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SUMMARY

Temperature rise due to climate changedtetb be strong in the Himalayan higldaddsexpected to lead to
agreateintensity of extreme weather events iAsiautitluding NeJdle warming rate is expected to be higher i
the mountains and the middle kilsaduntryhis witonsequently affect variousiseldte forestry, agriculture and

livelihoodsempactinghe economy

There is increasing evidence that globakbiamge is affecting spépiggsiology, phenology and distridhitoa.

is a growing trend of upimngnological (life cycle gvesponseof plants for climate changsmcassessment.
Germination and establishment are key ptreegdannlife cycle and eleselyelated to adaptation and distribution
patters of species. However, the overall impact of climate change on plant regargzBtibaemadglected.
Athoughsome models have been developed for assessing the impacts of climate change on plant reget
distributigrstudies that utilize regeneration phenological reapsesspecies vulnerability to climate casnge
rarein NepalTo heldill the gaphis studexploreshe effect of projected climate change on regeneration
establishment phenological respossieckdimber tree speciesheHill Sal and Tropical/Subtraproak#af
Foresinthe ChitwaAnnapurna LandscapdACyegion of Nepaking a forest vulnerability tool, a mectramistic
and climate assessmgarmination and establishment MAdAGEN. The study aims to identify regihener
species that cadaptto projected climate chaogeditionsand contribute to presiatiofuture abundance of the

selectedreespecies and thdistributioimtheCHAL, Nepal.

The TACAGEMdemonstratetthat patial variatiogxistsin species regeneration response. Although germinal
probability for most of the species generally inocstbeoprojected climatic condition makirof thetudysites

in CHALthere may be lower germination probalsiitpdaspecies. For example, marked decrease in germine
probabilitgf Adina cordifoliamder projected condition§ansen aniicacia catechin Pokhara may affect these
specie@composition and divetbigyanthefutureLow establishment padéatid failure of establishment of most o
species under the past and the projected adimdédtenacross the warnmsudysitesin CHAL (Dumkauli and
Rampur) suggest that these sites may become more vulnerable to climate distdgeshmientriilure at these
sitescouldresulin species recruitmeleclineultimately affecting species distribution acioepitta8ubtropical
Broadleaind Hill Sal forest®umkauli and Ramp@HAL.

Species specific regeneration andiskstedit response underowvarisimulatedimag¢ conditions helped in
determining the spea@tsskfromprojected clineatonditionsGenerallythe studied species were able to increase
germination under the projected climate; tloaveyerseedlingstablishment consistdiailgd for most of the
speciesAlbizigprocerandLagerstroemia specidisplayed a wider degree of plasticity and resdiermcyntgr
climate which mangan they will persist as they are betteraataptto changinglimate conditiomsthe lower
subtropical and tropical forests. Regeneration and establishment rEsgomse grindesnd Quercus
semecarpifolsaiggest thaf all the species studied, iy behe most vulnerable to projeti®adte change
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conditiong the tw&€HAL foresypes Generally, most of the spesiesi{ nepalensidina cordifglidcacia
catechiBombax ceil@ucalyptus camandulemathergia sissddelisazedaraglschima wallicl8horea robusta
andSyzygiumuminiexhibited enhanced germination and establishment in coldgbtaopasibfestsn CHAL
which suggests that these species may perform well under the projected climateh@gséeharg@s0ghe finding
also suggests theréksihoodhat these species may shift theisraorgjardnthefuture.

Thestudy in this littlesearched fials able to demonstrate that the germination and establishment potentiz
speciestudied may change under the projected cdindgtiensandtheirdivergent responses are likely to be
influenced by regional climatic condikiestsidy was successful in providing some primary insigptsjentadw
spatial climatic conditionaffagspecies germination astéblishment probabditgcouldchelp to identify spebies

vulnerability to climate change.



1. INTRODUCTION
1.1  Background

Global temperature is expected to riseh§ AClLby the 2100sergovernmental Panel on Climate QR& Qe
2013) More recent assessments indicate that temperature and precipitation changes will be greater the
bounds predicted by the IPCCs{&nit al. 201 Projections for aimeeraged seasonal surface air temperature ar
precipitation suggest a fatgnit increase in warming in South Asia (Christensen)ei\dr 20§ projected to
bestrongein the Himalayaiglilands including the Tibetan Plateau and the arid regions of Asia (Gaaitét al. 2(
changed precipitation patteoausinggummer drought and increatbee frequency and intensity of raitifil in
wet season (Gruza and Rankova 2004; Natsah)@0G® There is a significant risk that many of the trends \
accelerate, leading to extnemaheevents and to an increasing risk of abrupt or irreversible climatic shifts
2013).

Climate changeayadversly affectvarious sectors lfkeestryagriculture, livelihg@agl mangesourceaffecting

the econonmpAlamgir et.@014). Althouglintate changepacts angrevalerdacross the world (Munang et al. 2013)
theconsequences of climate chargpronounced in the Himalayan yegisingpiodiversigndecosystenoss
(Chaudhary and Bawa 2Maje tha@50milliorpeople living theHimalayan region depend on forests for the
livelihoagl(Chaudhary and Bawa 2DEpartment of Fore&id 2) Henceimpacts on biodiversity ezabystem

functioning directly affect forest user groups (Alag@firpnathe ountry's economy.

Nepal haa wide range dimate conditions and a correspondingly diverse series of vegetatgndiypes
tropicalorestgo higlaltitudéundraThe counthyas been divided itiiceemairnphysiographic regidagi(plains),

hills and ountainsThemountains and hills makabgut 83 percent of the avéhl7 percenetai (Karkez004).

It is reported that annual temperatures in Nepallay8.44{gn averageer decade (Shrestha et al.; POl
2005r\nd this warming rate is higher than the global average (Du et al. 2004; Baidyzeklirakl29§88)seem

to be warming several times more than the global averaggtmatet(&hrE999; Liu and @BeG)temperature
increases agreater during the winter and atitamnsummer; and threreases are largehigher altitudes (Liu
and Che@000)'he warmer climate is expected to lead to a higher intensity of extreme weather events in |
20145ince much of the coustnccupied by mountains andahidiege proportion of the country may be advers
affecteqSharma 201 TheNational Adaptation Program of Action (NAPA) shows that Nepal is extremely vuls
climate change impacts because it heavily depatgisbresources, particwatr, soils, and forelstsistry of
Environme2010) About 35 % of the population of Nepah{licfbouseholds) has been engaged in communii
forestry, dependingtbisactivity for their livelihoods and community dev@itipseptdEnvironmer010).
Climate change is threatening community forestry, for which impacts are likely to rharyredber thactors
(Alamgir et al 2014).



