba

D. sissoo

E. camandulensis

Habitat
Soil texture ac
Seedfall Julian Date (days)
Rooting zone depth (m) 0
Coarse fragment (%)0

Sandy 1
301,2
0.10
0.10

Sandy6
30 1
0.10
0.10

Sandy/clay 8
1808
0.10
0.30

Sandy6
909
0.10
0.10

Sandy loam11
18011
0.10
0.30

Sandy6
180 6
0.10
0.10

Sandy, Clay12,13
90 14
0.10
0.30

Probabilistic Germination Function thresholds of polynomial regression for germination based on GDD
Minimum GDD threshold (days)

60

10

130

130

10

20

20

Maximum GDD threshold (days)

470

90

560

530

170

140

120

Minimum temperature (C)
Maximum temperature (C)
b0

15
402
-0.0732

15
40 2
-0.0979

15
35
-0.0415

15
35C10
-0.0353

15
35
-0.0004

15
40 2
-0.0808

15
35
-0.1184

b1

0.0015

0.0194

0.0004

0.0004

0.0017

0.0080

0.0079

b2

-2.8E-06

-0.0003

-5.7E-07

-5.3E-07

-1.8E-05

-8.8E-05

-0.0001

4.6E-08

2.5E-07

3.6E-07

1.5E-06

b3
Other Germination Parameters
Germination moisture threshold (MPa)
Physiological base temperature (°C)
Establishment Parameters
GDD minimum
GDD maximum
Frost tolerance (0-1)
Frost season length (days)

-2 2
73

-2 2 or
10 3

-2
53

-2
53

-2
53

-2 2
53

-2
5 or 7 3

45004
70004
0.1 4,5
104

4000 4
7500 4
0.1 4,5
124,7

4000 4
7000 4
0 4,5
0-10 4,8

35004
60004
0.1 4,5
304

4500 4
7000 4
0.1 3,4,5
304

4500 4
7000 4
0.353,4,5
504

3000 4
5500 4
0.1(0.5) 3,4,5
2014
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Heat moisture index (dimensionless)5
Drought tolerance
Minimum temperature
Derivation of germination response function

54.28 3,4,5
0.55 3,5
-13
Das (2014)

25.33 3,4,5
0.55 3,5
-43
This study

Final Report

47.5 3,4,5
0.30
03
This study

343,4,5
0.551,3
-13
This study

50.664,5
0.303,5
-33
This study

76 3,4,5
0.55 3,5
-43
Atik et al.
(2007)

56.663,4,5
0.553,5
-73
This study

Table 2b Species specific germination parameters and climatic origin used for the calibration of TACA-GEM model
Species
Parameter

L. speciosa

M. azedarach Q. semecarpifolia

Habitat
Soil texture ac
Seedfall Julian Date (days)
Rooting zone depth (m) 0
Coarse fragment (%) 0

Sandy15
180 1,16
0.10
0.10

Sandy17
18017
0.10
0.10

Sandy, Loam18
18018
0.10
0.10

S. wallichii

S. cumini

S. robusta

T. grandis

Sandy20
9020
0.10
0.30

Sandy21
18022
0.10
0.30

Sandy23
15024
0.10
0.30

Clay, Loam26
301
0.10
0.30

Probabilistic Germination Functions thresholds of polynomial regression for germination based on GDD
Minimum GDD threshold (days)

40

30

10

50

110

40

10

Maximum GDD threshold (days)

610

290

110

310

390

200

570

Minimum temperature (C)
Maximum temperature (C)
b0

15
35
-0.0063

15
35
-0.0285

5 19
3519
-0.0327

15
35
-0.0284

15
35
-0.2369

15
35
-0.1492

15
45 2
0.0003

b1

0.0003

0.0017

0.0081

0.0010

0.0029

0.0055

0.0002

b2

-4.5E-07

-5.2E-06

-0.0001

-2.7E-06

-5.9E-06

-2.3E-05

-3.2E-07

-2
53

-2
5 22

--125
5 or 7 3

-2 2
14 3

4.0E-07

b3
Other Germination Parameters
Germination moisture threshold (MPa)
Physiological base temperature (°C)

-2
615

-2
5

-2
5 19
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Establishment Parameters
GDD minimum
GDD maximum
Frost tolerance (0-1)
Frost season length (days)
Heat moisture index (dimensionless)5
Drought tolerance
Minimum temperature
Derivation of germination response function

55004
75004
04,5
0
31.66
0.553
-13
Azad et al.
(2010)

Final Report

4000 4
35004
50004
5500
50004
6000 4
55004
70004
7000
65004
0.117
0.5 4,5
0.1 4,5
0.1 4,5
0.1 4,5
17
4
3
23
20
60
10
10-30 ,
304
56.66
30
27.14
25.333,4,5
17.33 3,4,5
0.303
0.553
0.553
0.30 3
0.551,3,5
3
3
3
3
-1
-9
0
-1
-13
Abe,
Boojh,
Abbas et al. This study
Bisht et al. (2012)
Matsunaga
Ramakrishnan (2003)
(2011)
(1981)
GDD, growing degree days; 0Mok et al 2012, 1Orwa et al 2009, 2 Khera and Singh 2005, 3 http://ecocrop.fao.org/; 4Department of Hydrology and Meteorology
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Climate parameters and scenarios

