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COP 18 on the UNFCCC and Nepal
 
The 18th Conference of the Parties (COP) on the UN Framework Convention on 
Climate Change (UNFCCC) was held at Doha, Qatar during 26 November –7 
December 2012 to address the current climate change issues at all levels. The 
conference concluded with a number of decisions including the Green Climate 
Fund (GCF) and additional guidance to the least developed countries’ fund. The 
representatives from 195 parties had taken part in the Convention. On behalf of 
the Government of Nepal, the Ministry of Science, Technology and Environment 
had led the delegation. The conference is an important forum especially for the 
least developed countries like Nepal. The countries shared their experiences 
regarding the impacts as well as adaptation and mitigation of the climate change 
phenomena with the global communities. 

The conference produced a package of documents collectively titled as ‘the Doha 
Climate Gateway’ containing the decisions of the conference. The important 
decision was made on the amendment of the Kyoto Protocol (to be ratified before 
entering into the force) to be continued until the second commitment period 
running from 2013 to 2020. The governments have agreed to establish the legal 
instrument for smooth implementation of the protocol. The conference realized 
the approaches that address loss and damage associated with climate change 
impacts in developing countries that are particularly vulnerable to the adverse 
effects of climate change to enhance adaptive capacity. It is noted that a range of 
approaches, methods and tools is available to assess the risk, and to respond to 
loss and damage associated with the adverse effects of climate change. 

During the conference, the governments have agreed to make a universal climate 
change agreement covering all countries until 2020, to be adopted by 2015. For 
the purpose, the member countries will closely work together during 2013 to 
prepare the new agreement and to explore further ways in reducing the emission 
level. As per the agreement, the governments will submit their information, 
views and proposals on actions and initiatives regarding the emission cut to the 
UN Climate Change Secretariat, by 1 March 2013. The conference decided to 
develop the mechanism particularly needed for the smooth implementation of 
technology transfer and financial support to the developing countries. The GCF 
is expected to start from second half of 2013 so that activities can be launched in 
2014. Realizing the importance of the climate technology matters, the member 
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parties further decided to establish a Climate Technology Centre (CTC) as the 
implementing wing of the UNFCCCs Technology Mechanism and to endorse the 
constitution of the CTC Advisory Board. 

Climate financing was the core part of the discussion in the conference though no 
such exciting agreements have been made so far as expected by the least developed 
and developing countries. Developed countries only repeated their commitment 
to continue long term climate finance support to developing countries as promised 
during the COP 17. It is expected that the member countries will work on long-
term financing mechanism during 2013 to support on-going efforts as well as to 
scale up existing mobilization of climate finance resources. 

The conference was important from the forestry perspective as well since the 
forum was used to clarify the ways and means to measure deforestation. More 
importantly, the global community has assured that the efforts against deforestation 
and forest degradation will be supported and compensated. Nepal was successful 
to deliver its ideas on the climate change issues of the nation including the 
REDD+ during the conference though outcomes from the discussion were not 
relatively satisfactory as expected for the least developed countries like Nepal. 
Nepal is a pilot country for the implementation of Reducing Emission through 
Deforestation and Forest Degradation (REDD) program, the presence of forestry 
professionals and the relevant government institutions in the conference is very 
important. In Nepal, the Department of Forest Research and Survey under the 
Ministry of Forest and Soil Conservation is responsible for carrying out forest 
resource inventory at regional and national levels. It is equally responsible for 
MRV (monitoring, reporting, and verification of the forest resources) component 
of REDD+ initiative in Nepal. 
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In recent years, policy makers have been 
searching for different ways to mitigate 
the effects of rising Green House Gases 

(GHGs) concentration. Particular interest has 
been directed towards carbon stocks in forests 
which are the main terrestrial sinks for carbon 
(Balboa-Murias et al., 2006; Deng et al., 2011). 
Each cubic meter of wood stores approximately 
200 kg of carbon in forests, and for every 
ton of carbon sequestered in forest biomass,  
3.667 tons of CO2 are removed from the  
atmosphere (Krcmar et al., 2001). Globally, the 
quantity of carbon stored in terrestrial ecosystem is  
2477 billion tons, where soil and vegetation 
accounts for approximately 81%, and 19%, 
respectively (Ravindranath and Ostwald, 2008). 
Previous studies suggest that costs of carbon 
sequestration in forests are comparable to, and 
in some cases lower than, the costs of alternative 
mitigation and abatement approaches (Matthews 
et al., 2002). Their role in cost effective mitigation 
of atmospheric carbon dioxide has been widely 
recognized (Richards and Stokes, 2004; Sohngen 
and Brown, 2008; Nepal et al., 2012). 

With the growth of community forests throughout 
the developing world, there is potential for them 
to play a significant role in sequestering and 
storing atmospheric carbon. There is growing 

interests among policymakers and others in 
receiving carbon offset payments through carbon 
trading mechanisms as a means of generating 
income for local communities. Preliminary 
research findings from carbon monitoring surveys 
of selected community forests in Nepal suggest 
that carbon stocks are increasing at the rate of  
2 to 5 tons per hectare per year (Dahal and 
Banskota, 2009). Thus, carbon offset payments 
could be another potential source of income to 
community forest users in addition to benefits 
from timber and resin. In this paper we have done a 
financial analysis of the management of Chir pine 
(Pinus roxburghii) forest plantations considering 
carbon offset payments, resin and timber  using a 
Hartman model to estimate the optimal rotation 
age and land expectation value (LEV) at a range 
of carbon offset prices (in addition to timber and 
resin benefits). We have also estimated the impact 
of different assumptions of carbon emissions from 
the harvesting of wood products (or pickling rate) 
on the optimal rotation age and LEV. Finally, the 
impact that carbon offset payments would have 
on the optimal mix of forest products (timber and 
resin) from the plantation stand have also been 
estimated. The specific aim of this study is to 
estimate the magnitude of the impacts of carbon 
offset payments on Chir pine plantations grown 
in a community forest context in Nepal.

A financial analysis was done for Chir pine (Pinus roxburghii) plantations 
that produce carbon offset payments, timber and resin in a community forest 
context in Nepal. Results indicate that the inclusion of carbon offset payments 
increases rotation age and land expectation value. The optimal rotation age 
is approximately 35 years without including carbon offset payments, while the 
rotation age can increase beyond 75 years with the inclusion of carbon offset 
payments. The substantial change in optimal rotation age also suggests that 
carbon offset payments will likely change the product mix produced from Chir 
pine plantations. Likewise, land expectation value increases significantly with 
carbon offset payments indicating that local communities could benefit from 
such payments. The results also indicate that different assumptions about the 
quantity of long term carbon storage (i.e. pickling rate) have a significant impact 
on rotation age and land expectation value.

Key words: Pinus roxbughii, land expectation value, carbon offset payment,         
          resin
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Chir pine is a common coniferous species 
of the mid-hills regions (900–1950 m) of 
Nepal, and growing up to 2700 m (Jackson, 
1994). It is found ranging from longitudes of 
700 E to 930 E and latitudes of 260 N to 360 N 
(Ghildiyal et al., 2009). Naturally, it is distributed 
from Bhutan (only in drier areas), Northern 
India, Nepal (south of Tibet), Pakistan, and 
Afghanistan (Dogra, 1985; Yi and Raven, 1999;  
Gauli et al., 2009). It has standing volume of 
6.3% of the total forest in Nepal (DFRS, 1999); 
proportionally the fourth highest total tree 
volume in the country. Establishing Chir pine 
on heavily degraded forest sites and grazing 
lands is an integral component of community 
forestry activities in the hill regions. Due to 
its high survival rate, it has proved to be a 
successful pioneer of most degraded sites  
(Mohns et al., 1988). In Nepal, Chir pine is 
the only species tapped for resin, and currently 
resin tapping is being done in around 35 out of  
75 districts of Nepal. On average, one 
person can earn up to NRs. 30,000 
($400) in the eight months tapping period  
(Upadhyay, 2008). According to Resin Tapping 

Guideline of Ministry of Forests and Soil 
Conservation (2007), resin tapping could be done 
when the diameter at breast height (DBH) reaches 
30 cm. Resin is used for manufacturing of rosin 
and turpentine. Rosin is used in manufacturing 
of adhesives, paper sizing agents, printing 
inks, detergents etc., while turpentine is used in 
disinfectants, cleaning agents, pharmaceutical 
preparations, perfumery industry and others 
(Coppen and Hone, 1995; Wang et al., 2006; 
Thakur, 2003).

Materials and methods

In this section we discuss how timber volume 
and the quantity of sequestered carbon were 
calculated. We  also discuss how we used the 
Hartman (1976) model to estimate the optimal 
rotation age and economic returns from timber, 
resin and carbon offsets. This analysis makes 
use of thinning regime for a Chir pine plantation 
(Table 1). 

Timber and resin yield

The portion of the tree greater than 20 cm in 

Plantation Age (year) Stems/ha Stems/ha after thinning Stems thinned/ha

5 1600 1600 0
10 1600 1600 0
15 1600 1400 200
20 1400 1050 350
25 1050 900 150
30 900 800 100
35 800 625 175
40 625 500 125
45 500 400 100
50 400 300 100
55 300 225 75
60 225 190 35
65 190 145 45
70 145 145 0

75 (last cut) 145 0 145
Total 1600

Table 1: Chir pine plantation thinning regime used in the analysis

Source: DFRS, 2007
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diameter is considered big timber that is used 
in construction and similar purposes. Timber of 
this size class usually gets a higher price than 
smaller timber. Small timber was assumed to 
consist of the portion of the tree greater than  
10 cm in diameter but less than 20 cm in diameter. 
The remainder of the tree volume was considered 
slash (not sold). To calculate the various timber 
product classes, first the whole tree volume was 
calculated followed by the volume up to 10 cm 
in diameter, and then subtracted from the whole 
tree volume. This gives the portion of tree stem 
that is considered slash.  Next the volume of the 
stem up to 20 cm in diameter was calculated and 
subtracted from the volume up to 10 cm. This 
gives the volumes of big and small timber. The 
volume of bark was subtracted from the volume 
of big and small timber and included as slash. 
All equations for volume calculations are based 
on the work of Sharma and Pukkala (1990) and 
are given in table 2. Height and DBH were taken 
from growth and yield data from 219 trees in 
Himachal Pradesh, India (Tewari, 1994)3. Because 
the DBH and height data were only given in 10 
year increments, total tree, big timber, and small 
timber volumes were fitted to the following 
functional form, using nonlinear regression to 
obtain continuous yield functions:

v(t) = atbe-ct .............................................................................(1)

Where  v (t) is the volume of timber per hectare 
for a particular stand age, t is the stand age in years 
and a, b, and c are parameters to be estimated. 
Resin yield was assumed to be 4.25 kg per tree 
per year and begin when DBH equals 30 cm 
(MFSC, 2007).

Carbon offsets

In general, carbon content is assumed to be 
50% of dry matter (Negi et al., 2003; Lamlom 
and Savidge, 2003; Sharma and Singh, 2010). 
However, a Chir pine specific carbon content of 
46.32%, based on the work of Negi et al. (2003), 
was used in this analysis. The dry density of 
Chir pine is 0.497 metric tons per cubic meter 
(Chaturvedi and Khanna, 1982). Thus the carbon 
per cubic meter of Chir pine can be estimated 
by multiplying the volume (in cubic meters) by 
0.2302 (0.497 x 0.4632). Since, CO2 equivalents 
are traded in the market, not carbon, we converted 
the amount of carbon into CO2 equivalents by 
multiplying by 3.67. Hence, all the carbon benefits 
are presented as CO2 equivalents.

Land expectation value (LEV) calculation

The present value of carbon was calculated using 
equation 2.

KC and Stainback

3The growth and yield data used in this analysis do not allow for variation in plant density or site quality. Some 
publications on Pinus roxburghii by Applegate et al. (1988) and Gilmour et al. (1990) provide some data in this 
regard. Likewise, a working paper by Rautiainen (1991) also provides some information regarding stocking,  
diameter and height for specific ages of plantations of Pinus roxburghii in the Nepalese context. However, they do 
not provide sufficient information to estimate yields. Therefore, data from Tewari (1994) was used in this study.

S.No   Equations     Parameter definition

1. Volume  In (v)=a(-2.9770)+b(1.9235)*In(d)+c*1.0019)*    V= total stem vol. with bark (dm3)
   In(h)                   d= diameter (cm)  
               h= height (m)
2. Proportion of tree top  In (V1/V)=a(6.2696)+b(-2.8252)*In(d)                 V1= over bark vol.of tree top        
     (beyond 10cm)             V = total over bark stem vol.

3. Proportion of timber In (V2/Vt)=a(8.5662)+b(-3.0486)*In(d)        V2=over bark vol. of  the portion of 
     beyond 20 cm dia.but             timber beyond 20 cm in dia. 
     > 10 cm in dia.                                                        but>10cm in dia. 
               Vt = total over bark vol. up to 
               10 cm in dia.

4. Proportion of bark in  In (Pb)=a(1.1763)+b(-0.6997)*In(d)         Pb = bark proportion
     timber >10 cm in dia.

5. Proportion of bark in  In (Pb)=a(1.2535)+b(-0.7194)*In(d)         Pb = bark proportion
    timber >20 cm in dia.

Table 2: Equations used for timber calculations (Sharma and Pukkala, 1990)
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PVc = 
t

0
∑ Pcα{v(t) - v(t-1)}e-rt- Pcα(1-β)v(t) e-rt ...... (2)

Where, PVC  is the present value of carbon over 
one rotation or harvest cycle in $/hectare, PC is the 
price of carbon ($/CO2 equivalent), α represents 
the metric tons of carbon per cubic meter of tree 
biomass, v (t) is the volume of timber calculated 
at a particular stand age, β is the pickling rate 
or the amount of carbon sequestered long-term 
after harvest, and r is the discount rate. We did a 
sensitivity analysis of different carbon prices of 
$0, $2, $5, $10, $25 and $50. The discount rate 
is assumed to be 10%. This discount rate is based 
on a literature review as well as personal contacts 
with Forest Officers at Department of Forest, 
Kathmandu, Nepal. The analysis was done with 
different values of the pickling rate β (0, ½, and 
1) for big timber. A pickling rate of 0 indicates 
that all the carbon sequestered during tree growth 
will be emitted back into the atmosphere through 
decay or burning soon after harvest. Likewise, 
a pickling rate of 0.5 indicates that 50% of the 
sequestered carbon will be emitted back into the 
atmosphere soon after harvest and 50% will remain 
sequestered. A pickling rate of one indicates that 
all sequestered carbon remains sequestered after 
harvest. For small timber and slash the pickling 
rate was assumed to be 0.

The present value of timber was calculated by 
using equation 3:

PVt =Prv(t)e-rt ............................................... (3)

Where, PVT is the present value of timber in  
$/hectare, PT is the price of timber in  
$/cubic meter, r is the discount rate, and t equals 
the stand age in years. We use a timber price of 
50 (approximately $0.625) Nepalese Rupees per 
cubic foot for big timber and 50% of this price for 
small timber (GoN, 2005). Likewise, the present 
value of resin was calculated by using equation 
4:

 PVr = 
t

0
∑ PrVr(t)e-rt  ..................................... (4)

Where PVR is the present value of resin in  
$/hectare, PR is price of resin in $/ton, vr(t) is the 
volume of resin calculated at a particular age (t), r 
is discount rate, and t is the stand age in years. We 
are using resin price of 6 (approximately $0.075) 
Nepalese Rupees per kg for this analysis (GoN, 
2005). The cost of resin tapping is assumed to be 

borne by resin traders so are not included in the 
financial analysis.

