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Dendroecological studies in the Nepal Himalaya with regard to treeline elevations 

Himalayan treeline ecotones show considerable differences in altitudinal position as well as in 
physiognomy and species composition (Schickhoff 2005). In Nepal, treeline ecotones from closed 
subalpine forests to the upper limit of crippled and stunted tree individuals correspond approxi-
mately to the altitudinal range between 3600 and 4300 m (north-facing slopes), with slightly in-
creasing elevations in an eastward and in a northward direction. This paper reviews the history of 
dendroecological work in Nepal with special consideration of studies in treeline environments, in-
troduces a new research initiative (TREELINE) focusing on the detection of climate change signals 
in the treeline ecotone of Rolwaling Himal, Nepal, and presents first results. 
According to our knowledge, first tree-ring samples in Nepal were collected by Rudolf Zuber in 
1979/80 (under the direction of Fritz Schweingruber) with the objective to develop ring width chro-
nologies, respective results were published by Bhattacharyya et al. (1992; see also Gaire et al. 
2013). Some of the presented chronologies are based on sampling at near-treeline locations 
(3620-3720 m) using increment cores from Abies spectabilis and Larix potanini. The results were 
considered promising with respect to dendroclimatological correlations, which have been and still 
are, however, constrained by the lack of sufficient meteorological data (cf. Bhattacharyya et al. 
1992).  
Prior to this publication, Suzuki (1990) presented a first dendroecological study focusing on the 
correlation of Abies spectabilis, Pinus wallichiana and Picea smithiana tree-ring widths with climatic 
variables, based on sampling in montane/subalpine forest stands (c. 3100 m) in West Nepal. He 
also addressed the influence of changing canopy cover on tree-ring widths and resulting chronolo-
gies. In the aftermath of these pioneer studies, dendroecology in Nepal witnessed a significant 
upturn in the number of publications, giving attention to the establishment of chronologies and/or 
following dendroclimatological, dendroarchaeological, and modelling approaches (e.g., Schmidt 
1992; Gutschow 1994; Romagnoli & Lo Monaco 1995; Schmidt et al. 1999, 2001; Zech et al. 2003; 
Bräuning 2004; Udas 2009; Tenca & Carrer 2010; Sano et al. 2010; Bräuning et al. 2011; Scharf et 
al. 2013; Dawadi et al. 2013; Shrestha 2013). Detailed dendroclimatological reconstructions were 
provided by Cook et al. (2003) and Sano et al. (2005) for seasonal temperature, and by Sano et al. 
(2012) for precipitation. Recently, an increasing number of tree-ring research studies has been 
initiated at Nepalese universities, the results of which are documented in hardly accessible M.Sc. 
or Ph.D. theses (e.g., Suwal 2010) and to some extent also in published papers (Chhetri 2008; 
Chhetri & Thapa 2010; Gaire et al. 2011; see Gaire et al. 2013 for further unpublished theses and 
conference papers). These studies indicate an increasing dissemination of tree-ring research ex-
pertise in Nepal, also reflected in the percentage of nationalities of involved researchers conduct-
ing dendrochronological/-ecological studies. 50 % of the studies were carried out by only Nepalese 
and 29 % by only foreign scientists, while joint projects account for 21 % (Gaire et al. 2013). 
The majority of the above cited studies (see Tab. 1 in the appendix for a complete overview) is 
based on material sampled well below treeline elevations, and scarcely any of these studies is em-
bedded in an integrated approach to detect climate change effects at treeline elevations with re-
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gard to treeline dynamics. In the following, we highlight hitherto available studies that used den-
droecological approaches to detect the response of Himalayan treelines in Nepal or of upper sub-
alpine forest trees to climate change. In general, there is increasing evidence suggesting that 
growth response of Himalayan treeline trees to climate change and variability is spatio-temporally 
differentiated, species-specific and not unidirectional (Schickhoff et al. 2014). A positive relation-
ship of ring widths to increasing winter temperatures was ascertained in several studies. E.g., 
Bräuning (2004) reported a strong positive relationship between high elevation Abies spectabilis 
ring width and November-January temperature in Dolpo. Gaire et al. (2014) found tree growth of 
Abies spectabilis in Manaslu Conservation Area to be positively correlated with higher winter tem-
peratures prior to growing season, and stressed the positive effects of earlier snow melt and in-
creased melt water supply for growth. 
Recently, an increasing number of studies in western and central Himalaya have revealed a strong 
sensitivity of tree growth to pre-monsoon temperature and humidity conditions (cf. Schickhoff et al. 
2014). Increased evapotranspiration and soil moisture deficits induced by higher temperatures dur-