For the simulation of past (observed) climate condition (OC), data for 10 reference years (1989-1999)
were inputted to TACA-GEM from each of the 14 districts (except Nuwakot, 1988-1998). The climatic
stations used to represent each district are provided in Table 3. The climate data include the minimum
and maximum temperatures (Tmin and Tmax), precipitation (PCP) and solar radiation (Source: Department
of Hydrology and Meteorology (DHM), Nepal).
For the projected climate simulation, scenarios from DHM were used (Source: DHM). For model
simulation, an average was taken from the PRECIS-ECHAM5 (Providing Regional Climate for Impact
Studies - European Community−Hamburg Atmospheric Model) and the HadCM3 (Hadley Centre
Coupled Model, version 3) (bias corrected), representing the A1B scenario (moderate climate change
scenario) by the 2030s-2060s. The PRECIS model is one of the best dynamic downscaling tools
developed at the Met Office Hadley Centre which is based on the atmospheric component of the
HadCM3. When compared to other models over the different regions of Nepal, PRECIS-ECHAM5 and
HadCM3 model performance can provide reasonable mean and variance values after bias correction for
rainfall, maximum and minimum temperatures. The base reference years used to build the projected
climatic condition were from the years 1970-2000 (Nepal Climate data portal user manual, DHM,
www.dhm.gov.np/dpc). The past (observed) climate condition and the projected climatic conditions are
henceforth termed OC and PCC respectively.
Daily solar insolation (peak sunshine hours) data exists only for the Pokhara airport station in the CHAL
region, and hence this daily solar insolation data has been used for the model simulation for all sites
selected from CHAL. Solar insolation has been kept constant for the past and projected scenarios. Where
the missing values exist for the climatic factors, the monthly means of the climatic variables Tmin/Tmax/
Rmean / solar insolation were added. When monthly solar insolation values are missing the monthly mean
of the previous or subsequent year was used for the interpolation. Daily solar insolation was converted
to solar radiation for the model input.
2.8

Model simulation regions

While the study aimed to focus on the vulnerability assessment of the major tree species in Hill Sal and
Subtropical Broadleaf forests in 16 districts of CHAL and identify resilient species that can adapt to
projected climate change conditions, past and projected climate data for temperature and precipitation
were not available in two districts; hence the study covers the 14 districts with data. Details of the districts
and weather stations used in the study are provided in Table 3.
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Table 3 Weather stations from CHAL used for the TACA-GEM simulation
SN

District name

Weather station

Latitude (deg min)

Longitude (deg min)

Altitude (m)

1

Baglung

605

2816

8336

984

2

Beni

609

2821

8334

835

3

Kushma

614

2813

8342

891

4

Tansen

702

2752

8332

1067

5

Dumkauli

706

2741

8413

154

6

Kanchikot

715

2756

8309

1760

7

Tamghas

725

2804

8315

1530

8

Syangja

805

2806

8353

868

9

Gorkha

809

2800

8437

1097

10

Pokhara

811

2807

8407

856

11

Khairenitar

815

2802

8406

500

12

Rampur

902

2737

8425

256

13

Hetauda

906

2725

8503

474

14

Nuwakot

1004

2755

8510

1003
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Species selection

Germination experiment under different temperature regimes (20°C,
25°C and 30°C) and dark condition (ISTA1 2011)

Statistical model (non-linear regression model)
Germination vs. GDD

Optimization of species-specific parameters and
germination response function

Calibration of TACA-GEM

Species degree of germination and establishment
probability under climate change conditions

Species vulnerability and future abundance

1

Fig. 2 Diagram of the methodology adopted for this study

1

ISTA: International Seed Testing Association
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Monthly mean maximum and minimum temperatures of the past and projected climate show that
Dumkauli and Rampur have similar climate conditions with higher temperature than the other sites (Table
4). Climate was colder in Kanchikot and Tamghas under the past and projected conditions. Highest
rainfall under the past and projected conditions was found in Pokhara. The lowest rainfall was in
Gorkha,Beni and Tansen under past conditions; however, rainfall remained lowest in Tansen but
increased in Gorkha and Beni under projected conditions (Table 4).
Table 4 Monthly mean maximum and minimum temperatures (Tmax and Tmin, ͦC) and monthly mean of
total precipitation (PCP, mm) of past climate (OC, ten years) and projected climate (PCC, 2030-2061) of
fourteen stations, CHAL region
SN

OC average of 10 years
Site

PCC average of 2030-2061

Tmin

Tmax

PCP

Tmin

Tmax

PCP

1

Baglung

14.52

28.82

175.8

15.82

27.37

167.42

2

Beni

14.38

25.69

144.29

14.82

26.33

152.13

3

Kushma

15.42

28.23

219.39

16.07

27.34

198.75

4

Tansen

15.16

24.55

149.17

17.63

27.87

146.73

5

Dumkauli

18.67

30.64

208.68

19.77

31.51

192.53

6

Kanchikot

12.79

20.22

162.77

15.4

24

156.22

7

Tamghas

12.42

22.3

167.68

15.49

25.37

165.87

8

Syangja

14.6

27.59

224.65

15.49

27.67

257.08

9

Gorkha

16.02

26.22

134.84

16.64

26.85

168.51

10

Pokhara

14.72

26.83

313.35

16.57

27.65

307.54

11

Khaireni

16.7

28.74

206.8

16.85

28.4

199.22

12

Rampur

17.95

30.98

161.07

18.95

31.06

178.55

13

Hetauda

16.66

29.79

203.99

16.63

30.54

201.82

14

Nuwakot

16.32

26.77

167.92

15.14

26.14

196.03

3.2

Germination experimental result

Germination tests were carried out for all 14 selected species. Germination occurred in six species: A.
procera, A. nepalensis, A. cordifolia, B. ceiba, E. camandulensis and S. robusta (Plate 1) under the
laboratory conditions. For all the other species, germination regression functions were derived from
previous germination studies. The literature used to derive germination regression functions is given in
Table 2a and Table 2b.
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Plate 1 Glimpses of the germination experiment with the selected species
Non-linear regression modeling identified significant relationships between GDD requirements and the
initiation and cessation of germination. The resultant models showed that within the tested species A.
procera, E. camandulensis, D. sissoo, Q. semecarpifolia and S. robusta have narrow germination
windows; in spite of this, these five species demonstrated greater germination success. The widest
germination window was demonstrated by T. grandis and L. speciosa; however, germination rates were
lower for these species compared to the other tested species (Fig. 3).
The TACA-GEM model used the germination experimental data where seed germinated at a given GDD
sum was regressed against GDD. The cumulative response function derived in the model enabled
germination to occur at variable rates and times of the year, relying on the variable temperature and
moisture throughout the year. This degree of germination probability response of the model output helped
in the assessment of the vulnerability of the species.
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A. catechu
A. procera
A. cordifolia
A. nepalensis
B.ceiba
D. sissoo
E. camandulensis
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25