Establishment cost (EC) is a cost associated with 
plantation in the plantation year which is assumed 
to be NRs. 3200/ha (approximately $43) based 
on personal communication with Forest Officers 
at Department of Forest. We assume forest 
management and thinning costs to be zero because 
it will be carried out with community labor or 
community participation. All of the harvesting 
costs are assumed to be paid by the timber buyer 
or timber harvesting company and therefore 
considered to be external to the community.

Finally, LEV was calculated using present value of 
carbon, timber and resin along with establishment 
cost using equation 5:

LEV = (PVc+PVt+PVr-EC)/(1-e-rt) ........... (5)

Where, LEV is the land expectation value in  
$/hectare assuming the forest stand is management 
in perpetuity for timber, carbon and resin. PVc 
equals the present value of carbon in $/hectare over 
one harvest cycle, PVT equals the present value of 
timber in $/hectare over one harvest cycle, PVR 
is the present value of resin in $/hectare over one 
harvest cycle, r is the discount rate and t equals 
the stand age in years. LEV results are presented 
in US dollars based on the exchange rate of  
$1 = NRs. 75.

Results and discussion

Land expectation value (LEV)

Figure 1 shows the relationship between carbon 
prices and LEV. The LEV increases significantly 
with an increase in carbon price. With a carbon 
price of 0 (i.e. only with timber and   resin benefit), 
LEV is $35.25 per hectare. As soon as carbon 
price increases from $2 to $ 50, LEV increases 
from $51.18, $52.84, and $54.49 to $503.63, 
$538.19, and $572.75 at different pickling rates 
(β) of 0, 0.5, and 1, respectively. Therefore, 
there would be a substantial increase in LEV 
with the increase in carbon prices regardless of 
the assumption made about carbon emissions 
at harvest. Similar results were observed (i.e. 
increased LEV with inclusion of carbon benefit) 
by Andrew Stainback and Alavalapati (2002) and  
Dwivedi et al. (2009). LEV is higher at larger 
pickling rates due to emission costs (i.e. higher 

KC and Stainback
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emission cost when pickling rate of 0, lower 
emission cost with pickling rate of 0.5, and no 
emission cost when pickling rate of 1) at the time 
of harvest.

Fig. 1: LEV (US $) at different prices of carbon 
and emission assumptions (β) at harvest

Optimal rotation age

Figure 2 shows the overall results for optimal 
rotation as a function of carbon offset price at three 
different pickling rates. Due to the uncertainty of 
carbon markets and future carbon offset prices, 
we considered a wide range of carbon prices from 
$2 to $50. All the results assume a discount rate of 
10%. The optimal rotation age is 35 years when 
there is no income from carbon. When the price 
of carbon is $2 per ton and above, the optimal 
rotation age increases. Therefore the price of 
carbon has significant effect on the optimal 
rotation age as well as LEV. Several other studies 
also concluded that optimal rotation age increases 
with the inclusion of carbon offset payments 
(Romero et al., 1998; Andrew Stainback and 
Alavalapati, 2002; Kooten et al., 1995; Price and 
Willis, 2011). At a pickling rate of 0, rotation age 
will be higher than when pickling rate is 0.5 or 1. 
This result is more pronounced at higher carbon 
prices.4  A pickling rate of 0 means that all the 

carbon sequestered will be emitted back into the 
atmosphere when harvested. With this pickling 
rate, there would be higher emission costs at the 
time of harvest, which creates an incentive to 
delay harvest. 

In addition, carbon payments increase big timber 
supply and resin production due to extending 
the rotation age. However as the carbon price 
increases the supply of small timber declines. 
When the rotation age is increased due to carbon 
payments, then there are two effects on timber 
supply. As the trees age due to a longer rotation 
age, more timber is produced. However the stand 
is also harvested less frequently due to the longer 
rotation age. To account for both of these impacts, 
timber supply is calculated assuming a regulated 
forest by dividing the volume of timber produced 
at the end of the rotation by the length (years) of 
the rotation.  Figure 3 shows the amount of big 
timber and small timber volume produced at 
different carbon prices and pickling rates. Only 
trees with a diameter of 30 cm DBH are considered 
capable of producing resin. Thus, as the rotation 
age is lengthened resin production increases.

Fig. 3: Big timber volume and small timber 
volume at different prices of carbon and 
emission assumptions (β) at harvest

Conclusion

Chir pine is a common forest type found in the 
mid-hills region of Nepal managed both by 
communities and private enterprises. In this study 
we modeled how carbon offset payments would 
impact the optimal rotation age and LEV of Chir 
pine. In the community forestry context, where 
forests are managed for big timber, small timber 
and resin, carbon offset payments substantially 
increase the optimal rotation age and the LEV. 

KC and Stainback

4When the carbon price is $25 per ton then the rotation age is at or above the model maximum of 75 years at all pickling rates.

Fig. 2: Optimal rotation age at different prices 
of carbon and emission assumptions (β) at har-
vest
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The increase in LEV could bring much needed 
cash income to local communities in the region. 
The increase in the rotation age would increase 
the amount of big timber and resin and decrease 
the amount of small timber produced from each 
harvest. Since timber and resin is a primary source 
of income from Chir pine plantation, carbon offset 
payment additionally could substantially increase 
economic benefit to the community. The increase 
in cash income due to carbon offset payment 
could also allow local communities to engage in 
more intensive forest management which would 
potentially bring additional benefits.

Future studies could investigate the impact that 
carbon offset payments would have on forest 
management variables other than rotation age (e.g. 
spacing and alternative thinning regimes). This 
study only considered forest management at the 
stand level. However, the substantial increase in 
LEV due to carbon offset payments could induce 
local communities to plant and manage forest on 
more marginal land. Thus, economic studies that 
included impacts on the extensive margin could 
be useful. Finally, due to limited data, the growth 
and yield information utilized in this study comes 
from regions in India that have similar growing 
conditions to those in the mid-hills region of Nepal. 
Growth and yield information specific to the mid-
hills region of Nepal could improve future studies.  
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The Nepalese community forestry programme 
is internationally well known – it has a long 

history and it is considered largely successful 
(Chhetri, 2006). Many studies on community 
forestry in Nepal have focused on the economic 
contribution from the forest and aspects related 
with the distribution of benefits (Adhikari, 2005; 
Chhetri, 2010), while fewer have looked at forest 
growth. The general perception is, however, that 
community forestry succeeds on conserving the 
forest while allowing local users to extract forest 
products primarily for subsistence (Pandit and 
Bevilacqua, 2011). However, the community 
forestry programme also allows for commercial 
harvest of forest products, including timber 
through sustainable forest management. 

The Community Based Natural Forest 
Management in the Himalaya (ComForM) project 
is a research capacity development programme 
implemented in collaboration between the Institute 
of Forestry, Pokhara and Hetauda, Department 
of Forest Research and Survey, Kathmandu, and 
plots in four forests under community-based 
management to monitor the development and use 
of the University of Copenhagen, Denmark. The 
project has established a system of permanent 
sample forest to assess the sustainability of 
forest management in terms of woody biomass 
yield. The present paper reports results from 
plot measurements in 2005 and 2010, including 

descriptive data from 2010, the most recent 
situation, and data on the increment between 2005 
and 2010. The objective of the paper is to make 
the plot network known to a wider audience, to 
inspire similar work elsewhere and to provide 
baseline data that can be used by future studies.

Materials and methods

Study sites

Permanent sample plots were located at the 
southern edge of the Middle Hills, in the Middle 
Hills, and in the lower Trans-Himalayan zone 
representing three physiographic zones of central 
Nepal. The forests were Kankali community 
forest (27.65° N, 84.57° E) in Chainpur Village 
Development Committee (VDC), Chitwan 
District, Tibrekot Community Forest (28.29° N, 
83.93° E) in Hemja VDC, Kaski District, and the 
forests of Lete and Kunjo (28.64° N, 83.62°E) 
VDCs, Mustang District in the Annapurna 
Conservation Area. The dominant vegetation 
types represented are tropical Shorea robusta 
forest in Kankali (760 ha), subtropical Schima-
Castanopsis forest in Hemja (79 ha) and temperate 
Pinus wallichiana forest in Lete and Kunjo  
(501 and 677 ha, respectively). 

Plots were allocated to forest strata according 
to the principles of stratified random sampling 
described by Meilby et al. (2006). Within each 
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stratum, plots were distributed spatially using 
a principle known as a ‘coffee-house’ design, 
which is a restricted random approach where the 
location of the first plot is totally random and each 
additional plot is located such that the minimum 
distance to neighbouring plots is maximized 
(Müller, 2001). Plots that could not be established 
at the point initially selected, because this point 
was inaccessible (precipitous slope, gorge), were 
moved in steps of 50 metres in a random direction 
until an accessible point was reached.

Measurements were undertaken in a total of 241 
permanent 20 x 25 m sample plots in the four 
forests in the spring of 2005 and repeated in 
2010 (Fig.1). Plots were marked using concrete 
pillars, painted numbers and sign boards but 
the permanence of these was not in all cases 
satisfactory. Nevertheless, all plots except one 
in Kunjo were found again in 2010. Due to the 
establishment of a Maoist encampment in five 
plots and the clearing of a Dalbergia sissoo 
plantation with four plots in Kankali, two new 
plots were established in that forest and measured 
for the first time in 2010. Furthermore, one 
extra plot was established in Tibrekot forest and 
measured for the first time in 2010.

The basic plot design was based on MFSC 
(2000) and included three nested levels: trees 
with a diameter at breast height (DBH) of at  
least 10 cm were measured within the whole  
20 x 25 m2 plot, trees with DBH 4–9.9 cm were 
measured within an interior 10 x 15 m2 plot, and 
trees with DBH 2–3.9 cm were measured within 
an interior 5 x 5 m2 plot. Parameters measured 
included species identification, positioning and 
DBH for all trees. Tree height was measured for a 
set of panel trees (species- and diameter-stratified; 
1258 trees in 2005, 1146 trees in 2010). In 2010 
the health and quality was also assessed for these 
panel trees. Stumps of trees that had disappeared 
between 2005 and 2010 were registered as felled 
trees. Crown cover was assessed at 30 points in a 
regular 5 x 5 m grid across each plot.

To provide an overview, not only of standing 
biomass but also its potential value, stand 
density and volume were estimated for trees in 
10 cm diameter classes. To include estimates of 
firewood, volume of trees with a diameter lower 
than 10 cm was included. Total volume was 
estimated using volume functions developed by 
Sharma and Pukkala (1990). Spatial interpolation 
was carried out using kriging and maps showing 

the spatial variation of standing volume in 2010 
were prepared.

Results and discussion

For 2005 and 2010 a total of 9603 trees were 
registered, 7111 were alive in both years,  
1023 trees had grown into the sample by reaching 
the minimum diameter in 2010, and 1412 trees 
had been harvested in the period between the two 
measurements. Only seven trees were missing 
from the database, meaning that their presence 
was registered but they had not been measured 
in 2005 or 2010. Fifty trees that were registered 
in 2005 were recorded as standing dead trees in 
2010. 

!

Fig.1: Location of permanent sample plots 
(rectangular symbols) in the four forests. 
Stratification is indicated by shading and 
numbers. For detailed information on the 
strata please refer to Meilby et al. (2006).

Data describing the state of the forest in 2010 
are presented in table 1. Standing volumes 
were high in Lete and Kunjo VDCs, lower in 
Tibrekot Community Forest (CF) and even 
lower in Kankali CF, most of which is young 
regeneration forest (Stratum 2 in Fig.1) that used 
to be severely degraded and has regenerated after 
the establishment of the Community Forest User 
Group (CFUG) in 1995. Periodic annual volume 
increment was slightly higher in Kunjo than in 

Puri et al.
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Lete, presumably because part of the forest in 
Lete (Strata 2 and 3, Fig. 1) is relatively open, 
even though this is not indicated by the overall 
basal area and volume estimates. The estimated 
volume increment was highest in Kankali, 
possibly because – as mentioned – most of the 
forest is very young.

The standard errors (not shown) of DBH and 
height are generally 2–7% of the estimates, 
those of stem number, basal area and volume are 
5–15%. The standard errors are low for Kunjo, 
Tibrekot and Kankali, but for Lete they are 
somewhat higher due to the large variation of the 
forest around Lete with strata characterised as 
open pine forest, dense pine forest, degraded pine 
and Tsuga, Rhododendron forest, and dense old-
growth forest with very large old Tsuga trees and 
large pines. Meilby et al.(2006) estimated that 
about 50 plots in Lete would lead to a precision 
of about 10% on basal area, and with 59 plots 
established this estimation was confirmed with a 
standard error of basal area of 11% of the mean.

Based on data from 2010, figure 2 and table 2 
present height-diameter regressions for the most 
important tree species and the corresponding 
regression parameter estimates, respectively. Tree 
species were similar in Lete and Kunjo and there 
was almost no difference within species between 
diameter-height relationships in the two forests. 
Models were therefore prepared for the material 
as a whole. Compared to Tibrekot, the maximum 
height of trees in Lete, Kunjo and Kankali was 
considerably higher. In Kankali, the tallest tree 
species were Terminalia alata and Shorea robusta, 
in Lete and Kunjo, the tallest species were Tsuga 
dumosa, Abies sp. and Pinus wallichiana, and in 
Tibrekot the maximum height of Schima wallichii 
exceeded that of other species.

Figure 3 presents diameter distributions of trees 
in the four forests in 2010. In all forests the 
distributions were reverse J-shaped with low 
densities of large-diameter trees, and the density 
is therefore shown on a logarithmic scale. Lete 
was characterized by relatively high densities 

Table 1: Results from permanent sample plots in 2010 (n=240)
Village / 

forest
Number 
of plots

Stem 
number

[ha-1]

DBH 

[cm]

Height 

[m]

Basal 
area

[m2ha-1]

Standing 
volume

[m3ha-1]

Periodic 
ann. volume 
increment† 

[m3ha-1yr-1]

Lete 59 821 24.6 12.9 31.8 274 3.9
Kunjo 63 662 28.6 16.8 32.9 311 4.9

Tibrekot 52 1170 19.5 11.0 28.8 178 2.5

Kankali 66 2110 12.0 8.4 20.0 134 7.6
† NB: estimates include recruitment of trees that were previously too small, but trees that were felled 
between 2005 and 2010 are not considered as the year of felling is unknown. Estimates are thus likely 
to be conservative.

Puri et al.

Fig. 2: Height-diameter regressions for the most important tree species found in the permanent 
sample plots in the three physiographic regions (n=1146, measurements conducted in 2010)
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for very small and very large trees, indicating 
that certain parts of the forest are regenerating  
(Strata 2 and 3 in Fig.1) and other parts were highly 
stocked old-growth forest (Stratum 4 in Fig.1). 
In Kunjo medium-sized trees were relatively 
abundant while the number of small trees was not 
particularly high, indicating that most of the forest 
is either medium-aged or mature forest. In Tibrekot 
the diameter distribution is depicted as almost 
linear on the logarithmic density axis, except that 
there were still more large trees left than would 
be expected if the diameter distribution had been 
exponential. Finally, the forest in Kankali was 
clearly characterised by large densities of trees 
less than 20 cm in diameter.

Fig. 3: Diameter distributions in 2010. Error 
bars indicate standard errors. Please note that 
vertical axes are logarithmic

Puri et al.