ing the relatively dry spring months obviously impedes tree growth in particular on sites which are 
prone to drought stress. In Nepal, significantly negative correlations with long-term pre-monsoon 
temperature series were detected in Abies spectabilis tree-ring data from near-treeline sampling 
locations in Humla District (Sano et al. 2005) and in Langtang National Park (Gaire et al. 2011; 
Shrestha 2013). The pre-monsoon period has been shown to be also critical for broad-leaved 
treeline trees. Dawadi et al. (2013) assessed for the growth of birch trees at treeline sampling sites 
in Langtang Valley a positive correlation with March-May precipitation and an inverse relationship 
with pre-monsoon temperatures. Reduced pre-monsoon moisture availability being a primary 
growth-limiting factor for Betula utilis at treeline and the coincidence of years with high percentage 
of missing rings or narrow rings with dry and warm pre-monsoon seasons was confirmed by Liang 
et al. (2014) for study sites in Sagarmatha National Park, Langtang National Park, and Manaslu 
Conservation Area (Nepal) (for Manaslu see also Gaire et al., 2014). Results from current research 
of the present authors based on a ring-width chronology of Betula utilis from treeline sites in Lang-
tang Valley dating back to AD 1657 confirmed a negative correlation of tree-ring width with pre-
monsoon temperature and a positive correlation with pre-monsoon precipitation (in review). 
Other studies in treeline environments of Nepal incorporated dendroecological techniques to infer 
more general information on stand characteristics, recruitment of tree species, and treeline dynam-
ics. Bhuju et al. (2010) provided baseline information on structural parameters, recruitment and 
growth patterns of Abies spectabilis and Betula utilis assessed at two permanent plots in the 
treeline ecotone in Sagarmatha National Park. Gaire et al. (2011) addressed dynamics of 
A. spectabilis based on tree-ring and stand structural data from a treeline ecotone in Langtang Na-
tional Park. By analysing the altitudinal distribution of tree, sapling and seedling densities and 
comparing total tree age distribution with elevation wise distribution the authors found an upward 
shift of A. spectabilis during recent decades. Recruitment patterns of A. spectabilis, derived from 
dendrochronological data, were assessed by Lv & Zhang (2012) from a study site in Mt. Everest 
Nature Reserve (across the border between Nepal and Tibet), showing a positive correlation with 
mean summer temperature. Shrestha (2013) ascertained significant but inconsistent growth re-
sponses to growing season and non-growing season climate factors of Abies spectabilis on a me-
sic north-facing slope in Langtang National Park and of Pinus wallichiana on a dry south-facing 
slope in Manang. The study did not reveal any significant variation in A. spectabilis and 
P. wallichiana treeline elevation over the past six decades and in the timing of the current treeline 
establishment. Another recent study (Gaire et al. 2014) investigated tree-rings of Abies spectabilis 
and Betula utilis from the treeline ecotone of Manaslu Conservation Area. A. spectabilis showed a 
high percentage of individuals younger than 50 years, indicating a high recruitment rate. Population 
structure along the elevational gradient indicated a distinct upward shift of A. spectabilis. In con-
trast, the upper limit of B. utilis occurrences did not change in the past decades. In general, the 
stand density increased. More recruits of A. spectabilis compared to B. utilis were found, pointing 
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to a change in dominance patterns. Gaire et al. (2014) also established a negative correlation of 
the increment of A. spectabilis with monthly mean and minimum temperatures from June to Sep-
tember of the current and of the previous year. Regeneration of the same species was favoured 
positively by precipitation and maximum temperature of current year’s August. Moisture stress dur-
ing the pre-monsoon season was found to limit the growth of B. utilis. Regeneration of 
A. spectabilis correlated positively with the above-average monthly maximum temperature during 
most of the months and with above-average precipitation during dry warm summer months.  
In conclusion, the use of dendrochronological/-ecological methods contributes to a better under-
standing of age structures, regeneration patterns, and dynamics of treeline ecotones. Most of the 
cited studies point to distinct growth responses of treeline trees to climate change with A. spectabi-
lis showing mainly positive correlations with climate warming, and B. utilis showing negative re-
sponse in particular to pre-monsoon warming. The low number of hitherto published studies restrict 
the drawing of wider conclusions regarding the correlations of climatic and other environmental 
factors with upper species limits, changing treeline ecotone species compositions and altitudinal 
shifts of species for the Nepal Himalaya. Comprehensive respective research programmes are 
badly needed. 
 