Climate changell alter the temperature, rainfall, radiation and humidity (Olesen ajcbBsatj28@R) changing
the natural biological systems of the world (IPCIh@@&LB).increasing evidencelthateehange is affecting
species physiology, phenology and distribution (Hughelse@o@@ical change is the change in the timing
developmental phasgdarts and animal$iere is a growing trend of using phenological response for climate
assessment (Chmielewski et al. 2004; Linderho@hr2@6parameters such as rainfall, temperature, humidity
solar radiation affect the vegetativepaoductive life cycle events of plants (Sapkota et al. 2010). Many studi
demonstrated that warmer temperature is the key determinant that alters the timing of phenological events
speciegsaffectingheirdistribution (Rawal ekll5)Many dominant forest species sushaiea robustQuercus
floribundand Quercussemecarpifolehow critical phenological eveEmtexampleseed maturati@and seed
germination coincide Wlith monsoon rainfallemperature rise and precipitation demlidedvance seed
maturatigmwhichcouldresult in the breakdown of the synchrony between seed gerrsiaattidrthanchonsoon
precipitation (Singh e2@1@). In wet conditions these specievahomg degrees of vivipary (germination of see
while they are still on trees). The problem with vivipary is that if a seed falls in an unfavorable plao®eor at a
(e.g. a rainless weelecruitmembay fai{Singh et a201@).This problemman beverypronounced in S8hférea
robusty partly because the seedsesadcitrant ahoke viability within7édays of harve€ih@itanya and Naithani
1998)In additigrphenological events like leaf exchange and flowering at the galdraf witttecline in winter
rainfalandincreasd evapotranspiration resulting from predigitedemperature, may deplete soil water reserve
This couldffect subsequent phenological events like germination aisd gybudtdofthelimitinghe distribution

of this speciestiretropical dry deciduous forest region (Singh 2014, Kushwa and Singh 2005).

TheMinistry of Environment, SciencesehdologfMoESY(2008) estimated that over 28% of the landwablepal
in degraded conditidocording to Bei al.(2008)degraddareas covered nearly 39% of the countryl @Bting
2003. Hill forests areey resource in the Nepadesaomy, providing fodder, timb&redwdodl@mrakar 2003).
Rural livelihoods in the hills of Nepal are directly linked with forestl¢osgyttarable pressiaess loss of
plant species and high levels of eresiolting in further lossadf nutrien{®\charya and Kafle 200Bgrefore

land degradation is a major challenge for economic and natural ecosygtdrasobREp&ITo overcome this
challenge the need to replant or develop commercial wood sources is urgent. As the evidence for global «
has increased, so has the concern over thediteinee aratiaptability of tree species (Willoughk®3087al
Cimate daptation programs that aid in the selection of resilient speciptafainfghaeld be encouraged and

implemented.

Forest composition depends on the regeneration of the species and their communities composing the fore
time BeniteMalvido 1998)laRt community structure and distribution in many natural ecosystems are
determined by tkpeciespecifidraits and physiological behavior (Pickett and White 1985; Lawes et al.
Germination and establishment nepteeeriticsages in th@ant life cycle tha¢related to adaptation, community

composition and distribution (Koller et al. 1962; Ross and Harper 1972; Boojh and Ramakrishnan 1981). H
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ons p e @daptigesstrategies anojectefuture distribution of tree species have receiviéehliithe @ozlowski
1971, 1979).

Phenological study can help in identifying the optimal species angleantigtipsctuainged climate conditions
(Chmielewski 2013). However, individual species response modeling is crucial for the aEsesssil@mtoaf Spe
to climate change. Phenological models are largely used to study the impact of climate change on natural
ecosystems (Chmielewski 2013). Planspéatfieemperature requireradefore they attain certain phenological
stagegRajput et al. 1987; Sikder 2008)rechanistic moddlsee and Climate Assessii&@A (Nitschke and
Hickey 200Ritschke and Innes 2008; Nitschke et ahrDTACASEM (Moét al. 2012) have been largssyl

to assess the vulnerability df gpecies to climate change, modelnegeheratiaesponsel ACAGEM (Mok et

al. 2012primarily utilizes species phenological paramgtersitigedegree da@®d(), base temperature, chilling
requirement, frost and drought to show the shift in species germination timigg(lRandeepadjected climate
conditions, and thus helps in the identification of vulnerable species.

Climatic factors likenperane and soil moisture are critical for seed ger(Biaskionand Baskin 19@8mate
warming may alter these environmentalindyesvent, delay or spegdthegermination processsultingn
germination phenologicasshifich catbnsequentiffect species composition and diversikyeVdi011)The
regeneration stage is expected to be more sensitive to clinegétrelpaagents a major bottleteecdcruitment
(Fay and Schultp09;Dalgleish et &010).Climate change chavea largeinfluence oplant regeneration,
recruitment, survigat diversitiveyer et al. 19%0lerandLambers 2008jowever, theverall impact of climate
change on plant regeneration hatabgelgneglectedHedhly et &009)Though some models have been develope
for assessing the impacts of climate change on plant regeneration and distribution (Nitschkdanédhnes 2!
2012Rawal et al. 2Q18tudiesn Nepahat utilize germination phenological response to identify species vulne
to climate changeerare Studie$ike this orarethus a novel approach in Napdlare urgently neettednodeig
vegetationlynamic® projedhe impact of climate change on plant diveshityan et &l992Morin andhuiller
2009.

The studgonducted by Thapa et al. {20di&ates thitrest types in tloetands and mid hill regio@BALmMay

be more vulnerable to climate change than the upper conifenaith fogetsbiodiversity lhysthe 2050s and
20804the study used the A2A scenario of high greenhouse gas Mosssibtis) forest are@ldALcomprises

Hill Sal, SubtioplBroadleaind TemperaBzoadledbrestsThe impacts of climate variability and climate change
people and biodiversity moerly understood in Cilvw.wwf.orghhis study therefaeplores the effect of
projected climate changeremeneratioand recruitmemhenologyf timber tree species of Hill Sal and
Tropical/SubtropiBabadledbrestn theCHAL regionsing dorest vulnerability toahexhanistic model TACA
GEM (Moékt al 2012Rawal et al. 20X5ningo identify resiligmbespecies that cadagptto projectedlimate
conditiong hestudyalsohelpsoredictuture abundance ofghaliedpeciesn CHAL.



1.2  Objectives
Thisstudyaims to assess thanerabiligf major tree spedieslill Sal andropicaBubtropicddroadledbrests of
CHAL and identify resilient spbeiesan adajt changingimate conditioietailedbjectives are

{1 Toinvestigate the extent to vaaledcteddill Sal an8ubtropic&droadledbrest species are vulnerable
to climate change

1 To explore haelectedill Sal an@ropicaBubtropicédroadledbrest speciese likely tmteract with
projected climatic conditibat may govern fladureabundnce othesespeciesn specifiaistrict of
CHAL_hence aidirigrest management /adaptation practice.

1 To provide a strong forest vulnerability assessment methodolagplfoatioture

2. METHODOLOGY

2.1 Study area

TheChitwa\nnapurna Landscape (CHAEptrednd westedepals knavn for its biodiversityis areancludes

all or part of 19 distrigetdrepresents an important sonth corridor that connects the Annapurna Conservation .
(ACA) andther protected areas in the north with Chitwan National Park(imtmasetdh 201%5hdandscape
includes Terai Duar Savanna and Grasslands, Subtropical Broadleaf Forests, Subtropical Pine Forest
Broadleaf Forests, Subalpine CBoifestsandAlpine Shrub and Mead@hsapa et .@05). The most climate
vulnerable forest types are likeStbbepicdroatbafandHill Sal forests CHAL(Thapa et al. 2QIBherefore

this study mainly focuses oHith#&l andsubtropicalropicaBroadleaf forest species of CHAL (Eigioh

The sibtropical forest zoeacheso an elevation of 12000 m. It comprises outer foothills, lower part of Mahabt
rangeandmidhillareas. Important forests of this zoSeranegCastanops{40061L700m), Chir pine (2000m)

and Alder forest (Z®0) (Chowdhary 1998). &dtfmay growda altitudef 1,500m ara the outer foothills it
constitutes the Hill Sal or Montane SaMagesticent stand$Saf forestill exigh western Nepilouglin eastern

and central Nepal these forests have suffered griatpirigpand felling (Chowdhary 1998).
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2.2 Species selection