Table 2. Regressions of tree height (h, metres) on diameter (d, centimetres): h = 1.3 + (d / [a 
+ b*d])3, where a and b are parameters to be estimated (n=1146, measurements conducted in 
2010)

Parameter estimates Model statistics

Site Species a SE(a) b SE(b) n RMSE R2

Kankali
Shorea 2.226 0.255 0.312 0.008 85 5.15 0.924
Lagerstroemia 1.505 0.468 0.364 0.033 31 3.16 0.921
Terminalia 5.410 1.346 0.245 0.025 17 5.83 0.922
Cleistocalyx 1.217 0.291 0.390 0.016 31 2.35 0.962
Dalbergia 1.586 0.509 0.345 0.030 11 2.56 0.968
Holarrhena 1.296 0.262 0.431 0.020 20 1.04 0.985
Other species 1.608 0.202 0.378 0.012 81 2.67 0.934
All species 2.443 0.127 0.314 0.005 276 4.08 0.917

Tibrekot
Schima 2.050 0.174 0.343 0.006 135 3.29 0.953
Castanopsis 1.611 0.212 0.389 0.011 105 2.86 0.933
Engelhardia 1.984 0.293 0.391 0.014 61 2.42 0.940
Myrica 1.310 0.337 0.457 0.018 47 1.79 0.955
Other species 0.595 0.447 0.483 0.035 23 2.83 0.899
All species 2.260 0.128 0.355 0.005 372 3.33 0.923

Lete and Kunjo
Pinus 2.219 0.141 0.307 0.004 251 4.36 0.950
Tsuga 3.849 0.588 0.279 0.010 39 6.37 0.936
Cupressus 3.236 0.548 0.307 0.012 43 4.75 0.931
Abies 3.336 0.628 0.288 0.018 33 4.82 0.927
Rhododendron 1.656 0.522 0.450 0.028 27 2.22 0.925
Other species 2.937 0.355 0.373 0.012 105 3.30 0.893

Lete All species 2.933 0.237 0.319 0.007 249 5.42 0.873
Kunjo All species 2.697 0.177 0.299 0.005 249 4.98 0.936
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Figure 4 presents the standing volume of the four 
forests in 2010, by species. As indicated above the 
forests of Lete and Kunjo were quite similar but 
the species composition was different. In Kunjo 
two-thirds (65%) of the volume was contributed 
by P. wallichiana and most of the remaining 
one-third was distributed to T. dumosa (21%) 
and Cupressus torulosa (7%), but in Lete the 
contributions of Pinus (43%) and Tsuga (35%) 
were almost similar, Cupressus (0.02%) was only 
found in a single plot, and a large group of ‘other’ 
species contributed about one-sixth of the total 
volume. In Tibrekot two-thirds of the volume was 
contributed by S. wallichii (65%) and most of the 
remaining volume was contributed by the other 
dominant species, Castanopsis indica (23%). The 
forest of Kankali was dominated by S. robusta, 
the volume of which constituted as much as 74% 
of the total standing stock.

Fig. 4: Standing volume by species in 2010, 
error bars indicate standard errors

Figure 5 presents the distribution of volume to 
diameter classes for each forest. In Lete , very few 
large trees contributed a large proportion of total 
volume, and the remaining volume was distributed 
evenly to almost all other diameter classes. In 
Kunjo most of the volume was concentrated in 
diameter classes from 20–60 cm, in Tibrekot 
there was little volume outside the diameter 
classes from 10–50 cm and in Kankali more than 
one-third of the volume was concentrated in the 
diameter class 10–20 cm, and two-thirds of the 
volume was found in diameter classes below  
30 cm.

Figure 6 presents the distribution of volume 
increment from 2005 to 2010 to the most important 
species. In Lete the majority of the increment was 

contributed by P. wallichiana (70%), followed by 
T. dumosa (24%) and Rhododendron sp. (5%). 

Fig. 6: Distribution of periodic annual volume 
increment (2005–2010) to species (see also 
Table 1)

In Kunjo Pinus contributed 88% and, collectively, 
the relative contribution of Pinus and Tsuga was 
98% and thus even greater than in Lete. In Kankali 
the relative contribution of S. robusta (86%) 
was as large as that of Pinus in Kunjo, and in 
Tibrekot increment was distributed more evenly 
with a bit less than half (46%) to S. wallichii,  
one-third (34%) to C. indica and one-tenth (11%) 
to Engelhardia spicata. 

Finally figure 7 shows the spatial distribution of 
the standing volume in the four forests in 2010. 
In Lete and Kunjo VDCs the volume surface was 
truncated at 700 m3ha-1 because estimates became 
unrealistically large in some parts of the forests. 
This was caused by only two plots that happened 
to include a few very large (>100 cm DBH) Tsuga 
trees, leading to volume estimates of 1220 and 
1460 m3ha-1 for these plots, thus forcing up the 
volume surface in the surrounding area. 

Puri et al.

Fig. 5: Distribution of standing volume 
(2010) to diameter classes, error bars indicate 
standard errors
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Fig.7: Interpolated spatial distribution of 
standing volume in the forests, 2010

In Lete the largest volumes were found at some 
distance south of the village. In Kunjo the pattern 
was less clear with patches of dense forest close 
to some populated areas and open forest close 
to others. In Tibrekot the largest volumes were 
mainly found in the younger forest stratum in the 
southwest and on the slopes to the northeast, and 
in Kankali the largest volumes were found at the 
centre and in the north, while a Dalbergia sissoo 
plantation and patches with Maoist encampments 
along the edge of the forest have been cleared or 
have low remaining volumes.

A preliminary evaluation of the data from the 
permanent sample plots shows that all four 
forests have large densities in the lowest diameter 
intervals, indicating good regeneration of trees. 
The species-level volume estimates illustrate that 
the dominant species are the ones expected for 
the respective zones. 

Volume to diameter distributions show that there 
are relatively many large old trees in Mustang, 
while stands in the Middle Hills and Lowlands 
are presently (2010) dominated by younger trees. 
Forests in the mountains of Mustang were at the 
time of measurement not connected to the road 
network, and this may be one of the reasons why 
large old trees are still present there. Another 
reason could be the difficulties of timber harvest in 
the topographically challenging area. In Kankali 

the predominance of young trees is explained by 
the fact that the area handed over for community 
forestry in 1995 was quite degraded; therefore it 
is now being protected for regeneration.
Biomass accumulation is not entirely dependent 
on distance to settlement. The expected pattern of 
less accumulation close to settlement was found 
in some patches in Lete and Kunjo, whereas in 
Kankali the forest area closest to the settlement 
is being protected while regenerating. Different 
patterns of utilization also emerged from the 
sites. In Lete and Kunjo the biomass was 
distributed across diameter classes, meaning that 
forest management can include timber harvest 
in the near future. In Tibrekot and Kankali the 
predominance of biomass in the smaller diameter 
classes indicated that the forests need some 
time for regrowth before significant amounts of 
timber will be available. Large tracts in Kankali 
are dedicated to the regeneration of forest from 
barren hill (Stratum 2 in Fig.1), while in Tibrekot 
regeneration needs to take place within the 
standing forest.
Based on the pilot survey conducted in 2005, the 
stratification of the four forests and the allocation 
of plots to the strata shown in figure 1 constitute 
compromises that, with available resources, 
were intended to enable complete coverage of 
the forests, and to the extent possible minimize 
standard errors of standing stock and extraction 
measures. That a compromise is seen from the fact 
that minimization of standard errors of standing 
stock measures would often imply allocating 
most of the effort to areas quite far from villages, 
while minimization of the standard error of, e.g., 
subsistence firewood extraction would imply that 
most plots should be located close to villages. In 
Lete and Kunjo the survey did not include areas at 
elevations exceeding 3000 masl, thus leaving out 
forests at the tree line, and in Tibrekot an area on a 
steep slope (cliff) to the north-east was omitted as 
it was deemed inaccessible. Furthermore, in Lete 
and Kunjo it turned out that the strata surveyed in 
2005 (Meilby et al. 2006) had to be supplemented 
as it emerged that certain patches of forest, not 
mentioned during the first field visits, were 
actually managed and used by the villages. The 
resulting plot network offers good coverage of 
most parts of the forests and should be useful for 
many types of forest-level studies. But for studies 
emphasizing particular forest types or individual 
species it may be necessary to supplement the 
existing network using temporary plots. 

Puri et al.
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Additional data from permanent plots/sites

A number of studies have already made use of 
the plot network. Additional data collected in the 
permanent sample plots include a one-year litter 
survey with traps in Kankali (2007/08), a shrub 
and herb species survey (2006/07), a survey of 
fungi in Mustang (2005/06), a soil survey (2007), 
a survey of edible mushrooms in Tibrekot (2005), 
and repeated deadwood surveys in Mustang 
(2005/06 and 2010). In addition, in the forests 
but outside the permanent plots, above-ground 
biomass measurements were done for Shorea in 
Kankali (2007), and work of the same type was 
recently completed for Schima and Castanopsis 
in Tibrekot (2011), and in Mustang a B. Sc. 
thesis was prepared on the population structure 
of Taxus baccata subsp. wallichiana (Jensen, 
2007). Furthermore, the permanent plots in 
Mustang formed the partial basis for two PhD 
theses (Christensen, 2008, and Rayamajhi, 
2009), and M. Sc. thesis work was carried out on 
growth of P. wallichiana (Wagle, 2007; Wagle 
and Sharma 2011, 2012) and S. robusta (Sapkota 
2008, Sapkota and Meilby, 2009), biomass of 
Hippophae salicifolia (Rajchal, 2007), and on the 
relationship between climate and the growth of P. 
wallichiana (Shrestha, 2012). Finally, outside the 
forests of Tibrekot and Kankali surveys of trees 
on farmland were conducted in 2009. The data 
from the permanent plots rests with the Institute 
of Forestry Pokhara and may serve as baseline 
data for future work, as teaching material and as 
the basis for information to the forest user groups 
for their planning.

Conclusion

Data from permanent sample plots in four forests 
of three research sites from three physiographic 
regions of Nepal have been analysed. Results 
include standing volume and periodic mean 
annual increment. In two forests stocking is 
presently (2010) very good; in the other two 
forests regrowth is required. The permanent 
sample plots have already been used for a range 
of different research studies and may serve as a 
baseline for future work. 
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Bamboo is one of the important non-timber 
forest products (NTFPs) cultivated widely 

in the world (FAO, 1978). It has intimately been 
associated with human beings since time unknown. 
In Nepal, bamboos are found in almost all its 
parts–natural or cultivated with twelve genera 
and more than fifty-three species (Stapleton, 
1994; Karki et al., 1995; Das, 1999; Joshi and 
Amatya 1999; Das, 2004).They are the important 
component of rural farming system and play a 
critical role in rural economy helping to sustain 
livelihoods of the many rural households that 
include socially and economically disadvantaged 
group (Das, 1992; Thapa et al., 1998; Das, 1999). 
Cultivation of bamboos is a common practice 
on private farmlands. The multi-purpose species 
has been increasingly introduced in community 
forests (Das, 2002). 

Bamboo entrepreneurship is one of the key 
instruments for the upliftment of socio-economic 
status of poor and under privileged people in 
Nepal. Bamboo craft makers design various 
bamboo architectures in assistance with simple 
basic tools prepared locally. An estimation of 
about 3.3 million farming families are somehow 
involved with bamboo sub-sector either as 
producers or as users of bamboo- based products 
(Pant, 2006). Development and encouragement 
of cottage industries based on bamboo thus have 
a very high potential of providing the locals 
with much needed cash income and making a 
very important contribution to their household 
economy (Poudyal, 1992; Karki et al., 1995; 
Sherchan et al., 1996). Further, it can contribute to 
the regional and national economy. However, due 
to the lack of conducive policy and government’s 

Socio-economic impacts of bamboo enterprises in the 
Mid-hills of Nepal: A case study on Pahari community at 

Badikhel Village, Lalitpur
M. Shakya Bajracharya1, S. Rajbhandary2 and A.N. Das3

The present study investigates the associate enterprises involving bamboo-
based weaving and handicraft making at Badikhel Village Development 
Commitee, Lalitpur District, Central Nepal. It aims to assess the socio-economic 
importance of bamboo craft making on Pahari community at Badikhel. Forty 
households were randomly selected for questionnaire survey from the 
areas with higher density of bamboo entrepreneurship practiced. Perceived 
stakeholders were interviewed to examine their roles and to find out the 
contribution of bamboo enterprises to household income. Group discussions on 
issues of bamboo cultivation and management were conducted following RRA 
and PRA techniques. It was found that Badikhel impregnates four species of 
bamboo belonging to two genera viz. Bambusa and Drepanostachyum and are 
important and traditional source of livelihood for the Paharis, one of the ethnic 
groups in the study area.  An average bamboo handicraft maker obtained NRs. 
1000 to NRs. 5000 per month from the cash sales of assorted handicrafts. 
However, no significant bamboo management practices were carried out by the 
entrepreneurs. Three out of four community managed forests in the study area 
planted only Bambusa nepalensis as per local demand. Since stakeholders’ 
involvement in actual promotion of bamboo handicraft industry and bamboo 
management is meager there is an urgent need for the formation of a larger 
association of bamboo users for the growth and development of the bamboo 
entrepreneurship in the area.

Key words: Socio-economics, bamboo entrepreneurship, Paharis, Bambusa,  
         Drepanostachyum
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support, disorganized market and limited skills, 
bamboo-based economy contributes only 1-2% to 
the national GDP (Karki et al., 1998). 
The present study attempts to investigate the 
relationship between the bamboo-based enterprises 
and the Paharis, the ethnic community at Badikhel 
Village Development Committee (VDC). The 
research thus brings out in light, the socio-
economic impacts of traditional craftsmanship in 
improving the living standard of these people. 

Materials and methods 

Study area

Badikhel VDC lies in the northern part of 
Lalitpur district between 27°36’04.88”N latitude 
and 85°20’48.96”E longitude, occupying 
approximately 905.2 hectares with an elevation of 
1290 – 1710m above sea level. It is bordered with 
Godavari in the east and the north, Jharuwarasi and 
Chapagaon in the west and Lele and Chapagaon in 
the south (Fig. 1). According to the CBS (2001), 
the total population of Badikhel VDC is 3212. It 
has a predominant of an ethnic group, the Paharis 
occupying approximately 55.22% (1774) of the 
total population. Besides, Brahmins and Chettries 
cover about 40% while the rest 10% of the 
population comprises of the minor caste groups 
like Newar, Gurung, Rai, Magar, Kami, Damai 
and others (CBS, 2001).

Fig. 1: Map showing the study area

Research methods

The socio-economic survey was conducted in the 
study area in the year 2006/2007 during summer 
and rainy seasons (April- August). The random 
sampling method was used as sampling frame. 
Out of 300 Pahari households (HHs), 40 HHs with 

285 inhabitants were selected as sample units and 
interviewed. Each HH was considered as a sample 
unit. Selection of the areas was done on the basis 
of the high density of bamboo entrepreneurs as 
developed locally in a participatory way, which 
include bamboo craft makers, growers, traders 
and sellers (Table 1). 

Table 1: Distribution of sampled households

S.N. Ward no. No. of 
HHs

Sampled 
HHs (%)

1. 4 10 25.0
2. 5 9 22.5
3. 6 8 20.0
4. 7 5 12.5
5. 8 8 20.0

Total 40 100
Source: Field survey, 2006/07

Participatory methods such as RRA/PRA, focus 
group discussion, semi-structured questionnaire 
and key informant interviews were used to obtain 
the qualitative and the quantitative data. The 
participatory assessment was done as a crosscheck 
by conducting group discussions in various 
wards asking different questions related to plant 
identification, their uses, habitat, distribution, local 
name, cultivation, harvesting period, products 
manufactured, methodology and technologies 
practiced, income generation and the existing 
bamboo conservation practices.