20

15

15

10

10

5

5

0

0
0

200

400

GDD

600

L. speciosa
M.azederach
Q. semicarpifolia
S. wallichii
S. robusta
S. cumini
T. grandis

0.34≤r2≤0.73

800

0

200

400

600

800

GDD

Fig. 3 Germination polynomial regression model prediction of germination percentage for fourteen species. Significance level for r2 is P≤0.05, GDD, growing
degree days

35

Vulnerability Assessment of Hill Sal and Subtropical Broadleaf Forest Trees of Nepal
Report

3.3

Final

General responses of the species

Each species exhibited unique germination and establishment responses influenced by site-specific
climatic conditions. The TACA-GEM modeling shows that germination probability of A. procera, D. sissoo,
E. camandulensis, Q. semecarpifolia and T. grandis was not adversely affected by the projected climatic
conditions in the 2060s across all fourteen sites, and increased for some of these species (Figs. 4-10).
The projected climate conditions by the 2060s across Baglung, Dumkauli, Kanchikot, Tamghas and
Rampur benefitted germination of all the species. Germination probability of most of the species was
affected by the projected climatic conditions of Syangja.
The modeling results demonstrate that the projected climatic conditions may have more of an impact on
the establishment potential of most of the species than on their germination (Figs. 4-10). Under projected
climatic conditions, establishment of most of the species declined in Syangja. Establishment results were
very variable (about half the species declining and others increasing) in Nuwakot, Tansen, Gorkha and
Pokhara. Although germination potential was enhanced for all the species in Dumkauli and Rampur, the
establishment scores exhibit low establishment potential under past climatic conditions and zero
establishment for many under projected climatic conditions, indicating vulnerability of the species at both
these sites. T. grandis exhibited enhanced germination capacity under projected conditions by the 2060s
across all the sites; however, establishment failure in all sites indicates the species’ constraints for
present and future recruitment.
3.4