The project TREELINE 

State of the art and TREELINE objectives 

While at global scale plant growth limitation by low-temperature determines the position of natural 
alpine treelines (e.g., Troll 1973; Stevens & Fox 1991; Holtmeier 2009; Körner 2012), factors and 
mechanisms influencing treeline position and dynamics at smaller scales are not well understood. 
Recent studies on the world’s alpine treelines give evidence of both advancing treelines and rather 
insignificant treeline responses to climate warming (e.g., Baker & Moseley 2007; Hofgaard et al. 
2009; Wieser et al. 2009; Lv & Zhang 2012). The inconsistency of findings on changing treeline 
spatial patterns points to considerable research deficits concerning the sensitivity to climate 
changes. It is widely accepted that climate exerts a top-down control on local ecological processes 
at the treeline (e.g., Batllori & Gutiérrez 2008). It is not well understood, however, how landscape 
scale and local scale abiotic and biotic factors and processes interact and influence the treeline 
and its response to climate. Moreover, effects of climate warming often mix up with impacts of land 
use (Malanson et al. 2007; Batllori et al. 2009). In consequence, complex research approaches at 
local and landscape scales at natural treelines are needed (e.g., Malanson et al. 2011). 
The new research scheme “Sensitivity and Response of the Treeline Ecotone in Rolwaling Himal, 
Nepal, to Climate Warming” (TREELINE) aims at investigating treeline sensitivity and response 
using a landscape approach. The project focuses on spatially differentiated patterns and processes 
by correlating varied treeline responses to landscape- and local-scale site conditions and mecha-
nisms (geomorphic controls, soil physical and chemical conditions, plant interactions associated 
with facilitation, competition, feedback systems). This approach will allow inferences on how the 
region-wide climate warming input and finer-scale modulators interact to govern non-uniform 
treeline response patterns. 
The near-natural treeline ecotone in Rolwaling extends from the closed subalpine forest via timber- 
and treeline to the lower alpine vegetation belt. The near-natural status of the treeline can be at-
tributed to the remote location without connection to the road network (3 days walking distance), to 
the small human population and to the fact that plants and animals in Rolwaling are protected to a 
certain extend by the recurring Buddhist theme of a sacred hidden valley (Sacherer 1979). The 
study slopes show no signs of fire or of grazing by cattle. The Rolwaling River separates the unin-
habited north facing study site slope from the very sparsely populated south facing slope where 
human activities take place, albeit to a limited extent.  
Vegetation analyses include the sampling of tree individuals along elevational transects across the 
treeline ecotone with regard to growth rates, age structures, tree physiognomy, stand densities, 
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and tree recruitment. Moreover, we measure/analyse standard soil physical and chemical parame-
ters, altitude, slope, exposition and microrelief (percentage and size of rocks, stones and soil cov-
ering the ground), composition of ground vegetation, leaf area index, air temperature, solar radia-
tion, soil moisture, and soil temperature. We also sample naturally established seedlings of the 
treeline tree species, and correlate recruitment patterns with microhabitat conditions (vegetation 
and substrate cover, species composition, shelter elements, edaphic conditions) to analyse re-
quirements for successful recruitment. To assess the impacts of ongoing temperature enhance-
ment on seedling establishment, we install open top chambers at and above the treeline ecotone 
and replant seedlings of A. spectabilis to sites of experimental warming. Scenarios of treeline dy-
namics under climate warming will be based on the assessed interactions. Amongst others, we will 
apply statistical and forest growth models including data gained by dendrochronological methods 
(cf. Schickhoff et al. 2014). 
The objective of the dendroecological approach in TREELINE is to detect changes in age struc-
tures and recruitment of treeline stands and in radial increment of trees in order to evaluate wheth-
er the Rolwaling treeline advances or remains stable under the influence of climate warming. We 
collect and analyse tree-ring cores of treeline tree species with a focus on the dominant species 
Abies spectabilis and Betula utilis, and correlate tree-ring parameters with modelled climate varia-
bles (Gerlitz et al. 2014; Gerlitz 2014). Our sampling design stratifies each altitudinal transect 
(2 NE-exposed, 1 NW-exposed) in four belts of distinct vegetation patterns (named A to D). The 
lowest belts (A, B) contain mixed forest stands with the upper limits of tall, upright growing individ-
uals of Acer caudatum in A and of Abies spectabilis and Betula utilis in B. The third belt (C) repre-
sents the krummholz belt with dense and largely impenetrable Rhododendron campanulatum 
thickets and the species limit of B. utilis, while the uppermost belt (D) contains alpine vegetation 
with only small (DBH < 7 cm) and stunted individuals of A. spectabilis, Sorbus microphylla and 
Rh. campanulatum (Fig. 1).  
 