Bamboo specimens found in the area were collected 
in summer and rainy seasons from April to August 
in 2006. They were identified with the help of 
various standard literatures (Stapleton, 1994; 
Tiwari, 1992; Das, 2004) and with the guidance of 
bamboo experts. Preservation of these specimens 
was done using standard herbarium techniques of 
Stapleton (1994) and Poudyal (2006).

Results and discussion

Distribution of bamboo species

From the survey, it was found that Bambusa 
nepalensis and  Drepanostachyum annulatum 
occurred in natural as well as in cultivated forms, 
whereas Bambusa balcooa and Bambusa  nutans 
subsp.  nutans existed only in cultivated stands 
(Table 2).  
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Table 2: Distribution of bamboos in Badikhel 
VDC and their local names

Latin name Local 
name

Distribu-
tion

Bambusa nepal-
ensis

Tama bans WC

Bambusa nutans 
subsp. nutans

Taru bans C

Bambusa balcooa Dhanu 
bans

C

Drepanostachyum 
annalatum

Ban nigalo WC

C: cultivated; W: Wild; WC: Wild as well as 
cultivated
Source: Field survey, 2006/07 

To state the pattern of bamboo distribution in 
the study area, five categories of frequency class 
stated by Manandhar and Bhattarai (1998) were 
used, which are given below. It was also noticed 
that Bambusa nepalensis was the most commonly 
occurring species rating highest in abundance, 
followed by D. annulatum, B, nutans subsp. 
nutans and B. balcooa (Table 3).

Table 3: Distribution of bamboos in different 
wards of Badikhel VDC

Ward         
no.

B. nep-
alensis

B.  
nutans 
subsp. 
nutans

B. 
bal-
cooa

D. an-
nula-
tum

2 C F R F
3 C - - C
4 A - - C
5 A - - C
6 A F - F
7 C - - F
8 A F - C
9 C C - C

Source: Field survey, 2006/07

A: abundant with more than 20 clumps; C: 
common with 10–19 clumps; F: few having  
3–9 clumps and R: rare with 1–2 clumps;  
- Absent

Utilization of bamboo species 

Bamboos are one of the very important sources 

of livelihood for the Paharis. The traditional 
craftsmen had used all the existing bamboo species 
in one or the other ways.  But their dependency 
towards B. nepalensis was higher than other 
existing species as this species was the main raw 
material they used for their bamboo-based craft 
making (Table 4). 

Table 4: Bamboo species preferred among the 
respondents

Source: Field survey, 2006/07   Highest (* * *), 
Medium (**), Lowest (*), Nil (-) 

Various bamboo artifacts like Nanglo (flat and 
rounded plate), Chalno (Sieve), Doko (Basket for 
carrying loads), Dalo (Basket for storage purpose), 
racks, dustbins, and few other products like photo 
frames, flower vase, hand bags, decorative items 
were made from B. nepalensis. Stapleton (1994) 
considers it as a multipurpose species used for 
weaving, construction and for edible shoots. 
Das (2004) has reported the use of this species 
for weaving different types of baskets and grain 
stores in the hills. 

Besides craft making, the locals used bamboo 
resources for other benefits like in construction, 
soil stabilization, fencing, as fodder, vegetables 
and for many daily household purposes and field 
works. Similar utilization of B. nepalensis has 
been reported from the Mid-hills and the Terai of 
eastern Nepal and in central and western Nepal by 
Das (1999, 2004) and Poudyal (2006), whereas 
B. nutans subsp. nutans and B. balcooa in the 
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Items B. nepal-
ensis

B.  
nutans 
subsp. 
nutans

B. bal-
cooa

 D. 
annula-
tum

Weaving 
material

* * * * - *

Racks * * * - - *
Edible 
shoots

* * * - - -

Fodder * * * * - **
Con-
struction

* * * * - -

Fencing * * * * - -
Soil 
stabili-
zation

            
**

* * **
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study area were scarcely used to their potency 
due to limited availability and little knowledge. 
In comparison, D. annulatum was found to be 
used a little more than sparingly yet its utility was 
secondary to B. nepalensis.

Socio-economic assessment of bamboo-based 
work in the study area

Bamboos had received high social and economical 
values for their role in the lives of the Pahari 
community of the study area. It was found that not 
a single household had one-man entrepreneurship, 
rather, 100% employees belonged to their own 
family with each family having in average, 
three members involved in the business. This 
showed that the bamboo enterprises in the study 
area played an important role in employment 
generation. Kattel et al. (2007) has also reported 
similar condition from eight Municipal towns 
(Biratnagar, Birgung, Dhading, Dhankuta, 
Dharan, Nepalgunj, Pohhara and Surkhet) and 
surrounding areas of Nepal. 

Further, the study revealed that the literacy 
percentage of the bamboo entrepreneurs in the 
study area was 47.5% with the rest 52.5% illiterate 
whereas Kattel et al. (2007) reported 87% of 
literacy level in his study areas. Similar condition is 
reported from Phongam village in Thailand where 
nearly all the bamboo entrepreneurs are qualified 
with primary level education (Thammincha, 
1988). Muraleedharan and Rugmini (1988) 
have reported similar educational status among 
47-80% bamboo entrepreneurs in Kerala. Thus, 
the facts clear out that it is a right choice for 
the educationally underprivileged Paharis for 
self-interdependent and improving their living 
standard. 

Desapite the bamboo entrepreneurship owed and 
governed by males the working team involved 
both sexes in an equal ratio. As bamboo craft 
making can be done in harmony with domestic 
tasks, it is taken as an extension of household 
activities. The situation is similar in the eastern 
Nepal among many poor women (Das, 1999).  
FAO (1978, 1990) has reported the heavy 
involvement of women in forest-based small-
scale enterprises (FBSSEs) in many developing 
countries. Thus, the traditional business has 
been providing a means for upgrading the living 
condition of Pahari women in male dominated 
society. 

About 80% of the bamboo entrepreneurs in the 
study area were found operating the business 
since last 30 years and more. This showed their 
dependence on bamboo resource. Das (1999) 
reported similar condition in the people, especially 
the socially and economically disadvantaged 
group in the Terai and the Mid-hills of Nepal. 
Pun (2007) has reported the bamboo craft making 
business as life sustaining among the lower caste 
groups like Dom, Dalit, Kami, Damai, Sarki, etc. 
in Siraha district.

Availability of bamboo as the raw material                        

Like most of the traditional industries in the 
developing countries, the bamboo enterprises in 
the study area sufficient supply of raw materials. 
It was found the total annual production 
of the community managed forest ranged  
200 – 405 culms whereas the annual consumption 
of the sampled 40 households reached only 
6863–8850 culms. Furthermore, the small 
size of landholding put constraints in bamboo 
growing. The average size of landholding per 
bamboo entrepreneur in the study area was 
only 0.43 hectares, while some were landless.  
Karki et al. (1998) states that landholding is one 
of the main factors determining the household 
decision for bamboo cultivation. Thus, few 
clumps grown in private lands are insufficient to 
meet the demand.

With only 5% of the required raw material 
available in the area, the rest 95% was found to 
be fulfilled from the external sources. If only the 
raw material could be made available locally, the 
annual income of the bamboo entrepreneurs can 
improve tremendously because the maximum 
price per culm bought from the local village 
ranged from NRs.25–100 whereas that bought 
from outside ranged from NRs.150–200. 

There exists the traditional method of bamboo 
propagation by planting culm offsets with 
rhizomes in the study area, the method being 
expensive and time consuming, Das (2004) has 
stated it to be unsuitable for large sized bamboo. 
Based on the demand, the villagers had given 
preference to the plantation and conservation of 
B. nepalensis. This is due to poor knowledge of 
bamboo characteristics, properties and proper 
information flow; the craft makers are unaware 
of high end use of locally available species  
(Das, 2001). 
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Production and contribution of bamboo-
based enterprises

Majority of the entrepreneurs in the study area 
were found to deal with the traditional household 
appliances like Nanglo, Chalno, Doko and Dalo. 
Few modern products like racks and dustbins 
had helped them to raise their economical status 
(Table 5). 

Table 5:  Major Products dealt by the 
respondents and their demand     

Items Demand rank
Nanglo/ Chalno 1
Racks 2
Doko / Dalo 3
Dustbin 4
Photo frame, decorative 
items, and others

5

 
Source: Field Survey, 2006/07 

It was found that a profit of NRs.125 was made 
by selling a single piece of dustbin, which is 
equivalent to the profit made by selling 4-5 pieces 
of Nanglo or Chalno. Likewise, even more profit 
was obtained by 12.5% of the total surveyed 
entrepreneurs dealing with innovative value-
added products like photo frame, bag, flower 
vase, etc (Table 6). However, these entrepreneurs 
too were not fully involved as they suffered 
from the problem of poor marketing channels 
and lack of information flow. However, limited 
knowledge on marketable craftsmanship skill and 
lack of modern scientific tools and techniques 
also hindered the growth and development of 
their business influencing the productivity both 
quantitatively and qualitatively.

The market of bamboo products and their sales 
were also linked to season. The highest sales were 
during October to December, the festive (Tihar) 
and marriage seasons. April to December was the 
moderate selling months and January to March 
the low selling months. Sales were also related 
to agricultural seasons. Cultural diversification 
imposed a considerable amount of effect on the 
bamboo product sale in the market.

The cash income generated from the sales of 
woven products and crafts was an important 
livelihood of the Pahari community, however 

the monthly turnover being not more than 
NRs.5000/- per month. Maximum entrepreneurs 
(37%) had their monthly income ranging from  
NRs.2001–NRs.3000 (Fig. 2). On an average, 
bamboo crafts makers worked  for 9 months 
in a year and earned NRs.27,000. However, 
this income was in contrast to the income of 
Terai crafts makers who earn an average of 
NRs.45,000 working for 9.9 months in a year 
(Pun, 2007). Likewise, the bamboo crafts makers 
of Dhankuta earn an average annual income of 
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Table 6: Economical account of some bamboo 
products

Name of 
items

Average 
cost price 
(NRs/
piece)

Production 
rate (Piece/
person)

Aver-
age 
selling 
price 
(NRs/
piece)

Small Nan-
glo (20” 
diameter)

15 ½ day 35

Big Nanglo 
(22” diam-
eter)

25 1day 60

Rack 80 1day 100
Dustbin 100 2days 225
Chalno 20 ½ day 40
Small Doko 50 1 ½ days 85
Big Doko 100 2days 150
Small Dalo 50 1 ½ days 85
Big Dalo 70 2 ½ days 115
Photo 
frame

50 ¼ day 225

Handbag 65 1/2 day 135

Source: Field Survey, 2006/07 

Fig. 2: Monthly turnover of bamboo 
entrepreneurs
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NRs.5,500 working for 5.6 months in a year  
(Das, 2002). Further, Kattel et al. (2007) has stated 
that the average yearly income of the bamboo 
entrepreneurs is NRs. 1,000,00. 

Conclusion

Bamboo enterprise has been a livelihood strategy 
for Paharis, one of the socially and economically 
disadvantaged groups of Nepal residing in Badikhel 
for decades. Beside contributing significantly 
to the livelihood security, bamboo handicraft 
making based on their traditional practices is also 
assisting in promotion of indigenous knowledge 
and technology, development of craft-based 
cottage industry and improvement in socio-
economic condition of marginalized and poor 
Paharis especially women and landless families 
in the area studied. Such traditional utilization of 
bamboos for domestic as well as for commercial 
purpose is helpful in stimulation of indigenous 
entrepreneurship. 

The bamboo enterprises of the area studied, 
however, suffer from many problems. No 
profound bamboo management is practiced in 
both handicraft making and bamboo cultivation. 
Consequently, the demand of raw material is 
unable to be fulfilled with its huge percentage 
(95%) found to have derived from the outer 
sources. Further, lack of introduction of modern 
tools and technology and poor market information 
is found as another hindrance in further progress 
and promotion of this traditional business in the 
area. Currently, except the community forest user 
groups, there are no other stakeholders working 
with the communities in sustainable management 
of bamboos. Nevertheless, in spite of these 
drawbacks, the business helps the local bamboo 
entrepreneurs to generate an additional earning. 
Under proper supervision and management of 
this traditional craftsmanship, the enterprises 
possess a tremendous potential in uplifting the 
socioeconomic condition of unprivileged rural 
lives of the Paharis. This “green gold” should 
be recognized and user groups should be made 
well aware of its sustainable management and 
utilization.
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The eastern Middle Hills of Nepal support 
a disproportionately large number of plant 

species in a country known for its floral diversity 
(TISC/NARMSAP, 2002), 5,636 species 
of gymnosperms and angiosperms and 534 
pteridophytes have been recorded in Nepal (DPR, 
2001, 2002). Although plant species in eastern 
Nepal’s Middle Hills have been documented 
since 1848 (Hara, 1966; Stainton, 1972; Rai, 
1999) sampling has been patchy and incomplete, 
and there has been no quantitative assessment of 
plant community composition. 

Since the late 18th century, Nepal’s population has 
been steadily rising and markets for agricultural 
and forest products have greatly expanded. As 
land-use has intensified, primary forests have 
been converted to cropland and managed forests, 
or have experienced unsustainable resource 
extraction (Blaikie, 1988; Brown and Shrestha, 
2000; Chaudhary, 2000). Beginning in the 1950s, 

Nepal’s government introduced numerous policies 
to address the decline in forest cover and increase 
revenues from the land (Metz, 1991; Chaudhary, 
2000; HMGN/MFSC, 2000). Because large 
contiguous protected areas are not feasible in the 
densely populated Middle Hills, the government 
has supported plantation establishment in 
Community and Leasehold Forests on deforested 
state-owned lands. Likewise, private landowners 
have adapted by establishing plantations and 
planting trees alongside their crops (Gilmour, 
1995; Paudel and Thapa, 2001; Acharya, 2006).

State-sponsored replanting programmes and 
private landowners’ efforts have offset the decline 
in forest cover in this region (Branney and Dev, 
1994; Shrestha, 1998; Gautam et al., 2003). 
However, scant attention has been paid to the 
accompanying changes in composition of forests 
and the potential loss of biological diversity 
(UNDP, 1998; Mikkola, 2002). Introduced 

Composition and structure of forest communities in a 
fragmented rural landscape: the Middle Hills of Eastern 

Nepal
K. N. L. Magraw1 and J. K. Detling2

Rising population and land use intensification in the Middle Hills (1,000-3,000 m 
elevation) of Nepal have resulted in widespread conversion of primary forests, 
and there is limited understanding of the degree to which conversion affects 
plant community composition. This study describes and compares vascular 
plant communities in four vegetation types in the eastern Middle Hills of Nepal: 
primary forests, deforested areas, large cardamom (Amomum subulatum) 
plantations, and conifer plantations. We sampled nested plots in 18 stands and 
we analyzed indicators such as species richness and diversity, unique species, 
stand composition, and structure. Primary forests and conifer plantations had 
significantly greater species richness than deforested areas and cardamom 
plantations (P≤0.001). Primary forests exhibited complex structure and contained 
~229 species, 30% of which were unique to this vegetation type. Deforested 
areas contained sparse woody vegetation, many species suited to exposed 
habitats, and ~178 species. Cardamom plantations contained ~174 species 
and were characterized by an Alnus nepalensis overstory (82.4% of stems ≥3.2 
cm dbh) and A. subulatum in the understory. Conifer plantations were stocked 
with Cryptomeria japonica, Pinus wallichiana, or Pinus roxburghii. Of ~217 
species encountered, only 16% were unique to this vegetation type, although 
species diversity was comparatively high (Shannon-Wiener index: 3.34). Our 
findings indicate that vegetative composition was influenced by (a) the degree 
of disturbance and management and (b) aspect and elevation, and therefore 
plant community composition in primary forests is unlikely to be approximated 
in other vegetation types or in forests positioned differently on the landscape. 