Site specific species response

Baglung: Projected climate change benefitted the germination of all the species across this site. The
establishment results demonstrate that establishment potential of all the species increased with projected
climate change except for a small decline for A. nepalensis, E. camandulensis and M. azedarach (Fig.
4). Although the germination potential of Q. semecarpifolia and T. grandis did not decline with the
projected climate change in the 2060s, absence of establishment under the past and projected climate
for these species may indicate that they will not perform well in this site.
Beni: Increased germination probability for all the species except L. speciosa indicates that change in
climatic conditions may benefit germination at this site. However, decrease in establishment potential of
A. nepalensis, Dalbergia sissoo, E. camandulensis, M. azedarach and Q. semecarpifolia may negatively
affect their recruitment potential under the projected climatic conditions (Fig. 4). Establishment of T.
grandis failed in both time periods.
Kushma: Generally, germination and establishment was favored by the projected climate at this site with
the exception of a small decline in germination probability for A. catechu and A. nepalensis. The projected
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climate change benefitted establishment for all the species except A. procera, A. nepalensis and S.
robusta which exhibited a small decrease (Fig. 5), and Q. semicarpifolia and T. grandis which failed to
establish in both time periods.
Tansen: Projected climate change by the 2060s benefitted the germination of all the species at this site
except for A. cordifolia. However, four of the tested species exhibited establishment decline under the
projected climate change; two failed to establish in either time period.
Dumkauli: Modeling results showed that projected climate change improved the germination of all
fourteen species at this site, or enabled it to remain high. However, establishment potential was at risk
under past and projected climatic conditions for all the species except A. procera and L. speciosa; they
demonstrated increased establishment under the projected 2060s conditions (Fig. 6).
Kanchikot: The projected climate conditions by the 2060s increased germination and establishment
probability of all the species at this site with exception of Q. semecarpifolia which exhibited establishment
decline, and T. grandis which had zero establishment in both time periods (Fig. 6).
Tamghas: Germination potential increased across all the species under the projected climate change at
this site. Although establishment potential increased for most of the species, there was a marked decline
in establishment potential for A. nepalensis, E. camandulensis and especially for Q. semecarpifolia. T.
grandis had zero establishment in both time periods (Fig. 7).
Syangja: Results indicated greater adverse climate change impacts on both germination and
establishment potential at this site. There was a decrease in establishment potential for all the species
except A. catechu, A. procera, L. speciosa and S. robusta. Moreover, there was a decline in both the
germination and establishment potential for A. cordifolia, A. nepalensis and S. wallichii under the
projected conditions. T. grandis and Q. semecarpifolia had zero establishment in both time periods (Fig.
7). This may be due to the projected rise in rainfall.
Gorkha: Germination probability increased or remained high for all the species except A. cordifolia and
A. nepalensis. Establishment potential under projected climate conditions benefitted A. catechu, A.
procera, A. cordifolia, L. speciosa, S. wallichii, S. cumini and S. robusta (Fig. 8).
Pokhara: Unlike all the other sites a sharp decrease in germination probability was exhibited by A.
catechu under projected climate change for this site. Compared to the past climate the establishment
potential of A. nepalensis, E. camandulensis and M. azedarach were at risk under the projected climate
conditions (Fig. 8).
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Khairenitar:There was a small decrease in germination of B. ceiba, L speciosa, M. azedarach and S.
wallichii, and establishment probability of A. procera, L. speciosa and S. robusta at this site. However,
zero probability of establishment exhibited by some of the species under past and projected condition
may put recruitment of these species at risk (Fig. 9).
Rampur: Similar to Dumkaluli, under the projected climate conditions germination of all the study species
benefitted or remained high. However, the projected conditions only benefitted the establishment of A.
procera; establishment of all the other species declined or remained at zero (Fig. 9).
Hetauda: Projected climate change favored germination of all the species with the exception of A.
cordifolia, A. nepalensis and S. cumini.The establishment probability also increased for several species
except A. catechu, A. procera and S. robusta which decreased; and three species which remained at
zero (Fig. 10).
Nuwakot: Germination of all the species benefitted or remained high with the projected change except
A. catechu, S. wallichii and S. cumini. However, establishment decline under projected conditions was
exhibited in six species at this site: A. catechu, A. procera, L. speciosa, S. wallichii, S. cumini and S.
robusta (Fig. 10). T. grandis failed to establish in either time period.
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Fig. 4 Germination and establishment probability of fourteen species in Baglung and Beni in CHAL under past (OC) and projected (PCC) climate condition
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Fig. 5 Germination and establishment probability of 14 species in Kushma and Tansen in CHAL under past (OC) and projected (PCC) climate condition
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Fig. 6 Germination and establishment probability of 14 species in Dumkauli and Kanchikot in CHAL under past (OC) and projected (PCC) climate condition
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Fig. 7 Germination and establishment probability of 14 species in Tamghas and Syangja in CHAL under past (OC) and projected (PCC) climate condition
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Fig. 8 Germination and establishment probability of fourteen species across Gorkha and Pokhara of CHAL region Nepal under past (OC) and projected (PCC)
climate condition
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Fig. 9 Germination and establishment probability of 14 species in Khaireni and Rampur in CHAL under past (OC) and projected (PCC) climate condition
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Fig. 10 Germination and establishment probability of 14 species in Hetauda and Nuwakot in CHAL under past (OC) and projected (PCC) climate condition
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The study demonstrated spatial variation in species regeneration response. In general, an increase in
germination probability under the projected climate conditions indicates that the germination phenology of
most of the species is not vulnerable to climate change across the sites. However, there were a few
exceptions that could affect future species abundance and distribution. For example, a marked decrease in
germination of A. cordifolia in Tansen and A. catechu in Pokhara could result in these species declining in
these areas in the future.
Results showed that species establishment may be more vulnerable in the warmer parts of the study area
than in the cooler ones, under projected climate conditions. For example, low establishment potential and
failure of establishment of most of species under the past and the projected climate conditions in the warmer
sites of Dumkauli and Rampur suggest that the studied tree species may become more vulnerable to climate
change in these sites in the future. While most species exhibited germination success, failure to establish
could result in decline of species recruitment, ultimately affecting forest species composition, especially in
the Dumkauli and Rampur areas which have higher temperature conditions than the other study sites.
Although precipitation is not lower at these sites, high temperature conditions leading to increased
evaporation could result in dry soil conditions, affecting species establishment and physiological functions
(Fennessey 1994; Falloon and Betts 2010).
Results showed that projected future spatial climatic conditions had a larger effect on species establishment
success than on germination; and that germination success does not always result in establishment success.
Projected spatial climatic pattern that limits species regeneration and recruitment is a key issue that is likely
to affect future species abundance and forest composition. Therefore, the future spatial climatic pattern and
its impacts must be given strong consideration, and climate adaptation planning at regional scale should be
strengthened (Tao et al. 2008). Initiatives should be taken to prioritize climate adaptation with a focus on
vulnerable regions (Venkateswarlu and Shanker 2009).
4.2