 
 
Figure 1: Tree species density in four altitudinal vegetation zones (A, B, C, D), forming the treeline ecotone 
in Rolwaling valley. 
 
Intensive tree-ring sampling, accompanied by comprehensive recording of tree growth parameters 
and spatial patterns, started in 2013 and was completed in September 2014. We sampled a total of 
c. 280 individuals of Abies and Betula each, c. 160 Sorbus trees and c. 40 trees of Acer and Rho-
dodendron of all diameter classes. We extracted two increment cores from each tree. We analyse 
all increment cores and test in particular the suitability of A. caudatum, S. microphylla and 
Rh. campanulatum for dendrochronological analyses since these species have hardly been sam-
pled to date. Tree-ring cores are prepared according to standard dendrochronological procedures 
(Pilcher 1990; Stokes & Smiley 1996). Annual rings are counted, measured and cross-dated in the 
recently initialised dendro-laboratory at the Institute of Geography, University of Hamburg using a 
LINTAB 6 measuring system and TSAP-Win software (Rinntech, Heidelberg). We apply standard 
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methods for cross-dating, detrending and correlating of annual radial increment with climatic varia-
bles (Fritts 1976; Cook 1985; Cook & Briffa 1990; Fang et al. 2014). Measured raw series of 
A. spectabilis cores point to the potential of establishing a 50 year long chronology covering the 
period of 2012 – 1962. The longest series from our sample measured so far dates back 200 years, 
but many trees are affected by heart rot causing substantial loss of the number of cores in the 
chronology already after about 50 years. An initial crossdating attempt of all measured raw series 
resulted in a mean Gleichlaeufigkeit value (GLK%, Eckstein & Bauch 1969) of about 50 % (max: 
67 %, min: 39 %) indicating the need for checking for missing and double rings. We will continue 
with exact cross-dating, accuracy checking, discarding of poorly correlated samples, detrending 
and standardisation of the ring-width series, and identification of pointer years. We found promising 
results for the crossdating suitability of Rh. campanulatum: The longest measured series compris-
es 136 years and 20 of the collected cores date at least 50 years back. Mean initial GLK calculated 
within the sites accounts for about 55 % (min: 36 %, max: 72 %) which is possible to improve by 
checking for missing and double rings and discarding of poorly correlated series. The wood is little 
infested by heart rot but the rings are difficult to measure precisely due to low visibility and small 
ring widths. 
More detailed results from dendrochronological/-ecological studies in TREELINE will be included in 
forthcoming publications. Preliminary findings point to complex growth and spatial patterns domi-
nated by the altitudinal gradient but influenced by environmental factors, e.g. soil properties and 
microclimate, at the small scale. 
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Appendix 

Overview of published and/or online available dendrochronological studies from Nepal. There are few stud-
ies with an explicit dendroecological background. RW: ring width, MLD: maximum latewood density, n.s.: not 
specified. 
 

authors + year 
published 

study area altitude [m] 
sampling site 

tree-ring 
research 
domain 

studied species studied 
parameters 

Suzuki 1990 Jumla District 3060 / 3100 
chronology + 

climate 
response 

Abies spectabilis, Picea 
smithiana , Pinus wallichiana 

RW 

Bhattacharyya et 
al. 1992 

25 sites across 
Nepal 

1320 – 3720 
chronology 

building 

Pinus roxburghii, Tsuga 
dumosa, Abies spectabilis, 

Cedrus deodara, Picea 
smithiana, Larix potanini, 
Juniperus recurva, Pinus 

wallichiana 

RW 

Schmidt 1992 South Mustang n.s. 

chronol. 
building with 

dendroarchaeol
ogical 

background 

Pinus sp. RW 

Gutschow 1994 
Kagbeni / South 

Mustang 
n.s. 