Selection dhetree specigsomHill Sal and TropiSabtropic&roadledrestdor this studyasbasedon two
criteriaspecies classified as important indigenous timberespeamsnded for afforestation peoigravepal
(Chaudhary 199&amrakar 2002nd priority timber species recommersiekiebypldeduringhe incepticand
consultatiomorkshgmsome of which are not indigenousggerdix 1Appendix 2andAppendix 2p

The dllowing listas the resuetagddescriptiaof the specieseprovided ihable 1

Acacia cateclikihairfTropicadbubtropic8roadledbrest)
Adinacordifolidkarma, Hald(fjropical forest forest)
AlbizigorocerdSirisTropicaBubtropic@roadledbresy

Alnus nepalengidtis\Subtropic&8iroadledbrest)

Bombax ceil§§imaljHill Sal foréSubtropic@droadledbrest
DalbergiaissoqSissofTropicadubtropiciroadledbrest)
Eucalyptus camaldule(ideshala)Tropicebubtropic@droadledbrest)
LagerstroemspeciosélhulcAsare phodfjropical forest forest)

© © N o o0 bk 0DNPRE

Melisazedarac{Bakainqsubtropic@droadledbrest)
10. QuercusemecarpifolighasrujSubtropic@droadledbrest)

11. Schima wallict@hilaungYropicaBubtropiciroadledbreskt
11



12. Shorea robust&al)Hill Sal forestropicaéubtropic@droadledbrest
13. Syzygium cumfdamun{Hill Sal foredtropicaBubtropic@iroadledbrest)
14.Tectona grandiBeak]Tropical forest)
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Table Ecological description of the selected tree species

Species Climatic zone Optimal Absolute Optimal Rainfall ~ Altitude rang Early growth kil
Temperature  Temperature range (mmAyr (m) temperatureC)
rangeC) range°C)

Acacia cateclikihayen tropicalvet/dry, steppe or semiarid, subtropic 2535 7148 7002100 0i 1000 -1

winter

Adina cordifoliarmad tropicalvet/drand wet 2535 5147 800 2000 0i 800 0

AlbizigorocergSirisyf tropical wet/dry 2033 1045 15002500 0i 1200 -Af

Alnus nepalengidtisy tropical wet/dry, steppe or semiarid, sub 1326 4i 36 10002000 500 3000 -1

humid, temperate oceanic/continental, tempel
humid winters/dry winters

Bombax ceil§&imah tropical wet/dry, steppe or semiarid 2842 5149 7504000 0i 1500 -1

Dalbergia siss(®isso} tropical wet/dry, steppe or semiarid, subtrog 2640 550 5002000 0i 1700 -4
wintersubtropical humid

Eucalyptus camandulensis tropical wet/dry, steppe or semiarid, subtrog 1228 7140 600 1000 0i 1500 -8

(Masala) winter/summer, temperate oceanic

Lagerstroenmgpeciosa tropical wet/dry 1835 643 1200240G¢ 0400 1

(Thulasare phy#

MeliaazedaractBakain®) tropical wet/dry, Subtropical humid/dry sum 1630 8i 35 600 1000 0i 2000 -1
winter

Quercusenicarpifolia steppe or semiarid, temperate continental 1222 2i30 8002000 17003800 -1

(Khasruje

Schima wallicf@hilaune¥  tropical wet/dry 1230 5i 45 14003000 100G 240@ 0

Shorea robusfalp tropical wet/dry, subtropical dry withedry wintel 2834 747 15003500 752000 -1

Syzygium cumfdamunje tropical wet/dry, subtropical humid/dry sumr 2032 1248 15006000 0i 1806 -1
winter

Tectona grandiBeak} tropical welly, tropicatet, steppe or semiarid 2232 14143 12003000 0i 1200 3

Source? http://ecocrop.fao.org/eco®bipp://factnet.winrock.engp://worldagroforestry.®Bgojh and Ramakrishnan E8@&b;//www.cabi.orgfibttp://www.pfaf.org,

shttp://www.tropicalforages.info
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2.3  Brief description dheselected species
a)Acacia catech(L.f.) Willd

Family: Leguminosae

GenusAcacia

SpeciesA. catechu

Nepali name: Khayer

English name: Black cutch

A small tmediunrsized tree reaching2ZBbm in heiglatccuringnaturally in mixed deciduous forests and
savannas of lower mountains anaviwledocrop.fao.org). In Nepal it is widespread in the Terai, and
extends to about 900 m (exceptionally to 1408agtdiva freely on the high gravelly terraces of the
Seti River near Pokhara at a considerable elevation above the water level., @uisiciersNepal
throughout most of India and extends to Thailand and southern China (www.foresthy@mepal.org).
nathern Indian plafkscatechwilld.A. niloticailld.AlbizidebbecBenth.Dalbergia sissBoxb. and

Tectona grandismnare widely distributed tree species (Khera and Singh 2005)

A. catechus a useful multipurpose tree produeingodndsmall timber for village use. The most
important commercial product®ficatechare kaha and cutch. ie, an impure form of catechin, is
mainly used for chewing with betel nut andngdmas medicinal and pharmacological uses
(www.forestrynepal.prGutch.e.catechu tannic ad&lextracted from the heartwood and used to tan
leathemreserve fishing nets mpksanddye cotton, silk, canvas, paper and;leéheso useba
viscosity modifier irsbiore oil wellgww.ecocrop.fao)oiighe wood Af catechis strong and durable
and is extensively used for house posts, agricultural impleeigentBiewbea@nd charcoal

(wwwecocrop.taorg.

b) Albiziaprocera(Roxb.) Benth
Family: Fabaceae (alt Leguminosae)
GenusAlbizia

SpeciesA.procera

Nepali name: Siris

English name: White siris
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A medium to largeed deciduous tree with a ,slboobked bole andn apen crown
(wwwiactnet.winrock.ongywecocrop.fao.Qrdt occurs in forests and savanna woodlanasetsut pr
moister sites than itexasting treegnywfactnet.winrock.prg

The tree occurs naturally in India, Nepal, Bangladesh, the Andaman Islands, Burma, southern China,
Thailand, Cambodia, Vietnam, Malaysia, the Philippines, Indonesia, Papua New Guinea, Melanesic
northern Australia (Nielsen 19#30 occurs tiopical seraivergreen, moist deciduousharitiern

subtropical brdadved forests and is pladteshdorest restoration due to its adaptability and economic
importance (Troup 1921; Jha 1994). It is a very useful species for the relghitieatitailoivdands

because foits rapid growth, nitrogendfiability (association Rhizobiunspp.) and tolerance to
moderately alkaline and saline soils (Alam et al. 1996).

This species provides wood for a variety of purposes, nutritioulsvéstiolgkafat shade for tea
plantations. It is an important reforestation and agroforestifhepeo@s dirable, strong and
resistant to termitesmnfactnet.winrock.oeg)d can be used for house construction, as cabinet and
furniture timber, and for fuel and clfaxeaatocrop.fao.grgihe wood is used to produce wheels, carts,
boats, furniture, flooring, posts, agriculture implements, boxes and carvingss Thisskreid a

promising source of pulp fomjiglity paper (Parrotta 1987).

c) Dalbergia sissoBoxb, ex DC.
Family: Leguminosae

GenusbDalbergia

SpeciedD. sisso0

Nepali name: Sissoo, Shisham
English name: Indian Rosewood

D. sissots a mediwsized deciduous or almost evergreen tree inhabiting arid and semiarid regions. It |
indigenous to northern India, Nepal and Rawigeoo¢rop.fao.grdf is mainly found along river banks

below 900m elevationts native rangewwecocrop.fao.Qrddbundant moisture and lack of competition
isthe key to its successful regeneration; it is therefore found in riverine environments where sunlight
moisture are plentifiuis associated witimusroxburghiAcaciacatechandShoreaobustaD. sisso0

is adapted to a seasonal monsoon elmtatelry 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 tatd@@Qvih anohost prolific in

areas where there is considerable soil mdrsteckStates Forest SerfAaeific Islands Ecosystems

at RisKPIER 2007)D. sissoaggrows naturally under subtropical climatic conditions (Singh 1989) with a
pronounced winter and occasional frost (Siddiqui 1997).