Key words: Disturbance,  forest  conservation, Ilam  District, resource       
          management, species richness

1 Ecology and Department of Biology, Colorado State University, Fort Collins Colorado 80523-1878 USA. E-mail: kim_magraw@ios.doi.gov
2 Department of Biology and Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, Colorado 80523-1878 USA
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conifers are often preferred for government-
sponsored plantation programs (Schreier et al., 
1994; Branney and Yadav, 1998; Jackson et al., 
1998).  Sitaula (2000) and others have reported 
that pine plantations exhibit lower plant species 
richness and diversity than primary or mixed 
broad-leafed forests in the Central and Mid-
West Regions of Nepal. Similarly, Ibscher (1999) 
found lower plant diversity in ‘disturbed’ forests 
than in ‘undisturbed’ forests. In Central Nepal’s 
Middle Hills, Acharya (1999) recorded greater 
tree species richness in ‘intermediate disturbance’ 
plots as compared to ‘low disturbance’ and ‘high 
disturbance’ plots. Plant community composition 
in private plantations has not been assessed.

The objective of this research was to describe and 
compare the vegetative composition and structure 
of plant communities in four vegetation types 
in the northern Lower Temperate Zone of Ilam 
District. The vegetation types were: (a) primary 
forests, representing the natural vegetation;  
(b) deforested areas, which have experienced a 
high degree of resource extraction, primarily tree 
felling, fuel-wood cutting, and regular grazing; 
(c) large cardamom (Amomum subulatum) 
plantations, private intensively managed  
cash-crop systems; and (d) conifer plantations, 
part of the government-supported afforestation 
effort. We hypothesized that primary forests 
would exhibit the greatest species richness and 
diversity, followed by conifer plantations, and 
that cardamom plantations and deforested areas 
would contain the lowest species richness and 
diversity.

Materials and methods

Study site

The study site lies between 27°00’ and 27°05’N 
latitude and 87°55’ and 88°00’E longitude in the 
northern part of Ilam District, Nepal (Fig. 1).  
We sampled stands within a ~30 km2 area in  
four Village Development Committee (VDC) 
areas: Sulubung, Mabu, Maimajhuwa, and 
Maipokhari. Sampling was carried out within 
1,950–2,550 m elevation, corresponding closely 
with the limits of the Lower Temperate Zone (TISC/
NARMSAP, 2002). Northern Ilam experiences 
a monsoon climate, with the majority of the  
~2,500 mm annual precipitation occurring from  
June to October. Mean daily temperature ranges  
from 10° C in winter to 15° C in summer. Direct 
sunlight is limited due to the steep topography 
and frequent cloud-cover.

Fig. 1: Map of Nepal showing location of study 
site in the eastern Middle Hills

Primary forests are found in isolated patches 
surrounded by a complex mosaic of agriculture, 
deforested land, plantations, and human 
settlements. They contain elements of three 
vegetation types described by Stainton (1972): 
(a) Castanopsis tribuloides – Castanopsis 
hystrix forests, ~1,850-2,150 m elevation;  
(b) Quercus lamellosa forests, ~2,000-2,600m; 
and (c) Lithocarpus pachyphylla forests,  
~2,450-2,900 m, found only in far Eastern 
Nepal. These vegetation types are characterized 
by species in Fagaceae and Lauraceae, and are 
noted for their diverse understory, including 
ferns, epiphytes, climbing plants, and orchids  
(Stainton, 1972; TISC/NARMSAP, 2002). For the 
purposes of this study, primary forests are those 
with a naturally generated overstory dominated 
by tree species commonly associated with the 
above vegetation types. Sporadic human activity, 
such as livestock grazing or fuel-wood removal, 
was evident in all sampled primary forests.

In deforested areas, wood cutting, frequent 
livestock grazing, and other resource extraction 
have removed the overstory and prevented 
regeneration. It is likely that some deforested areas 
were previously used to grow crops, but then left 
fallow. There are shrubs and occasionally trees, 
but the majority of the vegetation is herbaceous.

Cardamom plantations are common in riparian 
corridors on private land up to ~2,050 m. This 
cash-crop (a spice) is lucrative and the land 
can be used simultaneously to grow fodder, 
timber, and fuel-wood (Sharma et al., 1998b). 
Cardamom is usually planted underneath an 
Alnus nepalensis (Nepalese Alder) canopy 
with a number of fodder tree species, such 
as Ficus auriculata, Leucoseptrum canum, 
and Saurauia napaulensis, in the understory  
(Sharma et al., 1998a; Narmsaling Community 
Development Center, 2002) 

Magraw and Detling
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Conifer plantations are community forests that 
were once deforested but have since been planted 
with one or more of Cryptomeria japonica, Pinus 
wallichiana, and Pinus roxburghii. The conifer 
stands sampled in this study were immature  
(10–30 years) because community forest plantation 
efforts had only recently become widespread.

At the study site, south- and east-facing slopes 
have the greatest density of human settlements, 
and hence the majority of the cardamom 
plantations and deforested areas we sampled were 
south- and east-facing. North- and west-facing 
mountainsides have become the state-owned 
community-managed forests containing the 
primary forests and conifer plantations available 
for study. Because population is denser and 
agriculture more intensive at lower elevation, and 
because cardamom cannot be grown profitably 
above ~2,050 m, primary forests are generally 
limited to higher elevation areas. Among the 
stands sampled, the lowest elevation vegetation 
type was cardamom, averaging 1,960 m, and the 
highest was primary forest, averaging 2,250 m.

Methodology

Data were collected from August 1 - October 6, 
2002. We sampled 18 stands selected randomly 
from a list of potential sites: four primary forests, 
four conifer plantations, five deforested areas, and 
five cardamom plantations. Political instability 
at the time of the study precluded visiting a 
fifth primary forest stand and a fifth conifer 
plantation.

Sampling followed the United States Forest 
Service’s Forest Inventory and Analysis Phase 
3 Vegetation Indicator methodology (USDA 
Forest Service, 2005) which utilizes nested plots 
to provide a multi-scale assessment of species 
richness and abundance (Fig. 2). In each stand, 
data were collected in three 170 m2 circular plots. 
An effort was made to space the plots regularly 
within each stand. Where there was significant 
relief (>100 m), the plots were stratified by 
elevation. From the center of each plot, three stakes 
were placed at 7.32 m horizontal distance along 
the 30°, 150°, and 270° azimuths to establish the 
plot boundaries. Next, three 1 m2 square quadrats 
were demarcated 4.57 m from the center stake 
along these azimuths. Within the 1 m2 quadrats 
we estimated total vascular plant cover and cover 
for each vascular plant species to the nearest 1% 
for all living plants <1 m tall. Plants occupying 
<1% of a quadrat were recorded as 0.5% cover. 
Percent subcanopy closure by cardamom was 

recorded between one and two meters above 
ground to the nearest 5% in quadrats of three 
cardamom plantation stands. 

Fig. 2: Sampling design for the United States 
Forest Service’s Inventory and Analysis Phase 
3 Vegetation Indicator methodology

From the 170 m2 plots, a record was made of all 
vascular plant species not already encountered 
in the quadrats. Elevation, aspect, slope, crown-
cover to the nearest 5%, and evidence of fodder 
cutting, trampling, and grazing were also recorded. 
Diameter at breast height (dbh) was measured for 
all woody stems ≥3.2 cm dbh. Stems ≥3.2 cm and 
<10 cm dbh were categorized as ‘small woody 
stems,’ while those ≥10 cm dbh were categorized 
as ‘trees.’ Quadratic mean diameter at breast 
height was calculated for trees.

Shannon-Wiener diversity indices (H′ ) (Gurevitch 
et al., 2002) were calculated for each stand using 
plant species cover estimates in 1 m2 quadrats:

H′ = -Σ pilnpi

s

L=1

where s is the number of species in the sample 
and pi  is the mean percent cover of each species 
in all nine quadrats in a stand. H¢ values reported 
herein are the mean of all stands in a vegetation 
type.

Species overlap among vegetation types was 
compared using Jaccard’s Coefficients (S) 
(Jaccard, 1901):

S = a / (a + b + c)

where a is the number of species two vegetation 
types have in common and b and c are the number 
of species that are unique to each. 

Magraw and Detling
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Among the four vegetation types the following 
comparisons of means were calculated with 
SYSTAT (Wilkinson, 2000) using two-way 
analysis of variance (ANOVA) and Tukey’s 
post hoc test for significance: species richness in  
170 m2 plots and 1 m2 quadrats, vegetation cover 
in quadrats, H¢ in stands, mean dbh of trees in 
stands, densities of trees and small woody stems 
in stands, basal area (m2/ha) in stands, and species 
richness of climbing plants, epiphytes, and 
herbaceous graminoids in plots.

Nomenclature used in this study corresponds 
with that of Nepal’s Department of Plant 
Resources’ enumerations of vascular plants  
(DPR, 2001, 2002).

Results and discussion

Findings

Of the ~391 vascular plant species recorded 
(Table 1), 248 were identified to species, 294 to 
genus, and 324 to family. Our analyses include 
all species recorded, and thus numbers of species 
cited are often approximate (denoted by “~”). 
In total, 217 genera, 90 families, ~256 dicots,  
~78 monocots, ~53 pteridophytes, and 4 conifers 
were enumerated.

Primary forests

C. hystrix and Symplocos ramosissima accounted 
for more than 82% of the stems of overstory tree 
species in primary forests (Table 2). The two 
stands in which C. hystrix was present were at 
~2,100 m elevation, whereas the remaining two 
stands were at ~2,400 m and ~2,500 m elevation 
and contained tree species such as Alangium 
alpinum, L. pachyphylla, Quercus glauca, and  
Q. lamellosa. Other overstory species encountered 
sporadically were Ilex sikkimensis, Lyonia 
ovalifolia, Magnolia campbellii, Rhus wallichii, 
and Tsuga dumosa. There were ~40 woody 
understory species in primary forests, more than 
in any other vegetation type (Magraw, 2004).

In total, ~229 species were encountered in primary 
forests (Table 1). Richness of climbing and 
epiphytic plant species was significantly greater 
in primary forests than in the other vegetation 
types (Table 1). 

Deforested areas

Deforested areas had a nearly continuous carpet of 
herbaceous foliage usually less than 20 cm high. 
Notable in this vegetation type are herbaceous 
graminoids and plants with a spreading growth 

Table 1: Vegetative statistics for four vegetation types in northern Ilam District, Nepal 

Primary 
Forests

Deforested 
Areas

Cardamom 
Plantations

Conifer 
Plantations All

Stands (plots) sampled 4 (12) 5 (15) 5 (15) 4 (12)
18 

(54)

Total species recorded 1 ~229 ~178 ~174 ~217 ~391
Unique species 1,2 ~69 ~47 ~34 ~37 --

Unique species (% of total 
species) 30% 26% 21% 16% --
Mean vegetation cover (<1 m 
high) 82.7% (A) 87.0% (A) 68.0% (B) 69.7% (B) --

Shannon-Wiener index (H¢) 3.10 (A,B) 2.98 (A,B) 2.57 (A) 3.34 (B) --

Mean species richness (No./170 m2) of selected functional groups

Climbing plants 14.5 (A) 2.3 (D) 5.9 (C) 9.8 (B) --

Epiphytic plants 10.2 (A) 1.3 (C) 3.9 (B) 2.9 (B,C) --

Herbaceous graminoids 2.3 (C) 9.5 (A) 2.5 (C) 3.7 (B) --
Within a row, A, B, C, and D are significantly different at P<0.05.
1 Some species were not positively identified, thus numbers of species are approximate.
2 Seven unique species to cardamom plantations and three unique species to conifer plantations were cultivated 
trees.
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form (i.e., stoloniferous, rhizomatous, or 
otherwise prostrate). More than twice as many 
herbaceous graminoid species were encountered 
per 170 m2 plot in deforested areas than in any 
other vegetation type (P<0.001) (Table 1). 

Despite the predominance of herbaceous foliage, 
some woody understory species were encountered 
regularly, usually together in patches. L. ovalifolia, 
an overstory tree species, was present as 
regeneration (<3.2 cm dbh) in four of five stands. 
Associated with patches of woody vegetation 
were various herbaceous species commonly 
associated with the forested treatments, including 
Aconogonum molle, Hypericum choisianum, 
Impatiens graciliflora, Lepisorus loriformis, 
Persicaria chinensis, Polypodiodes amoena, 

Rubus macilentus, and Rubus rugosus. Deforested 
areas contained no trees (Table 3). Small woody 
stems were present in two stands, consisting only 
of Berberis spp., which are large shrubs, and 
Symplocos dryophila and Viburnum erubescens, 
understory trees.

Cardamom plantations

Cardamom plantations had four distinct layers: 
(a) overstory trees, (b) understory trees, (c) the 
A. subulatum subcanopy, and (d) herbaceous 
groundcover. A. nepalensis was by far the most 
abundant overstory tree species, accounting for 
82.4% of stems ≥3.2 cm dbh, while G. acuminatum 
and S. ramosissima together contributed an 
additional 13.5% (Table 2). The understory 

Table 2: Most abundant overstory tree species in three vegetation types in northern Ilam 
District, Nepal

Primary forests Cardamom plantations Conifer plantations

Species
OV 
stems 
(%)

Species
OV 
stems 
(%)

Species
OV 
stems 
(%)

Castanopsis hystrix 
Miq. 44.1 Alnus nepalensis D.Don 82.4 Crypromeris 

japonica D.Don 67.7

Symplocos 
ramosissimaWall. 37.7 S. ramosissima Wall. 7.4 Pinus roxburghii 

Sarg. 18.2

Rhus wallichii 
Hook.f. 3.9 Glochidion acuminatum 

Müll.Arg. 6.1 Pinus wallichiana 
A.B.Jacks. 8.4

Lyonia ovalifolia 
(Wall.) Drude 3.4 Michelia doltsopa  

Buch.-Ham. ex DC. 2.0 C. hystrix Miq. 3.2

Total 89.1 97.9 97.5

Table 3: Stand structure in four vegetation types in northern Ilam District, Nepal 

Primary forest Deforested 
Areas

Cardamom 
plantations

Conifer 
plantations

Mean dbh of trees 
1 (cm) 34.3 (±19.7) (A) - 20.4 (±3.9) (B) 19.5 (±2.7) (B)

Trees/ha 535.5 (±194.9) 
(B) 0.0 (±0) (C) 620.5 (±227.6) 

(B) 1130.5 (±212.3) (A)

Small woody 
stems/ha2

709.0 (±359.2) 
(A)

111.1 (±272.5) 
(B)

364.9 (±304.1) 
(B) 302.5 (±197.3) (B)

Basal Area (m2/ha) 46.0 (±29.4) (A) 0.2 (±0.5)  (C) 22.4 (±9.0) (B) 33.9 (±10.5) (A,B)

OV stems = Proportion of all overstory tree species stems (≥3.2 cm dbh) encountered

Standard deviation is given in parentheses. Within a row, A, B, and C are significantly different at P<0.05.
1 Trees are ≥10 cm dbh.
2 Small woody stems are ≥3.2 and <10 cm dbh.

Magraw and Detling
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tree layer contained a large number of species 
planted to provide fodder for livestock, including  
L. canum, S. napaulensis, Casearia graveolens, 
Ficus auriculata, and Ficus neriifolia  
(Magraw, 2004). Below the understory trees, 
cardamom formed a tight subcanopy between one 
and two meters high, averaging more than 70% 
canopy closure. 