Species germination and future recruitment risk

Germination and establishment represent a high-risk transition phase (Meyer et al. 1997; Cochrane et al.
2011) where environmental conditions (Baskin and Baskin 1998) are strong drivers ultimately affecting plant
species abundance (Kapoor and Ramakrishnan 1973; Meyer et al. 1990). Germination and establishment
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decline may result in lower seedling recruitment and seed production. Therefore, the varying germination and
establishment responses that species show in relation to the environment may assist with future prediction
of species abundance (Baskin and Baskin 1988; Walck et al. 2011). For this study, the regeneration and
establishment response displayed by the species under varied climatic conditions helped in determining the
risk of the individual tree species to projected climatic conditions.
Generally, the species in the study were able to maintain or increase germination under the projected climate
change; however, establishment declined or failed for some of them. The regeneration and establishment
response displayed by A. procera suggests that this species may maintain its recruitment and expand its
distribution in tropical as well as in the subtropical forests of CHAL in the future. Of all the species in the
study, A. procera exhibited greater probability of future establishment in the warmer regions like Dumkauli
and Rampur which suggests that higher temperatures leading to limited soil moisture may not affect its
establishment. Hence, in the warmer areas of CHAL where this species co exists with A. catechu, D. sissoo
and T. grandis its abundance may increase with projected climate change in relation to the three other
species. Similarly, L. speciosa is a plant of the moist, lowland tropics and subtropics and is found at lower
elevations (www.ecocrop.fao.org). In the study, like A. procera, it exhibited increased or continued high
recruitment in the warmer areas of CHAL with projected climate conditions.
Although T. grandis exhibited germination success under both past and projected climate, failure to establish
in past or future climate, in Dumkauli and Rampur, suggests that planting of this species may not be
successful across the study sites. Teak is ranked as a high priority species in many countries (Kaosa Ard
1985). Teak forest has been diminishing year after year (Gavinlertvatana 1998) and teak planting programs
are limited to a small or medium scale in many countries (Kaosa Ard 1985); where teak is grown as an exotic
species, its planting fell sharply from 11% in 1980 to 5% in 1990 (Kaosa Ard 1985). In Nepal, teak plantations
have been established in the Bhabar Terai and Terai zones but except for one, the plantations have been
rather disappointing (www.forestrynepal.org). Therefore, good T. grandis plantation sites are not very
common in Nepal, maybe due to unsuitable environmental and edaphic site conditions
(www.forestrynepal.org). The distribution of teak is largely controlled by rainfall/soil moisture, temperature,
light, geological formation and soil conditions (Kaosa Ard 1985). As this study found, establishment is the
main constraint in teak plantations; it relies heavily on three main factors: quality of plantation site, quality
and quantity of planting materials, and silvicultural management (www.fao.org/docrep).
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Acacia catechu, B. ceiba and D sissoo also occur in tropical and subtropical forests in CHAL. However, unlike
A. procera the establishment response of these species suggests that they may not perform well in a warmer
tropical climate but may continue to thrive in subtropical conditions. Our study thus indicates that the warmer
climate projected in Dumkauli and Rampur may not be suitable for their regeneration and recruitment, but
they may become more prevalent in subtropical forests where the temperatures are lower. Comparing the
projected performance of the three species, warmer conditions are likely to be more harmful to the recruitment
success of B. ceiba and D sissoo. In the cooler sites of subtropical forests of CHAL (Nuwakot, Tamghas,
Kanchikot) B. ceiba and D sissoo may be more prevalent than A. catechu. The occurrence of A. catechu may
become more probable at the sites of the subtropical forests of CHAL where climate is moderate i.e. neither
too cold nor too warm under the projected change. A. catechu is currently widespread in Terai, the tropical
region of Nepal, and also grows freely on the high gravelly terraces of the Seti River near Pokhara at a
considerable elevation above the water level (www.forestrynepal.org). This study projects its future
occurrence near Pokhara and in the warmer tropical and subtropical forests with projected climate conditions.
On the other hand, B. ceiba and D. sissoo are currently commonly found in both the tropical and subtropical
regions (US Forest Service PIER 2007; Joshi 2010); therefore the response exhibited by these species in
the study, with likely expansion to the cooler sites in the subtropical forests of CHAL under the projected
climate change, can be explained.
Generally, E. camaldulensis coexists with D. sissoo in the Central Bhabar-Terai area (Hawkins 1987). E.
camaldulensis is a major agroforestry species in the country (www.forestrynepal.org). Its establishment
decrease in most of the sites suggests that this species may not perform and establish well under the
projected climate conditions in the warmer tropical/subtropical forests of CHAL, with consequences for
agroforestry here. However, with more than 50% establishment success in the colder sites (Kanchikot,
Tamghas and Nuwakot), results suggest that this species may maintain its abundance in those parts of the
landscape. Although E. camaldulensis is a plant of arid and semi-arid areas it has a high evapotranspiration
rate and greater water intake than D. sissoo (Zahid and Nawaz 2007), which suggests that under drier
conditions of climate change, the distribution of this species could be more restricted than that of D. sissoo
in the CHAL forests. However, D. sissoo could become more prone to disease/pests (Neupane 2009).
In the Terai and Bhabar areas S. robusta is associated with A. cordifolia, S. cumini, B. ceiba and A. catechu;
in hilly areas it is associated with L. parviflora and A. cordifolia (Gautam and Devoe 2006; Paudel and Sah
2013). The response exhibited by S. robusta in this study suggests that while there is no germination
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constraint under projected climate change conditions, its establishment and hence distribution could be
negatively affected in the warm tropical regions of CHAL forests (Dumkauli, Rampur) compared to its
associated species A. catechu. In addition, cold conditions under the past and projected climate also posed
a challenge for its establishment (in Kanchikot and Tamghas) that may limit its recruitment and distribution in
the colder areas of the subtropical forest of CHAL, though there was a slight increase in establishment in
these sites under the projected conditions. This study thus demonstrates that there are recruitment
constraints for S. robusta with climate change in the warmest parts of the study area. Other studies also
suggest that regeneration at the base of the Himalaya is often unsuccessful for S. robusta (Troup 1921, Rao
and Singh 1985) as high mortality and natural regeneration constraints are widespread (Garkoti et al. 2003).
A study conducted by Singh (2014) demonstrates that although S. robusta seeds germinate profusely the
rate of seedling establishment and conversion of seedlings into trees is very low, which could reduce
abundance. Several factors have been implicated in the lack of regeneration of S. robusta, the major one
being post-recruitment drought which leads to establishment failure (Bhatnagar 1961). With increasing
climate variability in the future, the incidence of droughts is likely to increase (Shrestha et al. 2015). Apart
from drought, other factors apparently responsible for S. robusta regeneration failure include: heavy rain
resulting in inadequate soil aeration during the monsoon; soil compaction especially during dry periods;
unfavorable topographic location; and the presence of organic matter such as dead leaves (Sharma et al.
1985; Troup 1986). More intense rainfall with increased climate variability (Shrestha et al. 2015) could
exacerbate the problem of soil aeration during the monsoon.
Similar to S. robusta, the responses displayed by A. cordifolia and S. cumini suggest that their already low
recruitment potential may decline in the warmer sites in CHAL under the projected conditions. A. cordifolia is
associated with S.robusta and S. cumini in both the plains and the hills of Nepal (Gautam and Devoe 2006;
www.forestrynepal.org) and under the projected conditions in the cooler areas of places like Kanchikot and
Tamghas results suggest that A. cordifolia’s abundance may likely increase relative to S. robusta and S.
cumini. However, at the sites where climate is moderate, S. robusta and S. cumini may be more abundant
than A. cordifolia in the future.
Schima-Castonopsis and Alder (Alnus nepalensis) are the major forests of the subtropical zone (Chaudhary
1998). This study shows that projected climate change could benefit the distribution of S. wallichii and extend
its distribution. However, it may be limited by future climate change in the warmer areas of CHAL. A study
conducted in the Thotne Khola Community Forest in Kaski supports this finding; it identified that higher
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temperatures coupled with delayed rainfall and drought, likely due to climate change, resulted in the death of
S. wallichii plants (Alamgir et al. 2014). A. nepalensis and M. azedarach often grow in parts of SchimaCastonopsis forests (Chaudhary 1998; Alamgir et al. 2014; www.forestrynepal.org). It is likely that S. wallichii
will have a wider distribution than the former species with the projected climate conditions of the 2060s. A.
nepalensis has a wider range of site tolerance than its natural distribution would suggest
(www.factnet.winrock.org). However, this study suggests that recruitment constraint more than germination
may restrict future distribution of A. nepalensis across most of the CHAL sites, indicating greater climate
vulnerability compared to M. azedarach.
S. wallichii. is sometimes associated with Betula and Quercus species (Schmidt et al. 2004). While the
distribution of S. wallichii may not be much affected by the projected climate change, the likely recruitment
failure of Q. semecarpifolia in the warmer and the colder areas of the subtropical CHAL forests suggests that
it may decline compared to S. wallichii. Studies suggest that although Oak (Quercus) forests are considered
to be established and climax communities, Q. semecarpifolia is at high risk of extinction in its natural habitat
(Singh and Singh 1992; Bisht et al. 2011, 2012, 2013). Short-term seed viability, low regeneration and
establishment potential, and climate change pose threats to this species (Bisht et al. 2011, 2012), making it
vulnerable and threatened (Bisht and Kuniyal 2013). The response displayed in its natural habitat supports
the findings of the study and there is high risk that the species may disappear in the future.
4.3