D. sissods best known internationally as a premier timber spdugxusligtimber is used in
construction, paneling, ship building and for furniturf@vwalecgcrop.fao)orgissoo is also an
important fuelwood, shade, shelter and fodder teesfixddgertitrogen and with its tolerance to light frosts
and long dry seasons, this species has great agroforestS§taokbrt@8@entre for Biosciences and
Agriculture InternatioGAR) 2003. It is also grown forvieed Secondary produatslude foliage as

a fodder, traditional medicinesylamchit oil from the heart({@®812005).

d) Bombax ceiba.

Family: Malvaceae (Bombacaceae)
GenusBombax

SpeciesB. ceiba

Nepali nam&mal

English name: Silk cotton tree

Bombax ceibs a tall, deciduoussemievergreetreeoccurring in warm monsoon forests in southern
Asia thateaches a height of up to 4dadg] and Weissich 20&&wecocrop.fao.ord)) Nepal, it is

found from Terai (70 m) up to about 1300 meters@BYB2@@ibgrows welhtropical to subtropical
conditions Nepal and is mainly fourldeferai. It is common in dry as well as mixed deciduous dry or
moist forest and mirgdrgreen forest (Joshi 2010). It mainly inhabisaedinnaforests and at times
isfound in mixed deciduous forests in the lower valleys. In Nepal it is very common in the Bhabar and
tracts and often associated witlslisaleé robu3t@C 200@8).B. ceibacan tolerate harsh climatic
conditions including heat, wind, smogdégdiadel anweissich 2012).

Bombax ceilpgoduces large sized timber of light weightwitiediuged to manufacture matceghox
matcks veneer, plywood, tea chastipaclagig casesC 20008; Joshi 201.00ther commercial

products includless okapokwhich is usdad stuff lifebelts, mattresses, cushions, pillows, upholstery,
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quilts etc. The floasslso used textile industriaad fosurgical dressgsandsouneproof coverand
to extract guamd oil (Joshi 2010).

e)Eucalyptus camandulengi&hnh.

Family: Myrtaceae
GenusEucalyptus
SpeciesE. camandulensis
Nepali name: Masala
English namBivegum

Eucalyptus camaldulerssen evergreen tree reaching a heightofrBywwecocrop.taorg. Itis

found over most of the Australian mainland (Chippendgleca@&djlulensismmonly grows

riverine sitegithpermanent or seasonal water (Beiake2002)E. camaldulensssthe most widely

planted tree in arid and seitilands in the world. There have been widespread plantings in the
Mediterranean region using seed from southern Australian pRiaetiagaeshe tropics, especially in

South East Asia, Mexico and Brazil is increasing with the availability of seed from northern Austr
provenancebitMahon et al. 2010).

The wood is strong and durable and used for heavy construction, rajlfi@yrsigeframing, fencing,
plywood, venerrneryand high quality furniture.flbeers produce nectar for honey production and
pollen has value for apiculfthre. wood is also w@dizn shitake mushroom cudtndefor tannin
productiofwwwecocrop.fao.omgww.florabank.org.dbg tee is alsosedor reforestation, windbreaks
and shelterbeltsvwywecocrop.fao.org)

f) Schima wallich{DC) Korth.
Family: Theaceae
GenusSchima
SpeciesS.wallichii

Nepali name: Chilaune

English name: Needlewood
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Schimawallichiis a tropicadubtropicavergreen tree reaching up to 47 m in height. Afihefegh it
weldrained soils itatsofound in swamps and along rivers. It is cordistumbied and secondary

forests, scrub and grassland and even in areas inundated with brgCkisia wehtal. 2009;
wwwecocrop.fao.grdt is distributeid theeastern Asian regionGsiinathe Indian subcontinent,
Myanmar, Thailand, Malaysia, IndandstailippinesOfwa et aP009)lt is a very common tree in

central and eastern Nepal between 900 and 2000 mhomifweinBehimaCastanopsferest together
withCastanopsgpecies dhese altitudes paortifacing slopesdrier areasnd north and south facing

slopes in wetter areas such as the Arun and Tamur valleys and the area south of the Annapurna rang:
also found in some areas of subtropical evergreen forest d@yuygiatpgcies and is sometimes

found in the wattypes @horea robudt@aestwww.forestrynepal)org

Woodof S. wallichis mediumveight to heavy, hard, fairly stemyis used for medheavy
construction such as columns/beams, floamlggdoor/window frames, furniture, pallets, boxes,
cratesandship and boat building (ribs, d€gksn (et aR009. Tanninand medicinal oils are also
extracted fromghreeltis used as a shade tree in coffee plantations, for reforestateateand

conservation in catchment areas (Ornz0e9miww.ecocrop.fao)org
g) Syzygium cumini (LSkeels.

Family: Myrtaceae

GenusSyzygium

SpeciesS.cumini

Nepali name: Jamun

English name: Black plum

Syzygium cumisian important medained evergreen multipurpose tropical fusuttg 205 m in

height that can reach 3@wwecocrop.fao.grgww.cabi.oxdt is a fagfrowing tropical and-sopical
speciepreferring moist, riverine hgbitat.cabi.oxdt is native 8outh Asiand iggrownn Southeast

Asia to Australia (Singh 1982). It is widely distributed in India up to an altitodewfiag00 the

major forest groups except in the very arid Aagagmous 1969rwa et al. 2009). In dry sites it
generally confines itself to the vicinity of watercourses. It can grow on shallow, rocky soils provided the
is sufficient. it present in both moist and dry situations, occurring in the tropical wet evergreen fores

tropical semi evergreen forests, tropical moist deciduous forests, littorasanellsyganopical dry
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deciduous, tropical dry evergsebtropicdiroadleaved hill, and subtropical pine forests (Orwa et al
2009).

Sacred to Hindus and Buddhigssspecies a multipurpose tree which is highly valued for its medicinal
uses, edible fruits, fodder, strong heavy timber and good fuelwood. It is also d hasilaatm§d
(http://www.cabi.pagd thélossoms are an important source of{Anarywwus 1969 he timber is

used for construction of boats and buildings, and for making plywood. The leaves are used as cattle fi
and fruits and bark are used widelyyutkiedic medicines (Anonymous 1969). The fruits can be eaten

raw or made intecgy jellies, syrup, vinegar, wine, tarts, and (wodiegocrop.fao)org

h) Shorea robust&aertn.