Conifer plantations

C. japonica occupied the vast majority of the 
conifer plantation canopy in two stands, and 
shared the overstory with P. wallichiana in a 
third. In the remaining stand all but one tree were 
P. roxburghii. These three species accounted 
for almost 95% of overstory tree species stems, 
with C. hystrix contributing the majority of 
the remainder (Table 2). Several broad-leafed 
overstory tree species were present in the conifer 
understory, including A. alpinum, A. nepalensis, 
L. ovalifolia, and S. ramosissima. There were 
~31 woody understory species found in conifer 
plantations (Magraw, 2004). 

Comparisons among vegetation types

Species richness in primary forests and conifer 
plantations was almost 50% greater than that in 
deforested areas and cardamom plantations in 
170 m2 plots (P≤0.001) (Fig. 3). In 1 m2 quadrats, 
however, the only vegetation type found to be 
significantly distinct (P≤0.001) was cardamom, 
which contained 40– 46% fewer species than the 
other vegetation types (Fig.3). Cover of vegetation 
<1 m above the forest floor was greater in primary 
forests and deforested areas than in conifer and 
cardamom plantations (P<0.05) (Table 1).

Fig. 3: Mean species richness (± S.E.) in 170 
m2 plots and 1 m2 quadrats in four vegetation 
types in northern Ilam District, Nepal. A and B 
are significantly different at P≤0.001. a and b 
are significantly different at P≤0.001

Conifer plantations had the highest Shannon-
Wiener index values and cardamom plantations 
had the lowest (P<0.01) with primary forests 
and deforested areas exhibiting intermediate, but 
statistically indistinguishable, diversity (Table 1). 
Conifer plantations had a higher species overlap 
with all other vegetation types than any of the 
remaining vegetation types had with one another 
(Table 4). The lowest overlap (0.30) was between 
primary forests and deforested areas. Primary 
forests had the highest proportion of unique 
species (30%) and conifer plantations had the 
lowest (16%) (Table 1). 

Table 4: Jaccard’s Coefficients of overlap, 
calculated from species encountered in 170 m2 
plots, among four vegetation types in northern 
Ilam District, Nepal

 Defor-
ested

Carda-
mom

Coni-
fer

Primary forest 0.30 0.38 0.47
Deforested 1.00 0.34 0.43
Cardamom -- 1.00 0.44
Conifer -- -- 1.00

The density and size distribution of woody stems 
varied widely between vegetation types. Primary 
forests had greater variability in dbh and greater 
basal area than conifer and cardamom plantations 
(Table 3). There were fewer trees/ha in primary 
forests, but the density of small woody stems 
was roughly twice that of the plantations, and the 
largest trees in primary forests had approximately 
three times greater dbh than those in cardamom 
and conifer plantations. Regarding canopy 
composition, there were nine species with stems 
larger than 20 cm dbh in primary forests, and four 
species each in conifer and cardamom plantations 
(three of the four were planted in both plantation 
types).

Discussion

There were substantial differences in plant 
community composition among vegetation types, 
likely resulting from differences in the degree 
of management and disturbance as well as from 
patterns in the distribution of vegetation types on 
the landscape. The results support our predictions 
that primary forests and conifer plantations have 
greater plant species richness and diversity than 
deforested areas and cardamom plantations. The 
expectation that conifer plantations would be less 
diverse and species-rich than primary forests was 
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supported by some measures and not by others. 
Lower replication in primary forests and conifer 
plantations is likely to result in underestimation 
of species richness and diversity, particularly 
among locally rare species, relative to cardamom 
plantations and deforested areas. Some taxonomic 
groups, such as Orchidaceae and Araceae, were 
not well sampled in this study because many 
species were not present above ground during 
the two months of data collection. Epiphytic 
species were likely undercounted because they 
were difficult to detect and identify in the canopy. 
Other taxa were undercounted because, although 
recorded, they were not positively identified.

Aspect and elevation

In Eastern Nepal, north- and west-facing slopes 
contain distinct, and typically more diverse, plant 
communities than south- and east-facing slopes 
(Stainton, 1972). The elevation range of the 
stands sampled, 1,950 to 2,550 m, corresponds 
closely with the limits of the Lower Temperate 
Zone (TISC/NARMSAP, 2002). Nevertheless, 
canopy composition in primary forests showed 
differences along this elevation gradient among the 
stands sampled. Thus, aspect and elevation likely 
contributed to the observed differences in plant 
communities. These confounding environmental 
factors limit the extent to which differences in 
plant community composition observed in this 
study can be correlated with vegetation type. 
They also suggest avenues for further study to 
understand the effects of human activities on the 
distribution of natural communities across the 
landscape.

Primary forests

In Eastern Nepal’s Lower Temperate Zone, and 
throughout the Middle Hills, primary forests have 
been increasingly restricted to higher elevations 
as the natural forests below 2,500 m have 
diminished. Grazing, fodder cutting, or fuel-wood 
removal had visibly affected all primary forest 
plots sampled, and timber felling was evident in 
several. Among overstory species, L. pachyphylla 
persisted only as regeneration and Q. lamellosa 
was found only in the canopy. Michelia doltsopa, 
a popular and lucrative timber species, had been 
recorded in the Lower Temperate Zone in the past 
(Stainton, 1972; TISC/NARMSAP, 2002), but 
was entirely absent from primary forest plots.

Relatively infrequent utilization by humans and 
the sheltered, mesic microclimate on north-facing 
slopes are likely responsible for the complex and 
diverse plant communities in primary forests. 

Some characteristics of primary forests that 
illustrate this complexity are high understory 
and canopy species richness, high variability in 
size of woody stems, and abundance of unique 
species and specialized-niche functional groups. 
Conditions in conifer and cardamom plantations 
are less favorable for these functional groups as 
dead trees and climbing plants are removed, and 
cardamom plantations are logged periodically 
(the conifer plantations were not sufficiently 
mature for logging).

Comparatively low species overlap among 
primary forests, deforested areas, and cardamom 
plantations likely results in large part from 
modification of forest structure and composition 
by humans in the latter two vegetation types. 
Comparatively high species overlap between 
primary forests and conifer plantations can be 
explained in part by their shared characteristics: 
a lack of ongoing intensive management (as 
compared to cardamom plantations), similarity in 
structure (as compared to deforested areas), and 
their position on the landscape (predominantly on 
north- and west-facing slopes).

Deforested areas

Without an overstory, there are opportunities in 
deforested areas for species unable to tolerate 
shade. Deforested areas contained ~47 species 
not found in any other vegetation type, many of 
which were herbaceous graminoids and plants 
with a spreading growth form. Woody vegetation 
in deforested stands was minimized by removal 
of fuel-wood and regular grazing. However, 
some woody species that were fast-growing or 
exhibited anti-herbivory adaptations (e.g., the 
spines of Berberis spp., thorns of Rubus ellipticus, 
and poisonous foliage of L. ovalifolia) were 
encountered regularly. These species persisted 
as islands of woody vegetation and appeared 
to provide refuge for plant species intolerant of 
exposure and herbivory. Such islands might serve 
as important sources of diversity should forests 
become reestablished.

Previous research has found that the greatest 
causal factors for deforestation in this region 
are conversion to agriculture, livestock 
grazing, and removal of timber and fuel-wood  
(Mahat et al., 1987; Blaikie, 1988;  
Chaudhary, 2000). None of the deforested sites 
were under cultivation at the time of sampling, 
though it is likely that some had been previously 
cultivated. All sites were grazed, and many 
containing woody vegetation were being 
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utilized as a source for fuel-wood. In contrast 
with deforested areas, both primary forests and 
cardamom plantations are well established with 
a damp, well-shaded understory. Thus, the low 
species overlap between deforested areas and 
these vegetation types is to be expected. The 
conifer stands had been planted on deforested land 
10–30 years previously, a possible explanation for 
the comparatively high species overlap between 
these two vegetation types.

Cardamom plantations

Intensive management appears to be the greatest 
factor affecting species richness and diversity 
in cardamom plantations. Woody vegetation is 
controlled by farmers who prefer species that 
fix nitrogen and produce high quality timber 
and fodder. Cardamom occupies a substantial 
proportion of the ground-surface and forms a 
second canopy between one and two meters above 
ground. The groundcover is thinned several times 
yearly to reduce interspecific competition and 
physical interference with cardamom flowers and 
fruit.

Sharma et al. (1998b) have described cardamom 
plantations as a successful combination of income 
generation and biodiversity conservation. This is 
reasonable when considering alternatives such as 
terraced cultivation and monoculture plantations. 
But, of the vegetation types we examined, 
cardamom plantations are among the least 
diverse and species rich, and so are not a viable 
conservation alternative to primary forests.

Conifer plantations

Conifer forests do not undergo intensive 
manipulation of the understory, as in cardamom 
plantations, or frequent, unregulated resource 
extraction, as in deforested areas. This, in 
combination with difference in aspect and 
elevation, may account for the significantly 
greater species richness in conifer plantations 
as compared to deforested areas and cardamom 
plantations.

The expectation that conifer plantations would 
exhibit lower species richness and diversity than 
primary forests was not met. This prediction 
was based on the assumptions that (a) overstory 
and understory tree species richness in conifer 
plantations would be lower than that in primary 
forests, and (b) conifer leaf litterfall would alter 
the soil chemistry, inhibiting growth of understory 
plants (Samra and Raizada, 2002). The reduction 
in diversity of conifer plantations previously 

documented by Sitaula (2000) and others may not 
have occurred here because the plantations were 
found predominantly on north-facing slopes and 
were only 10–30 years old.

Conifer plantations are established upon 
deforested lands, so as they mature they transition 
from a community dominated by species tolerant 
to exposure and grazing to one with an understory 
more typical of forests. As their high overlap 
with other vegetation types suggests, the conifer 
plantation understory contains a combination 
of species typical of other management types. 
The presence of many overstory and understory 
tree species in the conifer understory suggests 
the possibility of a mixed forest in the future. 
However, this is unlikely in these plantations 
due to the high density of even-aged conifers, 
occasional removal of undesirable species and 
undergrowth by Community Forest Users Groups, 
and alteration of soil chemistry by conifer leaf 
litter.

Several aspects of the undergrowth in conifer 
plantations differ remarkably from primary forests. 
Even though species diversity and overall species 
richness were not significantly different, mean 
vegetation cover and richness of epiphytic and 
climbing species were lower in conifer plantations 
than in primary forests. Moreover, the proportion 
of unique species in conifer plantations was the 
lowest of any vegetation type, whereas primary 
forests had the highest proportion of unique 
species. So, even though species richness and 
diversity in conifer plantations were comparable 
to that in primary forests, the species that occurred 
in conifer plantations were more likely to be found 
in other vegetation types as well.

This study combined plantations consisting 
of two Pinus species and C. japonica into one 
vegetation type. Differences in the density of the 
canopy and leaf litter between C. japonica and the 
Pinus species will likely result in distinct plant 
communities under a mature canopy.

Conclusion

Our findings suggest that plant communities 
in eastern Nepal’s Lower Temperate Zone are 
strongly influenced by the type and degree 
of management and by their location on the 
landscape. Consequently, although estimates of 
total forest cover are useful in assessing the overall 
condition of the landscape and the resources 
available to rural communities, they should not 
be considered a gauge of the continued presence 
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of species-rich plant communities approximating 
those in primary forests.

No single vegetation type contained more than 
60% of the species encountered in this study. 
The most species-rich landscape, therefore, most 
likely consists of a patchwork of vegetation and 
land-use types. There are currently few direct 
incentives for rural Nepalese to maintain natural 
vegetation types as part of the landscape mosaic. 
Instead, as population has increased, primary 
forests near human settlements have diminished, 
being replaced by land-use types that serve the 
local people’s needs. 

Future research should consider the likelihood of 
natural forest regeneration from deforested areas, 
loss of habitat on south- and east-facing hillsides, 
and viability of forest plant communities in an 
increasingly patchy landscape.
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Dendrochronology, study of tree rings, has 
extensive applications now-a-days. The 

different disciplines such as archaeology and 
history, climatology, forest ecology, landscape 
management, geomorphology, glaciology, 
hydrology, environmental science, wood anatomy 
and physiology are applied dendrochronology as 
an analytical tool (Braker, 2002). The systematic 
studies of tree rings started before the turn off 
1900s especially from Western North America, 
Eastern North America, Western and Eastern 
Europe. The early works on tree ring analysis 
in the North America were primarily focused to 
find the relationship between precipitation and 
tree growth (Robinson, 1992 and Cook, 1992). 
On the other hand, the early period of tree ring 
analysis in Western Europe has been used mostly 
to study the impact of industrial pollution on the 
environment and a large number of such studies 
have demonstrated a correlation between air 
pollution and growth increment (Eckstein and 
Pilcher, 1992). Similarly, the first notable tree ring 
works in East Europe particularly in the former 
USSR was carried out to identify the relationship 
between width of annual ring and annual 

precipitation and narrowest rings were found 
during dry years (Kairiukstis and Shiyatov, 1992). 
Tree ring research started relatively late in some 
countries of the Southern Hemisphere namely the 
South America, South Africa, Australia and New 
Zealand. 

Tree ring analysis is one of the most useful methods 
for forest resources assessment because it gives 
information on annual growth of the trees. Tree 
ring analysis provides more precise information 
on the different dimensions of forest ecology and 
management such as choices of forest species 
composition, changes in environmental conditions, 
investigation of age effects, cost efficient forest 
management, site selection for afforestation and 
reforestation which contribute in achieving the 
sustainability from technical, environmental 
and economic perspective (Spiecker, 2002). 
Whereas there are several types of methods for 
tree ring analysis, soft X-ray densitometry has 
an advantage that it can obtain not only tree ring 
width but also density of woods. The ring width 
shows annual growth and volumetric growth. 
When density of wood is available, weight of 

Growth and yield estimation of Chamaecyparis spp. 
through tree ring analysis 

D. K.  Kharal1 and T.  Fujiwara2

Tree ring analysis is one of the most useful methods in volume and biomass 
estimation especially of the conifer trees. Ring width and ring density are 
important parameters in dendrochronological research. The present research 
was carried out with the aim of estimating the radial and volumetric growth 
of the Japanese Cypress trees (Chamaecyperis obstusa and C. pisifera). 
Destructive method was used while collecting the wood samples from the 
selected trees. Ring width and ring density were measured using soft X-ray 
densitometry method using micro-densitometer. Computer programme, 
developed by the Forestry and Forest Products Research Institute, Japan 
was used to analyze the ring with and ring density data. The average ring 
width of the Chamaecyparis spp. was found to be about 3.4 mm at the age of 
30 years. However, two types of growth pattern were observed in the trees. 
Average radial growth was about 5% every year during the first 20 years of 
the tree age, whereas, the average radial growth was negative during the 
age of 20–30 years. Average density of the tree rings were increased by 
about 11% in each height of the trees starting from the ground. Similarly, the 
stem density decreased by about 3.4% annually along the radial direction 
from the pith. 
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trunk can be calculated from multiplication of the 
volume and density. Amount of carbon in a tree 
stem is an important parameter for the assessment 
of forest on the carbon absorption. The primary 
interest of this study is to estimate the radial as 
well as volumetric growth of Japanese cypress 
trees using soft X-ray densitometry analysis. It 
further assesses the stem density of the trees using 
the same method. 