Species resiliency and adaptation

Species demonstrating a wider regeneration niche than the existing one may have a larger degree of plasticity
that helps them adapt to changing climate conditions (Aitken et al. 2008; Cochrane et al. 2011). In this study
A. procera and L speciosa displayed a wider degree of plasticity to warmer climate which may enable them
to persist and adapt to climate change in the lowland tropics. This plastic character was generally lacking in
the other species studied, putting them at risk in the warmer parts of the CHAL forests under projected 2060s
climate conditions. Thus A. procera and L speciosa can be considered resilient species suitable for future
planting in the warmer areas of CHAL. However, the distribution of these species may not extend in the colder
areas of CHAL by the 2060s; hence they are still vulnerable in the colder region of CHAL forests.
This study suggests that T. grandis and Q. semecarpifolia may not perform well under the projected climate
change conditions across the tropical and semi-tropical CHAL forests. They can be considered the most
vulnerable species in this study. Teak plantation in Nepal has not been successful in the past
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(www.forestryneapl.org). Q. semecarpifolia forests are at risk due to regeneration constraints and climate
change (Bisht and Kuniyal 2013).
Generally, most of the species (A. nepalensis, A cordifolia, A. catechu, B. ceiba, D. sissoo, E. camandulensis,
M. azedarach, S. wallichii, S. robusta, S. cumini) in the study exhibited enhanced germination in colder areas
of the subtropical forests in the landscape which suggests that these species may perform well here in the
projected climate conditions in the 2060s. This finding also suggests that although most of the species
currently occur in low subtropical and tropical forests it is likely that their ranges may shift in the future,
expanding their distribution northwards. Distributional shift due to climate change has been demonstrated
by many studies where tree establishment has increased in subalpine and in tree-line stands, and in many
regions young trees have established at elevations or latitudes beyond the former tree line (Hughes 2000;
Parmesan and Yohe 2003; Chuine 2010).

5.

CONCLUSION

This study provides some primary insights on how projected spatial climatic conditions may affect species
germination and establishment probability, which in turn can help to identify species vulnerability to climate
change. Results demonstrated that the germination and establishment potential of 14 priority timber species
from the Hill Sal and Tropical/Subtropical Broadleaf Forests in the Chitwan-Annapurna Landscape are likely
to change with projected climate change, but results were not uniform across the species. There is likely to
be a greater adverse impact on recruitment of most of the species in the warmest areas in CHAL such as
Dumkauli and Rampur, with the exception of A. procera and L. speciosa which exhibited a high degree of
plasticity to germinate and recruit in these areas under the projected future conditions. On the other hand,
establishment failure of Q. semecarpifolia and T. grandis suggests that these species are vulnerable to
climate change throughout the two forest types.
Germination and establishment are key phases in a plant’s life cycle; they affect species regeneration and
recruitment, influencing a species’ ability to adapt to changing climate conditions, and hence its distribution
and abundance in space and time. This in turn will affect forest composition in different parts of the CHAL
forests in the future as climate change advances. However, this aspect of tree species’ response to climate
change has received very little attention in the development of climate adaptation strategies for management
purposes. Little is also known about the effects of climate change on other phases of plant development,
including growth and flowering responses. Further research is needed on all of these stages to better
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understand and strengthen prediction of future spatial climate impacts on CHAL forests, and results should
be applied in climate adaptation planning at regional scale as well as in individual forest management plans
to ensure that they are climate-sensitive. Since the lifespan of a tree covers many decades, decisions made
now about which tree species to grow in a given site will have long-term consequences.
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APPENDIX 1: Inception and Consultation Workshops

Inception Workshop Sites
This study mainly focuses on the climate change vulnerability of timber trees of Hill Sal and Subtropical
Broadleaf forests. Kawasoti, Nawalparasi and Hetauda, Makwanpur, representing both forest types, were
selected as sites for awareness raising and consultation with stakeholders and the local community, in order
to refine the species list for the study.