Family: Dipterocarpaceae
GenusShorea

SpeciesS. robusta

Nepali name: Sal

Thisis a tall deciduous tree, reaching a heighbaoh$svw.ecocrop.fao)o&horea robustafound

both in undulating and flat country, but itothlovesr slopes and in valleysl occurat altitudes
between 7&8nd2000 mA large, commercially importanttiggews widely along the plainsoamd
foothills of the Himalayas up to an elevation of 1%08nm1@28; Singh and Singh).199®busta
forests are distributed mainly in South and Southedagiedesh, India and Nepahklso present

in Bhutaand South China (Fu 19%et al. 1994 Gautam and Devoe 2086jobustéorests have

the widest distribution amondzipédirocarpsxtending over an estimated area of 13 million hectares in
India0.11 millionain Bangladesh and one millictahes in Nepal (Gautam 1990; Alam et al. 2008). In
Nepal, it penetrates thrabgmidhillrange (Mahabharat region) tatheorth along river slopes and
valleysGautam and Devoe 2006e distributionSofrobustes controllefirstby climatandthen by
edaphic factofGautam 19R0Generalls. robustéorests of subtropical regiath seasonal climatic
influence are dominated by this species. In Terai and Bhabaoceted speciesSofrobustare
TerminalidomentosaT. bellirica,T. chebulaAdina califolia Anogeissus latifplizanneagrandis,
SdileicherarijugaSyzygium cumini, Bombax eeifbacacia cateclf@autam and Devoe 20@tdel

and Sal203). In hill aremsassociated speci@eLagerstroemia parviflémaogeissus latifokalina
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cadifoliaSemicarpus anacardiBauhinigariegatdillenia pentagyaadBuchnania latifdlizautam
and Devoe 2006

The dark and reddish brown, héavgS. robustdmber is very durable and espeogifyitedor

structures subject to heavy stress in house construction, hydraulic engineering, ships and railway car:
also used for poles, railway ties and posts, simple interior finishing such as antifeofsarand

many other applications. Seeds are also used for food and for ¢il. extvastieaves are widely

used for making leaf plates andang®or fodder (Orwa et al. 2009).

i) Quercus semecarpifolsm.
Family: Fagaceae
GenusQuercus

Speciex. semecarpifolia
Nepali name: Khasru
English name: Brown oak

Quercus semecarpifislianevergreemperenniaimediuntolarge gregarious tegining a heigh2 -

35 m (Orwa et 2009 wwwecocrop.fao.grgf isfound ithe northern temperate zone, subtropical and
tropical Asia, and the Andes of South AKeaitica and Bazel 1998)semecarpifoisaa timberline,

dominant oak species of the Western Himalayan region (Bisht et al. 2011) from Bhutan westwards, n
beween 2400 and 3000 m elevation, occasionally descending to alonb2b8thraspeetsd

ascending about 3600 m elevatiosouthern aspects (Orwaz2@d)ln Nepal it is dominant in forests
between 2400 and 3000 m in the west, exegptoaist noffificing slopes, but in central and eastern
Nepal it tends to be confined to wdrrapsoutHacing slopes. It is absent from the very high rainfall
areas north of Pokhara, and in the upper AruncandlBgs In the Hudlanla aeeit is dominant,

with Abies spectabiliand Betula utilis especially on sofdhing slopes above 3000 m

(www.forestrynepal.org)

Theeconomiand ecological values of oak are generally higher than those of other species associated v
oak (Shrestha 2003). It is a multipurpose tree used for timberwodderyvdoel for agricultural
implementsand tanninSprestha 2003jngh et aP0Db; Singh et.&011;www.forestrynepal.org;
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wwwecocrop.fao.org)lhe timber is hard and heavy, and is a good construction material
(www.forestrynepal.org).

j) Alnus nepalensiB. Don

Family: Betulaceae
GenusAlnus

SpeciesA. nepalensis
Nepalhame: Utis

English name: Nepalese alder

Alnus nepalenss a mediwsized deciduous or semi deciduous tree reaching a he3ghtmof 10
(www.ecocrop.fao)oltgppccursaturallyhroughout the Himalaya aBB00 m elevation from Pakistan
througNepal, northern India, Bhutan and Upper Burma to southwest China and isrdmtiicad

to various countries in Affl@ntral America and S&ast AsidJoker2000). At lower altitudes
particularlyy.nepalensigccurs on moist sites, sucteasrivers and in ravines, but it will colonize rocky
sites exposed by landslips, or lands abandoned following cultivation. It occurs naturally in both pure
mixed standenwfactnet.winrock.org).

A. nepalensiwood is moderately swoid issuitald for boxes, splints and matemesfor newsprint
(wwwiactnet.winrock.prigeaves are also used as animal bedding and for tanning and dyeing (Little 1983
The trees provide fuelwood, green leaf marheksaindsoil conservatiomvfactnet.winrock.prig

BurmaA. nepalendmas been effectively used to reforest abandoned taunygii@mabsg¢ademy of
Science$980). As tlepeciefixesnitrogen it is suitable for soil improvement and rehabilitation of degraded
landgJoker 2000)

k) Adina cordifoli#gRoxb.)

Family: Rubiaceae
GenusAdina
SpeciesA. cordifolia

Nepali name: Haldu, Karma

21



Adinecordifolizs a large perennial deciduous tree reaching a heighvaiv&coc(op.fao)olgis
distributed across mdgtants of India and in the east it extends to Indochingit is foejal in the
plains and the hills and commonly f@huiea robushares{iwww.forestrynepal.org).

It is @ impdant timber tree in the Tesad in furnishing, flooring/paneling, aadraityvay carriages.
It is also used as fuel wood and fastderforestrynepal,@rgyw.agritech.tnau.gc.in

[) Tectona grandis.

Family: Verbenaceae
GenusTectona
SpeciesT. grandis
Nepali name: Sagawan
English name: Teak

Tectongrandiss a large tropical deciduous forest species u80aitytah Undwvorable condigon
this tree can reach a ha§fd m and a diameter ofRawnsa Ard 198Bwecocrop.faorg. T.grandis

is not indigenous to Nepibdhern Indidne natural distributiofi.gfrandiss limited to th@®&heast
AsianTeakis widespread acrdissindian peninsula, Burma, Thailand, Laodamasimn (Kaosa Ard
1985 www.forestrynepal.org). The distribution of teak is controlled by environofestehftstirs

moisture, temperature, light, geological formation and soil conditions (Kaosa Ard 1985)

T. grandigimber is world famous and is in high demanid omavkets due to its extreme durability
(Robertson 200&2ww.forestrynepal.olgs very strong and of high quaatityis well known for its
remarkable property of constancy under varied temperature aoddit@s&newecocrop.fao.grg
Previously, teak wood was widely used for general cofstoudeshipsboatsandfurnitureand
evenforrailway lsepers. However, nowadays,isdaécoming increasingly scarce and expensive, hence
its use has been limited to produce high value products such asrvegeearsdplywood
(www.forestrynepal.ongyw.ecocrop.fao)olgeaves, seeds and bark have medicinal properties and
contain some tanrand dye. It is used for refatie® ands a possible agroforestry species

(www.ecocrop.fao)org

m)Melia azedaradh
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Family: Meliaceae

GenusMelia

Speciedvl.azedarach

Nepali name: Bakaino

English name: Chinaberry, Persian lilac

Melia azedaracha small to medium sized deciduous tree. It is Smithern Asiprobably from
Baluchistan (Pakistan) and Kashmir (India and Pakistan), but has \atgdteowgitout the Middle
East, the Indian subcontinent and China (www.blvibrg)videspread in tropical and subtropical

areagwww.ecocrop.fao)ogrowin@ India, Nepal, Sri Lankaramical China, south and east through

Mahysia: Sumatra, Java, Philippines Sunda Islands (Flores, Timor, Wetar), Papua Barat and Papua |

Guinea, Australia and the Solomon Islands (Mabberley et al. 1995).