Materials and methods

Study area

Sampled trees were selected from the strip 
plantation of the Institute of Forestry and Forest 
Products Research Institute (FFPRI) area adjacent 
to the Tsukuba Science City in Ibaraki prefecture 
of Japan. The strip plantation is found as the 
mixed stand both in terms of species composition 
and stem size. Both the Japanese Cypress trees 
(Chamaecyperis obstusa and C. pisifera) dominate 
the plantation. Cryptomeria japonica is also found 
in small number. 

Growth in diameter, volume and biomass of the 
tree stem are directly and closely correlated with 
weather and climate situation of the area. Five 
years weather data (2002–2006) of the study area 
were used to understand the local climate for 
this research purpose. The temperature reached 
up to 370C in July 2004 whereas minimum 
temperature (-8.60C) was recorded in January 
2003 (http://www.jma.go.jp/jma/index.html, 
2008). Regarding precipitation, 1616.5 mm of 
annual rainfall was recorded during the year 2006 
with 592 mm in October 2004 as maximum and 
1 mm in December 2005 as minimum. Monthly 
average humidity of the area was about 74% 
ranging from 57% in January 2002 to 88% in July 
2006. Wind velocity was one of the important 
parameters of weather situation which was about 
2.45 m/sec in terms of annual average varying 
from 1.8 m/sec in November 2004 and 3 m/sec 
in April 2002. The maximum wind velocity was 
recorded in 16 m/sec in October 2002. The area 
had around 1960 sunshine hours in annual basis 
having maximum sunshine hours (250 hours) in 
July 2004. Interestingly, the minimum sunshine 
hours (56 hours) was noticed in the same month 
in 2003. The annual average solar radiation of the 
area was about 13.18 MJ/m2 ranging from 7 MJ/m2 
in November 2003 to 22.1 MJ/m2 in July 2004. 

 

Sample collection

Medium sized trees of the Japanese Cypress, C. 
obstusa and C. pisifera, were considered in this 
research. Trees from the plantation were selected 
from different length of the strip. The diameter 
was measured at 1.3 m from the ground level. 
The trees were harvested at 20 cm height from 
the ground. The harvested trees were logged into 
pieces each one having one meter in length up to 
tip of the trees. Each ring having 10 centimeter 
in width was collected from bottom of each log 
as the sample which was further processed in 
the saw milling to prepare one centimeter-wide 
wood strip having 2 mm in thickness. Knots and 
damaged parts were avoided while preparing the 
wood strip for ring analysis. Length of the strips 
were measured from simple measuring scale 
before keeping in the oven dryer at 65% relative 
humidity and 200 C temperature to maintain about 
10–11% moisture content in all diameters range 
so that comparison of the different rings in terms 
of width and density can be made standard. 

The wood density was measured through 
volumetric-gravimetric methods and gravimetric 
methods. Volumetric-gravimetric method was 
used when wood samples were large whereas 
gravimetric method was used to identify the density 
variation within annual rings. Out of the various 
methods, Photometry, Morphometry, Radiometry 
and X-ray densitometry (Schweingruber, 1992) 
used in tree ring analysis, soft X-ray densitometry 
analysis was used for this research. X- Ray films 
of the treated wood strips were taken using 20 
kVp pressure in 14 milli Ampere up to 4 minute. 
Microdensitometer was used to measure the 
ring width and ring density through X-ray film 
reading. 

Data analysis

There are several microcomputer systems 
commonly used in the analysis of tree ring 
density some of which are CompU-TA, TRIMS, 
Belfast Tree -Ring Programs, CATRAS etc. In the 
present study, programme developed by the Wood 
Anatomy Laboratory of the Forestry and Forest 
Products Research Institute, Tsukuba Science City, 
Japan was used to analyze the ring width and ring 
density. False rings were identified and adjusted 
during the analysis. Data on ring width, average 
ring density, maximum ring density, minimum 
ring density, range of density within the ring, 
percentage of late wood and early wood within the 
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ring, percentage of late wood and early wood over 
density of 550kg/cum were identified as shown in 
the output of the computer programme. The total 
sum of the area of the annual ring was multiplied 
with stem length to derive stem volume of each 
log. Stem biomass was derived using average 
ring density and stem volume.  

Results and discussion

The general observations of the sampled and 
surrounding trees are depicted in table 1. The 
sampled trees were surrounded by a group of 
trees in the strip plantation. Four to six numbers 
of surrounding trees within the total distance 
ranging from 14.5 m to 26.3 m having total 
sum of diameter within the limit of 126.5 m to  
200.5 m were recorded before harvesting 

the sampled trees. This provides important 
information while analyzing the tree rings since 
tree growth is directly affected by root and crown 
space. 

Ring width analysis

Ring width varies from species to species and 
even tree to tree within the same species of same 
localities. Some trees also have different ring 
structure in different stem height. Table 2 shows 
the average radial increment of the tree in terms of 
ring width in different height class. The average 
diameter increment was found to be decreased 
gradually from base to the top in all trees. The 
sum of all ring width corresponded to the total 
diameter of the trees without bark as shown in the 
same table. 

Table 1: General obserrvation of the sampled trees

     Observation of the surrounding trees within the limit of 10 m
     radius from the sampled tree
 Latin name      Tree 
    Symbol  Total number      Sum of dia. of(m) Sum of distance of
     of surrounding      surrounding trees surrounding trees
           trees   (cm)   (m)
Chamaecyparis obstusa         H1           4   126.5   14.5
Chamaecyparis obstusa         H2           6   200.5   22.2
Chamaecyparis obstusa         H3           6   183.5   26.3
Chamaecyparis pispfera         S1           4   194.5   18.6

 
Table 2 : Ring width analysis by stem height

Tree
Height

(m)

H1 H2 H3 S1

Av.
ring

width

Sum of 
width

Av.
ring

width

Sum of 
width

Av.
ring

width

Sum of 
width

Av.
ring

width

Sum of 
width

mm cm mm cm mm cm mm cm

0.2 3.48 20.90 4.59 27.57 3.43 20.60 4.53 22.64

1.2 3.39 16.28 3.55 18.44 3.05 15.87 4.13 18.16
2.2 3.59 15.08 4.01 17.65 3.28 14.42 4.32 17.29
3.2 3.27 13.10 4.09 15.56 3.18 12.70 3.72 14.12
4.2 3.28 11.81 3.88 13.18 2.93 9.95 3.64 12.36
5.2 3.27 10.48 3.81 11.44 2.74 8.22 3.29 9.86
6.2 2.79 8.36 3.51 9.82 2.24 5.84 2.99 7.77
7.2 2.39 5.73 3.44 8.25 1.76 3.16 1.91 3.83
8.2 1.71 3.08 3.27 6.54 2.00 0.80 1.63 1.95
9.2 2.62 4.20

Average 3.18 11.65 3.83 13.26 2.97 10.17 3.67 12.00
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The growth parameters i.e., ring width, percentage 
of early wood and late wood widths as well as ring 
density are the primary focus of measurement 
in the field of forest ecology and management 
(Braker, 2002). The width of the annual rings 
and tree growth are mostly determined by the 
climatic and other abiotic factors such as light, 
temperature, precipitation, wind, nutrient, root 
and crown space, mechanical damages, air 
and soil pollution whereas genetics control the 
growth to some extend (Schweingruber, 1996).  
Schweingruber (1989) has noticed wider rings 
of Poplar trees as compared to the Bilberry trees 
growing in the same climatic condition. The 
reason for decreasing ring width can be explained 
through ecological perspective. As mentioned 
above, the sampled trees were medium in size and 
dominated by a group of large sized trees with big 
crown. Ring width may be started to decrease once 
the sampled trees reached up to the crown base of 
the dominated trees in the strip plantation. 

All trees have higher growth rate in their early age 
and continuously decrease until the harvesting 
time. The result showed that C. obstusa increased 
by about 3.33 mm per annum in its radial direction 
which varied from 4.59 mm in maximum to  
1.71 mm in minimum level. Similarly, the rate of 
growth of C. pisifera was little higher than that 
of the C. obstusa which was about 3.67 mm per 
annum ranging from 4.53 mm in maximum and 
1.63 mm in minimum level. The analysis further 
showed that even three trees of C. obstusa species 
of the same locality had different ring structure in 
the same height class. Various climatic and non 
climatic factors affect in the vegetation growth 

out of which temperature and precipitation have 
strong influence in the growth pattern (Fritts, 1976; 
Kozlowsky and Pallardy 1997, Leal et al., 2007).  
However, ecological dimensions are equally 
important to understand the growth pattern of the 
trees. In the present study, the sampled trees were 
found influenced by the locality, crown coverage 
and stem density of the stand.  It can be explained 
by the observation as shown in table 1. The 
number of rings by height class of each sampled 
trees for the given year is presented in table 3. 

The total number of annual ring in all trees of 
C. obstusa species were 30 in the ground level 
but their number was different in different height 
class. This particularly showed the age of the trees 
by height class. C. pisifera had 25 annual rings by 
the end of harvesting time. Table 3 shows that it 
required at least 21 years to reach the height of  
8.2 m from the ground for H1, whereas 28 years 
was needed to reach the same height for the H3. 
The gap of the rings within each height class 
showed that early and late growth in terms of 
height was small compared to middle age in all 
trees of both species.  The early and late stages of 
all trees had smaller ring width compared to the 
middle stage. The trees grew little faster during 
1977 to 1987 period and started to decline until 
the harvesting time (Fig. 1). 

Ring density analysis

The density varies not only from species to species 
but also from bottom to top and pith to bark of 
the same tree. The average density of the trees by 
stem height is presented in table 4. The average 

Table 3: Number of rings by height class of sampled trees

Height class
(m)

Number of tree rings

H1 H2 H3 S1
0.2 30 30 30 25
1.2 24 26 26 22
2.2 21 22 22 20
3.2 20 19 20 19
4.2 18 17 17 17
5.2 16 15 15 15
6.2 15 14 13 13
7.2 12 12 9 10
8.2 9 10 2 6
9.2 8
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density increased with the increase in height. The 
opposite is true in case of diameter that is biomass 
density in centre of the tree, which is called pith, 
was higher compared to the outer circle as shown 
in figure 2. The average density of the C. obstusa 
was around 518 kg/cum, little higher than the  
C. pisifera. Such figures are different than the 
basic density because ring density was measured 
at around 11% moisture content.

Analysis of stem volume

Average volume of each ring in each height of the 
trees continuously decreased from bottom to the 
top of all trees. An average ring of each height 
of the C. obstusa tree had 0.58–1.02 cm3 wood 
volume producing about 3.18 cft of wood volume 
in H3 to 6.2 cft in H2. Table 5 shows the average 
and sum of volume of rings by each height class 
of the trees.

 
Table 5: Average and sum of volume of rings by height class

Stem
height

(m)

Average volume of each ring in all years
by height (cm3)

Sum of volume of all rings in all years
by height (cft)

H1 H2 H3 S1 H1 H2 H3 S1
0.2 1.07 1.84 1.02 1.59 1.14 1.95 1.08 1.41
1.2 0.91 1.12 0.69 1.31 0.77 1.03 0.63 1.02

2.2 0.79 1.18 0.63 1.28 0.59 0.92 0.49 0.90
3.2 0.64 0.98 0.60 0.67 0.45 0.65 0.42 0.45
4.2 0.60 0.86 0.43 0.63 0.38 0.52 0.26 0.38
5.2 0.51 0.77 0.33 0.51 0.29 0.41 0.18 0.27
6.2 0.36 0.62 0.20 0.37 0.19 0.30 0.09 0.17
7.2 0.22 0.51 0.10 0.13 0.09 0.22 0.03 0.04
8.2 0.09 0.40 0.03 0.07 0.03 0.14 0.00 0.01
9.2 0.00 0.22 0.00 0.00 0.00 0.06 0.00 0.00

Ave/sum 0.67 1.02 0.58 0.90 3.93 6.20 3.18 4.65

Stem 
height 

(m)

Tree Symbol

H1 H2 H3 S1

0.2 518 432 565 432

1.2 529 495 526 466

2.2 484 474 491 460

3.2 508 442 553 405
4.2 528 473 540 414
5.2 527 504 547 470
6.2 538 520 566 474
7.2 545 521 630 499
8.2 583 541 657 617

9.2 585
Average 523 485 547 455

Table 4: Stem density (kg/m3) by height of tree 

Fig. 2: Ring density in radial direction of the stem

Kharal and Fujiwara
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Biomass analysis

Biomass assessment is one of the important 
components of tree ring analysis. Here, biomass 
was measured in terms of weight. Table 6 depicts 

the average weight of each ring grown in all years 
by height class. Average biomass of each ring in 
each height of the tree also continuously decreased 
from bottom to top of the trees. Average biomass 
in each ring in each height of the tree in H1, H2, 
H3 and S1 trees were about 350, 439, 330 and 
387 grams equivalent to about 58, 76, 60 and 
57 kilograms of wood biomass in the respective 
trees.

Figure 3 for stem biomass of all trees corresponded 
to the 11 % moisture content. A comparative figure 
for stem biomass in different moisture content is 
also presented in table 7. 

Fig. 3: Average ring biomass in all height by   
 year

Per Annum biomass increment varied from  
1.6 kgs in H3 to 2.5 kgs in H2 whereas increment 
of S1 was about 2.2 kgs per annum in the same 
locality. 

The stem biomass increased by about 3.4% 
annually at the age of 30 years. However, the rate 
of biomass growth during the first 20 years of tree 
age was about 5.6% annually. Figure 4 shows the 
sum of ring biomass in all height by year.

Fig. 4: Sum of ring biomass in all height by     
 year

Table 6: Average and sum of weight of all rings of all years by height class 
Stem 
height 
(m)

Average wt of each ring in all years by 
height ( g)

Sum of wt of all rings in all years by 
height ( kg)

H1 H2 H3 S1 H1 H2 H3 S1
0.2 556.1 796.2 575.0 689.1 16.7 23.9 17.3 17.2
1.2 473.8 482.6 390.5 568.2 11.4 12.5 10.2 12.5
2.2 410.7 509.9 353.9 552.6 8.6 11.2 7.8 11.1
3.2 330.3 421.8 337.1 288.5 6.6 8.0 6.7 5.5
4.2 308.8 371.4 244.0 272.4 5.6 6.3 4.1 4.6
5.2 264.6 334.3 188.9 219.4 4.2 5.0 2.8 3.3
6.2 188.8 266.5 110.8 161.8 2.8 3.7 1.4 2.1
7.2 112.9 221.5 54.6 54.1 1.4 2.7 0.5 0.5
8.2 45.5 172.5 16.7 29.3 0.4 1.7 0.0 0.2
9.2 95.9 0.8

Ave/sum 349.5 438.6 330.4 387.8 57.7 75.9 50.9 57.0
 

Description
Tree Symbol

H1 H2 S1
Total green weight 
of stem (kg)

97.0 129.6 101.9

Total dry weight at 
11 % MC (kg)

57.7 75.9 57.0

Total dry weight at 
0 % MC (kg)

53.8 72.0 46.9

Table 7: Comparison of stem biomass by 
moisture content level
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Contrast to this, the biomass growth rate during 
the last 10 years of the tree age (20–30 years) 
was negative and equal about 10% per year. The 
reasons behind significant decrease of the biomass 
growth during the age of 20–30 years of the tree 
could be the competition with the surrounding 
trees for light, moisture and growing space.  
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A landslide also referred to as mass movement, 
slope failures, slope instability, and terrain 

instability is the mass movement, usually 
sudden, of soil and debris down a steep slope 
(Cruden, 1991). They are caused by a variety of 
factors such as heavy rains, earthquake ground 
shaking or geological forces. Different types of 
landslides move down slope at a wide range of 
speeds (Varnes, 1978). Most of the terrain in the 
mountainous areas has been generally subjected 
to slope failure under the influence of a variety 
of causal factors and triggered by events such as 
earthquake or extreme rainfall (HMG/N,1999). 
Heavy rainfall and ground water on the hills 
saturate rocks and soil that decreases shear 
strength. These phenomena not only cause loss 
of life and property, they also pose severe threats 
to physical infrastructure, lake and disrupt social 
and economic development (Pradhan, 2007). The 
more rapidly moving landslides may pose a greater 
hazard to life because they can destroy dwellings 
or damage roads quickly and with little warning. 