Plate Ap-1 Inception workshop held in Hotel Nawalpur, Kawasoti, Nawalparasi
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Plate Ap-2 Inception workshop held in Hotel Samana, Hetauda, Makwanpur

Inception workshop programs
In the inception workshops a presentation was made to raise awareness of climate change and its impacts,
and outline how this study could be useful for selection of timber tree species for future planting in light of
climate change. The brief discussion that followed helped in modifying and finalizing the proposed list of
species. Subsequently, seed collection was carried out.
The power point presentation highlighted climate change and its impacts on Hill Sal and Subtropical Broadleaf
forest trees in CHAL, noting that climate change may not affect all species to the same degree. Since some
species may not be vulnerable to projected climate change, the existing vegetation pattern could change.
The workshops then mainly addressed the key issue of how to assess the vulnerability using the regeneration
(germination and establishment) response of the tree species to projected climate change scenario.
Regeneration is the most crucial stage in the life cycle of plants that is most sensitive to environmental
conditions. The presenter explained the regeneration vulnerability assessment approach and the tools that
would be used during the project. A flyer was distributed to participants explaining about this study, its aim,
methods and outputs.

64

Vulnerability Assessment of Hill Sal and Subtropical Broadleaf Forest Trees of Nepal

Final Report

Consultation workshop program
Following each inception workshop, a consultation workshop was conducted on the same day at the same
site. The main scope of the discussion was to modify and finalize the list of species proposed for the
regeneration study. Discussion was held on the existing timber tree species at the site, tree species that are
prioritized for plantation and likely to be planted in future, whether the proposed list of species met
participants’ requirements, and any additional species that should be included in the study. The discussion
was also used to weigh the practicality of this study by questioning participants’ willingness to consider
planting the species that would be suggested by the study’s results (detail provided in Table Ap-1). This
discussion also helped in gaining information for seed collection.
The consultation workshops and discussion recommended inclusion of the following timber tree species
(seed availability being one of the conditions). While Cinnamomum tamala (Tejpatta) was recommended, it
was not included in this study as it is not used for timber (Chaudhary 1998). For Terminalia chebula (Harro)
and Terminalia bellirica (Barro), as the seed germination would take a long time (they only initiate a month
after sowing and may take 3 months to complete germination (Hossain et al. 2005)) these species were
dropped from the germination experiment.
15. Tectona grandis (Teak)
16. Dalbergia sissoo (Sisso)
17. Terminalia chebula (Harro) (not selected for this study)
18. Terminalia bellirica (Barro) (Initially proposed but not selected for this study)
19. Albizia procera (Siris) (Initially proposed species)
20. Cinnamomum tamala (Tej patta, Dalchini) (not selected for this study)
21. Eucalyptus camaldulensis (Mashala)
22. Bombax ceiba (Simal) (Initially proposed species)
23. Acacia catechu (Khair)
24. Adina cordifolia (Karma, Haldu)
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Table Ap-1: Consultation workshop discussion topics and outputs
SN
1

Questions
Major tree species in
both the areas

2

Important timber
species of both areas

3

Prospective plant
species for future
plantation
Ability of the selected
species to meet the
local requirement of
timber

4

5

Willingness to
consider plantation of
the species suggested
by the study outcome
in future