M. azedaradgk a useful tree for farm and gnpdaantingpcluding fehadeand will growareas subject

to drought conditions. (www.cabiTing lightweight timber is decosattveused for furniture
(www.forestrynepal)aag well as farabinetwork, plywood, boxes, tool handles, turnery articles, and
firewoodnww.ecocrop.fao)ofitheoliage has pntial as stock fodaem{v.florabank.org.au.). In India,

M. azedaradh used foplanting dry, eroded hill slopes betweEs000@ (Troup and Joshi 1981). In

Jammu and Kashntihas been successfully used in the afforestation of bare south and south westerl

slops near Srinaganw.cabi.oxd he leaves and fruit Hagecticidal propertibe\havebeen widely
attributed with medicinal qualitiesoatalrbioactive compounds azadirachtin, salannin and meliantriol

with arieedant and growtisruption propertiesnsectsNilimd 994, 199%ww.ecocrop.fag)or

n) Lagerstroemia speciogh.) Pers.

Family: Lythraceae

Genus: Lagerstroemia

Species: L. speciosa oeginae

Nepali nam&hulo asare phool

English name: Queen's crayde

Lagerstroemia speciissa deciduous or seeciduoysmaHlto mediursized or rarely large tree up to
40(45) m tall; It is found at low to medium attitbd@sist, lowland tropics and subtrogrcsvdtin

comparatively open habitats, in disturbed or secestdgragetand, and along r{@msa et al. 2009
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wwwiropical.theferns.)ibot thrives best on well drained soils (www.ecocrppisamabugal range
includes India, Sri Lanka, Bangladesh and Myanmar.

The wood smediurweight hardwood resistant to teramteésised for fuel wood and timber products.
Bark, fruit and leaves contain tannin. Seedpediosgieldoil. A deation of the bark is used as
medicin& treatiarrheand abdominal paj@wa et al. 2009)

2.4  Seed germination experiment

The seed germination experiment consisteangdletelyandomized design and easlucted in
controlled seaegerminator chambarshe Seed Science and Technology DiMatmmal Agricultural
Research Institute (NARI), Khumaltar, LalitpurTdNegeatify the temperature and germination
relationship,germination test was carried out for each spmeieg fok guidelines provid&hmal

et al (2015).

For each speci#@isesample consistefd3 replicates2f/25 seedgerminateat the average temperature
0f20°C25°Cand 30°@espectively under dark coralfieads were surface sterilize@.@#hmercuric

chloride solution and rinsed with distilled\Mtiterspecies wénengerminated in petri dsbn top

of filter paper or between filtergg&@glatman 150 mmainly following the protodbébfternational

Soil TestingssociatiohSTA (201). Moisture was maintained by adding distilled water every day (ISTA
2011)Seeds were carefully observed for epicotyl hook emergence each ddgdeP@ieddys

germination photos

Germination metscsh adrial germination percentag&anding Degree Days (Gbgcalculated
(Shahba and Qian 2008).

2.5  Statistical model

To determine the optimum time and temperature for the highest germination percentage, germin:
percentage was analyzed aependent variable of GDD accumulation udimgangolynomial
regression analysis (McDonald Zafi9ach specjgbe nonlinear polynomial regressimection

derived was implemented in the mechanistic model.

2.6 Mechanistic model

TheTree an€limate Assessm&srmination and Establishment (MAGAGEM (Mok et al. 2012) is
a modified versiortted Tree and Climate Assessm&@((Nitschke and Hickey 200%&chke and
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Innes 2008; Nitschke et al. 2002 used to model speciespecifigerminatioand establishment
responses to climate variability. This model has previously been used in forest vulnerability assess
studies in Australia and Canada.

TACAGEMMok et al. 2012) mechanistic models developed to assess the resilience of tree species
and ecosystems to climate change by examining change in the breaditegéaespéoiesiche. The
model anatgs the influence of projected climate change on the ability of a treeyepecits tmde
establish. This approach is used to gain an understanding of the risks associatéitlegigptmdess

and mature ecosystems to climate changeGEMG#\designed to evaluate s@resigsnse to climate
change when they are atribst sensitive stage of the life cycle, regeneration and estabishment

helps in the assessment of s@ealasrability to climate ch@vigé et al. 2012)

TACAGEMprimarily combines phenology with germination physiology which intpexetisivetisedm

moisture and frost, and simulates the Ggdatitgdo regenerate and establish anashgyedtlimate
condition§peciespecific germination paras)&s&D threshojdsd GDD functions identified from the
germination experimental comfmpleis the statistical madgEncorporatadto the modéhdetail,

the model utilizes the germination experimental daed$germinated at a given GDD sum are
regressed against GDD. The cumulative response functimmdré/sttistical analygdemented

in theTACAGEMmModel enables the germination to occur at variable rates dineygaeslgfng on

the variable temperature and moistughtiubthe year (Rawal @048. The use of3b5dayperiod

(year) of variable temperature and moisture regimes allows for seeds to remain quiescent in periods th
unsuitable but alfoler uniform or periodic germination as conditiodlsiipgiting year. The model

therefore integrates species germination response to temperature and moisture at daily scales with d
monthly to seasonal patterns in climate. The model then provides germination and establishment prob
response outpugisnulated for past and future climatic cordiitiate jarameter and scenario input).

This degree of model output (germination and establishment probability) provides the germination
establishment capability of the species that helps in thentaséegsecies vulnerability and future
abundance in light of projected climate ¢pemge. 2 for diagrammatic negentation of the
methodology)
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This model can be simulated for 10 to 51 years of clibetasddthemodel can be foundRawal
et al (2019, Mok et al. (2012) adhischke and Innes (20D8)ag on parametefor TACAEMNput
areprovided ihable 2&and Table[?
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Table 2&pecies specific germination parameters and climagiedmigime calibration of TASEM model

Species
Parameter A.catechu A.procera A.cordifolia A.nepalensis B.ceiba D.sisso0 E.camandulensi:
Habitat
Soil textures Sandy Sandy Sandy/cldy Sandy Sandy loath  Sandy Sandy, CI&a3
Seedfall Julian Date (days) 30-2 30t 186G 9@ 1801 18C° 9014
Rooting zone depthqm) 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Coarse fragment {%) 0.10 0.10 0.30 0.10 0.30 0.10 0.30
Probalistic Germination Fundhioesholds 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 temperatuf®) ( 15 15 15 15 15 15 15
Maximum temperatufe) ( 4¢ 402 35 35@0 35 402 35
b0 -0.0732 -0.0979 -0.0415 -0.0353 -0.0004 -0.0808 -0.1184
bl 0.0015 0.0194 0.0004 0.0004 0.0017 0.0080 0.0079
b2 -2.8E06 -0.0003 5.7E07 -5.3E07 -1.8E05 -8.8E05 -0.0001
b3 1.5E06 4.6E08 2.5E07 3.6E07
Other Germination Parameters
Germinatiamoisture threshold (MPa)  -22 -2 20r 2 -2 -2 -22 -2
Physiologichhse temperatfE) 73 108 53 53 53 53 5o0r?7
Establishment Parameters
GDDminimum 4500 4000 4000 3500 4500 4500 300¢
GDDmaximum 7000 7500 7000 6000 7000 7000 5500
Frostolerance {0) 0.145 0.145 045 0.145 0.1345 0.3545 0.1(0.545
Frosseason lengftdays) 1¢ 127 01048 3¢ 3¢ 50¢ 204
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Heatmoisture indédimensionless) 54.2845 25.3345 47,545 50.66° 76345 56.6645
Drought tolerance 0.555 0.555 0.30 0.555 0.585
Minimum temperature -13 43 (05 43 -
Derivation of germination response fur Das (2014) This study This study  This study This study  Atiketal.  This study
(2007)
Table 2ISpecies specific germination parameters and climatediigime calibration of TASEM model
Species