dendroarchaeol
ogy 

Pinus sp. RW 

Romagnoli & Lo 
Monaco 1995 

Western Nepal n.s. 
chronology 

building 

Betula utilis, Abies spectabilis 
, Juniperus sp., Picea 

smithiana, Pinus wallichiana 
RW 
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authors + year 
published 

study area altitude [m] 
sampling site 

tree-ring 
research 
domain 

studied species studied 
parameters 

Schmidt et al. 1999 
Mustang, 
Manang, 
Khumbu 

n.s. 

chronol. 
building with 

dendroarchaeol
ogical 

background 

Abies spectabilis , Pinus 
wallichiana, Picea smithiana 

RW 

Schmidt et al. 2001 
Kagbeni / South 

Mustang 
n.s. 

dendroarchaeol
ogy 

Pinus wallichiana, Cupressus 
torulosa 

RW 

Cook et al. 2003 
25 sites across 

Nepal 
1830 – 3630 

climate 
reconstruction 
(temperature) 

Abies spectabilis, Tsuga 
dumosa, Pinus wallichiana, 
Juniperus recurva, Picea 

smithiana, Ulmus wallichiana 

RW 

Zech et al. 2003 Gorkha Himal n.s. 
climate 

reconstruction, 
glacial history 

Abies spectabilis RW 

Bräuning 2004 
Mugu and 

Dolpo 
3500 / 3850 / 

4020 

chronol. 
building + 

climate 
response 

Abies spectabilis, Betula 
utilis, Pinus wallichiana 

RW, MLD 

Sano et al. 2005 Humla District 3850 
climate 

reconstruction 
(temperature) 

Abies spectabilis 
RW, 

densities 

Chhetri 2008 
Langtang 

National Park 
n.s. 

chronol. 
building + 

climate 
response 

Abies spectabilis RW 

Udas 2009 Mustang District 
3415 – 3242  
3220 – 3092 

chronol. 
building + 

climate 
response 

Abies spectabilis RW 

Bhuju et al. 2010 
Sagarmatha 

National Park 
3850 / 4050 dendroecology Abies spectabils, Betula utilis RW 

Chhetri & Thapa 
2010 

Langtang 
National Park 

3309 / 3444 

chronol. 
building + 

climate 
response 

Abies spectabilis RW 

Sano et al. 2010 Humla District 3850 

chronol. 
building + 

climate 
response 

Abies spectabilis RW, 18O 

Suwal 2010 
Manaslu 

Conservation 
Area 

3624 - 3841 dendroecology Abies spectabils RW 

Tenca & Carrer 
2010 

Khumbu 3800 - 4100 

chronol. 
building + 

climate 
response 

Abies spectabils, Betula utilis RW 

Bräuning et al. 
2011 

upper Dolpo n.s. 

chronol. 
building with 

dendroarchaeol
ogical 

background 

Pinus wallichiana 
RW, 14C 
dating 

Gaire et al. 2011 
Langtang 

National Park 
3730 - 3950 

climate 
response, 

dendroecology 
Abies spectabilis RW 

Sano et al. 2012 Humla District 3850 
climate 

reconstruction 
(precipitation) 

Abies spectabilis 
RW, 

densities, 
18O 
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authors + year 
published 

study area altitude [m] 
sampling site 

tree-ring 
research 
domain 

studied species studied 
parameters 

Dawadi et al. 2013 
Langtang 

National Park 
3780 / 3950 

chronol. 
building + 

climate 
response 

Betula utilis RW 

Scharf et al. 2013 Dolpo n.s. 

chronol. 
building with 

dendroarchaeol
ogical 

background 

Pinus wallichiana 
RW, 14C 
dating 

Shrestha 2013 
Manang, 
Langtang 

National Park 
3770 - 4180 

climate 
response, 

dendroecology 

Abies spectabils, Pinus 
wallichiana 

RW 

Shrestha et al. 
2013 

Dolakha District 900 - 1750 
construction of 

allometric 
model 

Pinus roxburghii RW 

Gaire et al. 2014 
Manaslu 

Conservation 
Area 

3690 - 3996 
climate 

response, 
dendroecology 

Abies spectabilis, Betula utilis RW 

Liang et al. 2014 

Sagarmatha 
NP, Langtang 
NP, Manaslu 

CA 

3900 - 4150 
climate 

response, 
dendroecology 

Betula utilis RW 
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