6

Seed Collection
Resources
Person/Organization

Answers
Sal (Shorea robusta), Saj (Terminalia alata), Teak (Tectona grandis), Sisso
(Dalbergia sisso), Khayar (Acacia catechu), Peepal (Ficus benjamina), Tejpatta
(Cinnamomum tamala), Harro (Terminalia chebula), Barro (Terminalia bellirica),
Masala (Eucalyptus sp.), Litchi (Litchi chinensis), Bakaino (Melia azedarach),
Kutmero (Litsea polyantha), Badahar (Artocarpus lakoocha), Jamun (Syzygium
cumini), Fadiar, Sallo (Pinus roxburghii), Lakuri (Fraxinus floribunda), Utis (Alnus
nepalensis), Ipil Ipil (Leucaena leucocephala), Khamari (Gmelina arborea),
Sandan (Desmodium oojeinense), Khanayo (Ficus cunia), Nimaro (Ficus
rosenbergii), Bar (Ficus bengalensis), Karma(Haldu) (Adina cordifolia), Chanp
(Michelia champaca), Kabhro (Ficus lacor), Aanp (Mangifera indica), Katahar
(Artocarpus heterophyllus), Simal (Bombax ceiba), Okhar (Juglans regia),
Bhalayo (Semecarpus anacardium), Chilaune (Schima wallichii), Chiuri (Aesandra
butyracea), Ashok (Saraca indica), Amala (Phyllanthus emblica), Katus
(Castanopsis indica), Baanjh (Quercus lanata), Khasru (Quercus semecarpifolia),
Falant (Quercus lamellosa), Tatari (Dillenia pentagyna), Lapsi (Choerospondias
axillaris), Kapur (Cinnamomum camphora), Satisal (Dalbergia latifolia), Kalo Siris
(Albizia lebbeck), Seto Siris (Albizia procera), Bijay Sal (Pterocarpus marsupium),
Bel (Aegle marmelos)
Sal, Saj, Sandan, Karma(Haldu), Chilaune, Sisso, Siris, Teak, Champ, Harro,
Barro, Utis, Khamari, Bakaino, Lapsi, Simal, Masala, Jamun, Katus, Khasru,
Salla, Aanp, Bijaya Sal, Sati Sal, Katahar, Lakuri, Simal, Khayar
Lapsi, Kapoor, Bakaino, Chiuri, Sisso, Peepal, Teak, Simal, Sal, Saj, Khayar,
Jamun, Aanp, Utis, Chilaune, Sallo, Lakuri, Badahar, Katahar, Chanp, Khamari,
Kyamuna, Harro, Barro, Sandan, Chiuri, Karma(Haldu), Masala
Majority of respondents believe that the selected species can meet the local
requirement however their preference is to plant species with multiple uses.
Some respondents showed their choice for the species which can promote
ground water recharge as a must need for conservation of Chure area.
The challenge is also to find the areas for plantation because some of the
respondents said that they do not have barren lands in their forest for future
plantation.
Depending on the economic value of the species being suggested. People are
willing to plant species with quicker economic return (time of maturity of the
selected species)
Also, the choice of the species will depend on the site conditions and the local
requirements
Some respondents are willing to go into further discussion on the potentiality of
the species (those are recommended by the study) being considered for the
future plantation once the study has been finalized
Chandika Lamichhane-Kawasoti Nursery Seed (9845109077)
Pushpa Raj Parajuli- Ban Biu Sahakari Sanstha Limited, Hetauda
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None of the participants are in practice of doing germination from seeds. We need
to contact nursery persons to find answer for this question.
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Consultation workshop outcome
The selection of the tree species for this study was based on the recommendations from stakeholders; seed
availability; and identification as important indigenous timber species recommended for afforestation program
in Nepal by Chaudhary (1998).
i. Species selected after the consultation workshop recommendation were:
1. Tectona grandis (Teak)
2. Dalbergia sissoo (Sisso)
3. Albizia procera (Siris) (Initially proposed species)
4. Eucalyptus camaldulensis (Mashala)
5. Bombax ceiba (Simal) (Initially proposed species)
6. Acacia catechu (Khair)
7. Adina Cordifolia (Karma, Haldu)
ii. Species selected from the initial proposed list of species (in proposal submitted to Hariyo Ban Program’s
Windows of Opportunity fund, WWF) of Hill Sal and Subtropical Broadleaf forests for which the seeds are
available and the experiment would be carried out:
Hill Sal forest
1. Shorea robusta (Sal)
2. Syzygium cumini (Jamun)
3. Lagerstroemia parviflora (Asare phool)
4. Bombax ceiba (Simal)
Subtropical Broadleaf forest
5. Alnus nepalensis (Utis)
6. Quercus semecarpifolia (Khasru)
7. Schima wallichii (Chilaune)
8. Albizia procera (Seto Siris)
9. Betula utilis (Bhoj patra) (B. utilis is a tree line species and inhabits 2700-4000m, hence Melia
azedarach (Bakaino) was considered instead of B. utilis)
(Species in bold text represent the species mentioned in both lists i and ii)
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Seeds were collected for the above-mentioned species. The seed germination experimental trial was carried
out for the vulnerability assessment of the above-mentioned species (i. List of species included after the
consultation workshop and ii. Initial proposed list of species, altogether 14 species).
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APPENDIX 2a List of the participants of inception workshop held at Kawasoti, Nawalparasi
SN
1
2

Name
Rajesh Prasad Koirala
Tol Nath Ghimire

3
4
5
6

Toya Nath Bhattari
Thakur Prasad Pandey
Pradip Budathoki
Jhabbi Lal Rana Magar

7
8
9
10
11
12
13
14
15
16

Indra Prasad Adhikary
Basanta Gautam
Dev Narayan Mahato
Chitra Dhar Ale
Shiva Lal Gaire
Hemkala
Surendra Ranapal
Doman Bhandari
Devi Datta Kandel
D. B. Chaudhary

Organization
Kawasoti Nagarpalika
Jai Shri Community Forest User Group
(CFUG)
Ilaka
FECOFUN, Nawalparasi
Terai Arc Landscape - WWF
Mahabharat Biodiversity Conservation
Concern Society
Amaltari CFUG
Gundrahi Buffer Zone (BZ) CFUG
Chitwan National Park Office
Hariyo Ban Program-WWF
Nanda Bhauju CFUG
Mukundasen CFUG
Jatayu Restaurant

Address
Kawasoti-9
Gaindakot 4
Nawalparasi
Sauraha, Chitwan
Ghopadi-2, Nawalparasi
Rajahar-7, Ghuseri
Kawasoti-14
Kawasoti-15
Ghautale
Chitwan
Palpa
Kolhuwa-4
Gaindakot 10
Kawasoti

APPENDIX 2b List of the participants of inception workshop held at Hetauda, Makwanpur
SN
1
2
3
4
5
6

Name
Bishnu Prasad Neupane
Kedar Prasad Bartaula
Bishnu Prasad Bartaula
Rajesh Tamang
Ram Bahadur Rai
Gandhib Kafle

7
8
9
10
11
12

Raj Babu Pahadi
Bal Ram Adhikary
Sagir Hussain
Bal Ram Bal
Suresh Rumba
Laxmi Gautam

13
14
15

Binay Adhikary
Surendra Ranapal
Santa Bahadur Thing

Organization
Rani CFUG
Sundar CFUG
Chakra Devi CFUG
District Plant Office, Makwanpur
Piple Pokhara CFUG
Agricultural and Forestry Science
University
Institute of Forestry
FECOFUN, Makwanpur
District Plant Office, Makwanpur
Churiya Mai CFUG
Churiya Mai CFUG
Forest Heritage Users National
Federation, Makwanpur
CARE Nepal-Hariyo Ban Program
WWF, Nepal
Parsa Wildlife Reserve

Address
Chaughada, Hetauda-6
Chauki Tol, Hetauda-12
Hetauda-28
Dhankuta
Hetauda-5
Forestry Science Institution,
Hetauda
Hetauda
Aam Bhanjyang-1, Makwanpur
Hetauda
Hetauda-16
Hetauda-16
Hetauda-8
Purunchaur-6, Kaski
Tansen, Palpa
Makwanpur
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