Parameter L.speciosa M.azalaach Q.senecarpifolia S.wallichii S.cumini S.robusta T.grandi

Habitat
Soil textures Sandip Sandy’ Sandy, Lodfh Sand$p Sand§t Sand$ Clay, Loa#h
Seedfall Julian Date (days) 180116 1807 1808 [0 18@2 1564 3¢
Rooting zone depthqm) 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Coarse fragment @o) 0.10 0.10 0.10 0.30 0.30 0.30 0.30

ProbalisticGermination Functitimesholds 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 temperatuf@) ( 15 15 519 15 15 15 15
Maximum temperatuf®) ( 35 35 359 35 35 35 452
b0 -0.0063 -0.0285 -0.0327 -0.0284 -0.2369 -0.1492 0.0003
bl 0.0003 0.0017 0.0081 0.0010 0.0029 0.0055 0.0002
b2 -4.5E07 -5.2E06 -0.0001 -2.7E06 -5.9E06 -2.3E05 -3.2E07
b3 4.0E07

Other Germination Parameters
Germinatiamoisture threshold (MPa) -2 -2 -2 -2 -2 --125 -22
Physiologichhse temperatf€) 6t° 5 519 53 522 5o0r? 143
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Establishment Parameters
GDDminimum 5500 4000 3500 5000
GDDmaximum 7500 6000 5500 7000
Frostolerance (D) o 0.17 0.545 0.145
Frostseason lengftays) 0 207 60 10
Heatmoisture indédimensionless) 31.66 56.66 30 27.14
Drought tolerance 0.55 0.30 0.55 0.55
Minimum temperature -13 -13 98 (0
Derivation of germination response ful Azad etal.  Abe, Bisht et al. (2012) Boojh,
(2010) Matsunaga
(2011) (198)

550¢
7500

08

0-1¢
31.6645
0.555
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Raha et al.
(201)

GDD, growing degree dMek et al 2018)rwa et al 208%hera and Singh 2G0%p://ecocrop.fao.ptigépartment of Hydrology and Meteorology
2013%Nitsblke and Innes 2Q8&tp://factnet.winrock, drgp://www.tropicalforage<’ imftp, //www.forestrynepal @iafer 2000Bargaland Singh

20071Joshi 201@Boland et al. 2086yww.cpbr.gov.&$tefan@0021ttp://tropical.theferns.iffaww.PlafiWaterials.nrcs.usda.gév,
https://www.florabank.orgBisht et al 2811Bisht et al 2012Schmidt et al 208&tephen et al 2028itp://www.cabi.of§thauhan et al. 2010,

24Gautam and Devoe 280@udel and S2M03,2Kaosa Ard 1985
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2.7  Climate parameters and scenarios

For the simulation of gabservedjlimat conditionQC),data foflO reference yedi®9891999)
wereinputedto TACAEM from eadf thel4 districtgexcept Nuwakdi9881998. The climatic
stations usdd represemtachdistricare provided Trable 3The climate data include the minimum
and maximum temperat{lkg.and ay), precipitatiq? CH and solar radiati@ourceDepartment

of Hydrology and MeteordDByv), Nepal

For the projected climsitaulatignscenarios from DHiéreused (Source: DHNMnr model
simulation, an average was takethE®RECIECHAM®Providingregional Climate for Impact
Studies Eur opean Communi tyi1 HamdbheHadCMIdadep E€Egntree r i c
Coupled Model, versip(blas correctedgpresentiniipe A1Bscenarigmoderate climate change
scenariopy the 203@%060s The PRECIS model is one of the best dynamic downscaling tools
developedtdhe Met Office Hadley Cemthichis based othe atmospheric componenhef t
HadCM3WVhen compared to other models over the different regiorBRECIEpEIHAMS and
HadCM3 modsrformanasan provide reasonable mean and variance values after bias correction for
rainfall, maximum and minimum tempeidiarbase reference years used to build the projected
climatic condition were from the ¥8d62000(Nepal Climate datatglouser manual, DHM
www.dhm.gov.np/dite pastobservedjlimate condition and the projected climatic conditions are
henceforth termed OC andreégpectively.

Daily slarinsolatiofpeak sunshine hours) data exists only for the Podtstatiaiipthe CHAL

region andhence thidaily solansolatiodata has been used for the model simulation for all sites
selected from CHBblainsolatiohas been kept constant for the past and projected ¥deearios.
themissing values existtii@r climatic factoitse monthly mesaof the climatic variablgg That

Rmean/ solarinsolatiowereadded. When mongdiainsolatiosalues are missing the monthly mean
oftheprevious or subsequent year was usedritarg®atioaily solansolatiowas converted
tosolaradiation for the model input

2.8  Model simulation regions

While thetudyaimed tdocus on the vulnerability assessment of the major treeHsp&aeand
Subtropicdroadleaforestsn 16 districts of CHAL and identify resilient species that tcan adapt
projected climate change condjpmstsand projected climate datnfperature and precipitation
were navailablen two districts; hence the study covbtsdistrictsith dataDetad of the districts

and weather statiasedn the studyre provided Trable3.
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Table3 Weather statiomem CHAUlUsedfor the TAGAEM simulation

SN District name Weather station  Latituded¢s miy Longitudgsgmy  Altitudé€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  Khaireta@r 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

b

Germination experiment under different tempenagirees Z0°C,
25Cand 30°C) and dark condition (IS2041)

{

Statistical model (ndimear regression model)
Germinatiows. GDD

{

Optimization adpeciesspecific parameters and
germination response function

'

Calibration of TAGBEM

{

Species degree of germination and establishme
probability under climate changenditions

!

Species vulnerability and future abunda

Fg. 2Diagramfthe methodology adopted for this study

LISTA: International Seed Testing Association
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3. RESULTS
3.1 Climatic conditiomof the sites

Monthly mean maximum and minimum temperatures of the past and projected climate show
Dumkauli and Rampur have sitmiag conditiaswithhighetemperature than the other Jibdodg(

4). Clima wascolderin Kanchikot and Tamghas under the past and pajeltieddHighest

rainfall undehe past and projectednditionsvas found in Pokhara. The lowest rainfall was in
Gorkh@eniand Tansennder past condisprioweveryainfalllemainedowestin Tanserbut

increaseth Gorkhand Beninder projectednditionf abled).

Table 4Monthly mean maximum and minimum temperakams §l, C) and monthly mean of
total precipitation (PCP, mm) of past (I@aten years) and projected climate (PCZDGA)30
fourteen statiolfSHAL region

OC average of {€ars PCC average of 22861
SN Site 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 20.22 162.77 154 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 Ppokhara 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 alitifbselected specigSermination occuriadix species\.
procera, A. nepalensis, A. cordifolia, B. ceiba, E. camand@ensizistéPlate ) under the
laboratory conditioRsr all the other specg=rmination regression funcivens derived from
previous germination studiesliterature used derivgermination regression funasagiserin
Table 2andTable b.
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g

|-

Plate‘]'GIimpses of the germination expewititiné seleetspecies

Nonlinear regression modgidentified significant relatioristipsen GDBquirements and the
initiatiomnd cessation of germination. The resultanshmddkhat within thested speciés
procera, E. camanduleri3ississooQ. semecarpifol@nd S. robustdavenarrow germination
window; in spite of this, thdise species demonstratedigregrmination succedse wdest
germination windeasdemonstrated By grandiandL. speciosahoweveigerminatiorates were

lower for these species compared to the other test€gigp8cies

The TAGSEM modekedhe germination experimental datasebdrgerminated at a given GDD

sum wasegressed against GDD. The cumulative response function derived in the model enabl
germination to occur at variable rates and tirageayfrelyiig on the variable temperature and
moisture throughout the year. This degree of germination probability response of the model output h
in the assessment of the vulnerability of the species.

34



Vulnerability Assessment of Hill Sal and Subtropical BroadleafTkesssof Nepal Final Report

25 = A. catechu 25 - —|. Speciosa
no OZ)KPKN_A procera OBW” T O = M.azederach
m ===A. cordifolia Q. semicarpifolia
20 - —g-cﬁgglenﬂs 20 - ——s. wallichii
—D. 1500 - S. robusta
= - — ini
> ——E. camandulensis S. cumini
- 15 - T . grandis
9
©
=
= 10 -
.
(0]
Q)
5 |
T 1 0 T T T T 1
0 200 400 600 800 0 200 400 600 800
GDD GDD

Fig. 3Germinatigmlynomial regression model prediction of germination percentage for fourteen species. SignificanEe®DB), fgoing
degree days
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3.3  General responsef the species

Eachspecies exhibited unique germination and establishmestinésipocse by s#pecific

climatic conditiombeTACAGENMmModelinghows thatermination probabilify.girocera, D. sissoo0,

E. camandulensis s@mecarpifoladT. grandiwasnotadverselgffected by tipeojectedlimatic
conditionsmthe 2060s across all fourteen aitdsicreased for some of these spEaes410.
Theprojectedlimatecanditionsdy the 2060s across Baglung, Dumkauli, Kanchikot, Tamghas and
Rampur benefitted germination of all the §jniesation probability of most of the spasies

affected by the projected climatic conditions of Syangja.

The modegresultsglemonstrate that the projected climatic conditions may have more of an impact o
the establishmeumtential of most of the speciestitarigerminatiokigs. 410. Under pjected

climatic conditioastablishment of most of the spkclased iByangjeEstablishment results were

very variable (about half the species declining and others indreaskag)ansen, Gorkha and
PokharaAlthough germination potential was enhanced for all timDspekaadi and Rampue
estabihment scores exhibit low establishment potential under past climatanaeadtions
establishmefdr manynder projected climatic corgjitidicating vulnerability of the saebisth

thesesitesT. grandiexhibited enhanced germination capaciprojedezdonditianby the 2060s

across all the sitémweverestablishment failimeall siteindicateshe specie8constraints for

present and future recruitment.

3.4  Site specific speciggsponse

Baglung:Projected climate change benefitted the germination of all the species across this site. T
establishment resdimonstrate that establishment potential of all the species increased with projecte
climate change exceptasmall deicle folA. nepalensis, E. camandulandigl. azedarac(Fig.

4). Althouglthe germination potentiaQotemecarpifolandT. grandisdid not decline with the
projected climate chaimge2060s, absence of establishment under the past and projected climate
forthesespecies may indicttattheywillnot perform wiglthis site.

Beni:Increased germination probability for all the species spampsidicates that change in

climat conditie@may benefit germination at this site. However, decrease in establishment potential «
A. nepalensis, Dalbergia sisscantandulensid,azedaracandQ.semecarpifoliaay negatively

affect therecruitment potential under the projected climatics ¢binddjoiz stablishment ©f
grandigailed in both time periods.

KushmaGenerallgermination and establishmerfavw@®dby the projected climate at this site with

theexceptioafa small decline in germination probabilitatechandA. nepalensiheprojected
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climate change benefitted establishment for all the spedlepeomeat, A. nepaleasidS.
robstawhichexhibited a small decre&sg §, andQ. semicarpifodadT. grandig/hich failed to
establish in both time periods.

TansenProjected climate change by the 2060s benefitted the germination of all the species at this -
except foA. cordifoliddowevefourof the tested species exhibited establishment decline under the
projected climate chartgye failed to establishtheetime period

Dumkauli:Modehg results showttht projected climate chamgpeovedthe germination of all
fourteen species at this sitenabled it to remain. iiglwveverestablishment potentaat risk
under past and projected climatit@sridr all the species exdgpirocerandL. speciosdhey
demonstrated increased establishnatheprojecte@060sconditiongEig 6).

Kanchikot:The projected climatanditionby the 2060s increased germination and establishment
probability of all the species at this site with ext€gptamecarpifolighichexhibited establishment
declineandT. grandiwhich had zero establishment in both time(lpigrigds

TamghasGermination potential increased across all the spethieprojeeted climate change at
this site. Although establishment potential increased for most oftleeespecemrked decline
in establishment potefdiad. nepalensig, camandulensasmdespecially fa@.semecaifolia T.
grandifiad zero establishment in both time (E&gods

Syangja: Results indicated greater advemnsgte change impgaon both germination and
establishment potential at thiS'biéee was adrease in establishment potential for all the species
excepfA. catechu, A. procera, L. speaimsd. robustaMoreover, thenas adecline in both the
germination and establishmeentm foA. cordifolia, A. nepaleasid S. wallichiinder the
projectedonditiong’. grandiandQ. semecarpifdiiad zero establishment in both time (l&gods

7). This may be due to the projected rise in rainfall.

GorkhaGermination probahifityeasedr remained hifgr all the species ex@eptordifoliand
A. nepalensi&stablishment potentiaberprojected climatenditionenefitted\. catechu, A.

proceral. cordoliaL. speciosa, Svallichii, SumirandS. robustérig 8).

Pokhara:Unlike all the other saesharp decrease in germination prolvedmsléyhibited bxx.
catechwnder projected climate chéogdleis site. Compared to the past climate the establishment

potential &. nepalensig, camandulensisdM.azedaractvereat riskundethe projected climate

condition@ig. §.
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Khairertiar Therewas a small decrease in germio&Booeiba L speciosa, llzedarachndsS.
wallichiiand establishment probabflAy procetd.. speciosandS. robustat this site. However,
zero probability of establishment exhibited by sospeckthander past and projected condition
mayput recruitmenttbése specied riskFig. 9.

RampurSimilar to Dumkalutidethe projected climate condgmemsination of all the study species
benefittedr remained higdowever, the projeactedditionsnly benefitted the establishmént of
procergestablishment of all the other spleasedr remained at z¢fFay. 9.

HetaudaProjected climate chafmmredyermination of all the speciestiveitxceptiomf A.
cordifoligd. nepalensandS. cuminihe establishment probability also increasse fakpecies
excepi. catechlA. procerandS. robustavhich decreased; and three species which ratnained

zero(Fig. 10.

NuwakotGermination of all the species berafittadained higliththe projected change except
A. catechig. wallichéindS. cuminiHowever, establishment declineprogeted conditiomas
exhibitedh six specieatthis siteA. catechu, A. procera, L. speciosa, S. wallichii, &a8mini
robustdFig. 10. T. grandis failed to establish in either time period.
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Germination Establishment
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Fig. 4Germination and establishment probability of fourte@nBazguigg and BamCHALunder past (OC) and projected (PCC) climate condition
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Germination Establishment
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Fig. 5Germination and establishment probablggexfiesn Kushma and Tanse@HAL under past (OC) and projected (PCC) climate condition
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