Slower moving landslides will gradually cause 
increasing amounts of damage, but the expected 
movement can be anticipated (UNDRO, 1991). 
Several landslides occur every year in Himalayan 
region; damage caused by landslides is estimated 
to cost more than US $ 1 billion in  economic 
losses and landslides cause more than 200 deaths 
every year (Pradhan, 2007). 

Main factors responsible for triggering the 
landslide are lithology (rock type), slope, fault, 
land use, presence of motorable road, presence 
of rivers, streams, and aspect. Geologically, 
the high and very high hazard class areas are 
primarily associated with surfacial deposit, 
southward aspect and the linear triggering factors 
like presence of fault, motorable road and river 
and streams, and indiscriminate soil quarrying 
(Maharjan, 2006, and Poudel et al., 2006). Steep 
slopes, topographical variation and geological 
characteristics, together with torrential rain during 
the monsoon season, the country frequently 
experiences landslides and debris flows that result 

Landslide hazard zonation, mapping and investigation of 
triggering factors in Phewa lake watershed, Nepal

P. Basnet1*, M. K. Balla1 and B. M. Pradhan1

The landslide triggering factors were investigated followed by the thematic maps 
and landslide distribution map prepared and classified using the GPS and GIS 
Softwares like CartaLinx, ArcView and ERDAS IMAGINE in Sarangkot and Kaskikot 
Village Development Committees, Kaski district. In analytical hierarchy process, 
the factors for zonation were compared by Couple Comparison Method and their 
weights were determined using Arithmetic Mean Method and earned weight values 
of each factor. The landslide hazard zonation model was employed to prepare 
landslide hazard zonation map of the study area, and then classified into five relative 
hazard classes using the equal interval classification method. Finally, the landslide 
hazard zonation map was crossed with the landslide distribution map and the 
model applicability was confirmed by determining the per hazard class percent of 
area covered by the landslide. In the land hazard zonation map, 0.44% of the study 
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very low hazard zone. In the study area, most of the high and very high hazard 
class areas were found occupying the areas closer to the linear triggering factors 
like presence of linement and fault, presence of motorable road and presence of 
rivers and streams. The landslide density of the study area was found to be 0.44 
per km2 indicating the higher hazard susceptibility of the area.
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floods in downstream location. The landslides 
and resulted floods, is thought to contribute to an 
annual soil loss of 20–25 t/ha (JICA, 2001). The 
frequency and the magnitude of slope failures 
can increase due to human activities such as 
deforestation, cultivation in marginal lands or 
urban expansion. Landuse such as shrublands, 
grasslands and valley cultivation lands are more 
hazardous compared to level terrace, forest and 
sand/gravel/boulders areas (Maharjan, 2006). 
The Mahabharat range of Nepal have rugged 
mountains topography, complex and fragile nature 
of the geological formations and soft soil cover, 
high intensity rainfall in the monsoon season, 
deforestation, surcharge loads of vegetation and 
frequent earthquakes, the mountains are thus 
vulnerable to the landslides (Upreti, 1996). 

The zonation of landslide hazard may be the basis 
for any landslide disaster mitigation work and can 
supply planner and decision-makers with adequate 
and understandable information (HMG/N, 1999). 
Landslide hazard analysis is a complex task. It 
requires large number of input parameters and 
techniques for analysis. The process involves 
both cost and time (Tianchi, 1996). 

Geographic Information System (GIS) is a 
powerful set of tools for collecting, retrieving 
at will, transforming, and displaying spatial 
data from the real world for a particular set 
of purposes can help overcome this problem  
Burrough (1986). Since the landslide hazard 
zonation is very much related to spatial information  
e.g. topography, geology, land cover, rainfall, etc, 
GIS can be effective in analyzing these factors at 
various location of a given area. It is also possible 
in GIS to make digital representation of the 
topography of the area which is very useful for 
the analysis of landslide hazard and their zonation  
(Lan et al, 2004).
 
Materials and methods

Study area

The study was carried out in two Village 
Development Committees (VDCs) namely; 
Sarangkot and Kaskikot of Phewa watershed 
(which spans an area of 123 km2) located in Kaski 
district. Those VDCs occupy an area of 42.68 km2 

lying at the heart of the Phewa watershed. The 
location map of the study area is presented in 
figure 1.

Fig.1: Location of study area (Source: DDC, 
Kaski, 2010)

Major land uses in the study area are forests, 
agriculture land, grasslands, valley cultivation, 
shrub lands and sand/gravel/boulder areas. Among 
these, forest covers the maximum percentage of 
the area. The rugged terrain is drained by a number 
of streams and rivers among which Harpan  
Khola  draining into Phewa lake is the major one  
(DDC, 2010). The drainage pattern of the 
watershed is dendritic. Geologically, most of  
the area falls under the fragile lesser Himalayan  
Meta-sedimentary zone with discontinuities in 
covering rock strata, folding, faulting and intense 
monsoon rainfall events, landslides, soil erosion, 
rural road construction and sedimentation in 
upstream and downstream location especially 
in Phewa lake are the major causes of land 
degradation. It includes the rock types of Kunchha 
formation along with the rocks of Ghachok 
formation and the Non Active Alluvial Fan 
Deposits. The majority of area falls under the dip 
angle class ranging from 200 to 450 (Engineering 
and Environmental Geological Map of Pokhara 
Valley, 2003).

Data collection

For capturing the data in digital format topographic 
maps (1:25,000) of 1998 and 1999, geological 
map (1:50,000) of 2003, satellite image of 
Phewa watershed of 2009 and meteorological 
data (Paudur Meteorological Station 2000 to 
2009, Kaski) were used and analyzed with the 
geographic information system (GIS) software 
(CartaLinx , Arc View, Arc View Spatial Analyst 
and ERDAS IMAGINE). Global positioning 
system (GPS) was used for boundary survey of 
landslides, Abney’s Level for measurement of the 
slope of the landslide area and Silva Compass for 
determination of the aspect, dip and strike of the 
rock beds for field data collection.

Basnet et al.
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A preliminary survey, with the assistance of the 
local people was carried out to select the existing 
active landslides. Key informant interview 
(KII) and morphometric study of the landslides 
was carried out during boundary survey. The 
morphometric data of the landslide includes the 
location of landslides, lithological structure, 
vegetation cover, type of land use around the 
landslides, slope, road construction, river and 
water ways, altitude, aspect, etc.

Data analysis 
 
The geographic location data of landslide boundary 
was downloaded to prepare digital landslide 
distribution map, which was then converted to grid 
for the spatial analysis. To investigate triggering 
factors, different factor maps (rainfall, rock type, 
slope, fault, landuse, motorable road, rivers and 
streams and aspect) were prepared using the GIS 
software and relational analysis was carried out. 

The area (i.e. number of the grids) of the landslide 
in a particular class of each of factor maps was 
determined by using the histogram by zones 
function in the ArcView Spatial Analyst. After 
the number of the grids of landslide area in a 
particular class was determined, the percentage of 
area of the factor class covered by landslide area 
for each factor class of the different factors was 
computed by simple mathematical calculation. 
And, subjective relational analysis between the 
percentages of area covered by landslide and the 
factor classes carried out. The particular factor 
was considered as the actual triggering factor, if 
there was relation between the factor classes and 
the percentages of landslide covered area. 

Zonation using analytical hierarchy process 
(AHP)

Satty (1980) developed the AHP to standardize 
the multi-factor decision-making process. AHP 
provides a hierarchical structure by reducing 
multiple variable decisions into a series of 
couple/pair comparisons and develops subjective 
priorities based upon the user’s judgment. While 
applying AHP, factors were compared with each 
other to determine the relative preference of 
each factor in accomplishing the overall goal 
and numerical values were assigned to each pair  
using the guidelines established in Fundamental 
Satty’s Scale. Preference of one factor was 
compared with other and if two factors contribute 
the landslide equally (equally preferred) then 

giving the numerical value 1. If experience and 
judgment slightly favour one factor over another 
results the value 3, strongly preferred giving 
value 5, very strongly preferred giving value 
7, extremely preferred giving value 9, and the 
intervals between preferences is compromise 
between two factors is needed then giving 2, 4, 6 
and 8. If a factor has one of the above numerical 
values assigned to it when compared with another 
factor, then the second factor has the reciprocal 
value when compared with the first factor results 
reciprocal of above numerical values.

Couple Comparison of the triggering factors 
and their prioritization based on their derived 
weight values

The couple comparison method was used to 
determine the preference of the triggering factors. 
The factors identified as the actual triggering 
factors in the above step was  arranged in the form 
of the matrix and were subjectively compared 
with each other as a couple and their preference 
was expressed in the numeric values in the 
adjacent cells i.e. the factors preferences were 
quantified. Once the preferences determined, 
alternative weight of the couple comparison 
matrix was calculated using arithmetic mean 
method. In this method, values of each column of 
couple comparison matrix were summed up. Then 
values in each cell of the matrix  was divided by 
the summed value of the same factor column, and 
the  factor mean values were derived in each row 
as mean of the values in each row. These mean 
values of each row are the weight values (‘w’) of 
each factor.

Weight values to each factors class

The weight values from 0-100 (let us say ‘m’ 
values) were given to each class of factors on 
the basis of the percentages of area covered by 
the landslide area in each of them. The class of 
each factor having the maximum percentage of 
area covered by the landslide area was given the 
maximum value i.e. 100 and the class having the 
minimum coverage was given the minimum value 
i.e. 0 and then other classes whose coverage was  
in-between them was given a intermediate values 
on proportional basis.

For investigating the triggering factors and 
zonation of landslide hazard method employed 
by Esmali (2003) was used,

Landslide hazard zonation model for the zonation 

Basnet et al.
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of the watershed:

M=w1*x1+w2*x2+…......................................(i)

Where,

M = cumulative weight value = susceptibility 
Coefficient

x1, x2 … = ‘m’ values related to the triggering 
factors x1, x2 … and

w1, w2… =  weight values related to x1, x2 … 
factors

Based on the calculated susceptibility coefficient, 
the study area was classified into 5 classes of 
hazard zones: M≤30: very low hazard; M=30–45: 
low hazard; M=45–62: medium hazard; M=62–89: 
high hazard and M≥89: very high hazard. Finally, 
the landslide hazard zonation (LHZ) map of the 
study area was prepared using AHP method. The 
map was further analyzed using the histogram by 
zones Function in the ArcView Spatial Analyst 
and the hazard susceptibility conditions of the 
different classes of the different triggering factors 
were computed.

Results and discussion

A total of 16 landslides were found located at 
different parts of the study area. The overall 
landslide density in the study area was found to 
be 0.44 per km2. Out of 16 landslides, nine were 
located in Sarangkot VDC and seven in Kaskikot 
VDC (Table 1). The largest (95,312 m2)  landslide 
was located in Sarangkot VDC, whereas the 
smallest (160 m2)  landslide was at Kaskikot 
VDC. 
The final landslide distribution map prepared 
by combining the landslide digitized from the 
topographical map and the boundary survey data 
collected by GPS is given in figure 2.

Fig 2: Landslide Distribution Map

Factors triggering landslide occurrences 

From the analysis it was found that percentage 
area covered by landslide varied with the variation 
in the rock type, land use and aspect, increased 
with the increase in the slope and decreased with 
the increase in the distance from the features like 
road, rivers and streams, linement and fault. Thus, 
eight factors i.e. lithology, land use, linement 
and fault, rainfall, slope, aspect, road and stream 
were identified as the actual factors triggering the 
landslide in the study area and considered for the 
LHZ map preparation.

Preferences and weight values of the triggering 
factors

The pair wise comparison between the factors 
on the vertical column and the factors on the 
horizontal row are presented and the preferences 
of the factors are shown in their corresponding 
intersecting cells in table 2. When the factor 
lithology was compared with the horizontal row 
factors, lithology being the same in column and 
row hence, equally preferred. Therefore, the cell 
was assigned the numerical value 1, meaning 
that the two factors in the vertical column i.e. 
lithology and horizontal row i.e. lithology are 
equally preferred. Similarly, the factor in the 
vertical column i.e. lithology when  compared 
with the factor aspect in the horizontal row, the 
rock type factor was judged to be extremely 
preferred over the aspect factor, thus cell was 
assigned the numerical value 9 meaning that 
the lithology factor in the vertical column was 
extremely preferred in comparison to the aspect 
factor in the horizontal row. In the similar fashion 
all the cells, diagonally in the upper half of the 
matrix, were filled and rest half was filled by their 
reciprocals. Then, the numerical values assigned 
in the cells were summed up column-wise and 
were recorded in the last row as sum. 

The values in each cell in table 2 were first 
divided by their corresponding column sum and 
then results were recorded in the corresponding 
cells of table 3. Finally, the mean values for each 
factor were calculated row-wise which represents 
the factor weight value. The priority of each 
factor based on earned weights in connection 
with landslides hazard in the study area is shown 
in the last column of table 3

Basnet et al.
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Weight values of the factor classes

The weight values of the different factor classes 
were determined based on the percentages of area 
of each class of different factors covered by the 
landslide area. In lithology factor, the highest 
percentage of area of colluvial soil class was 
covered by the landslide area thus it was given 
highest factor class weight value of 100, which 

when multiplied with the factor weight gave the 
actual weight value of 32.84. Whereas the lowest 
percentages of area group class  covered by the 
landslide area were given the lowest factor class 
weight value of 0, which on multiplication with 
the factor weight yielded the actual weight value 
of 0. Similarly, the weight values of the other 
factor classes were also determined and the details 
presented in table 4.

Basnet et al.

Table 1: Number and density of landslide within the study area by VDC

Name of VDC Total Area (km2) No. of landslide Landslide density (No./km2)

Sarangkot 13.88 9 0.65

Kaskikot 22.64 7 0.3

Study Area (whole) 36.51 16 0.44

Table 2: Matrix showing the couple comparison of the factors

Factor Lithology Land 
use

Linement 
and fault Rainfall Slope Aspect Road Stream

Lithology 1 5 5 7 4 9 9 8
Land use 1/5 1 3 3 5 8 7 1
Linement and 
fault 1/5 1/3 1 5 3 7 3 3

Rainfall 1/7 1/3 1/5 1 4 7 8 4
Slope 1/4 1/5 1/3 1/4 1 5 6 6
Aspect 1/9 1/7 1/3 1/8 1/6 1/5 1 3
Road 1/9 1/7 1/3 1/4 1/6 1/3 1/3 1
Stream 1/8 1 1/3 1/4 1/6 1/3 1/3 1
Sum 2.14 8.13 10.34 16.76 17.53 37.53 39.33 29

Table 3: Arithmetic mean method for calculating the factor weight values

Factors Lithol-
ogy

Land 
use

Linement 
and fault Rainfall Slope Aspect Road Stream Mean 

(W)

Lithology 0.47 0.62 0.48 0.42 0.23 0.24 0.23 0.28 0.33

Land use 0.09 0.12 0.29 0.18 0.29 0.21 0.18 0.03 0.16

Linement 
and fault 0.09 0.04 0.10 0.30 0.17 0.19 0.08 0.10 0.12

Rainfall 0.07 0.04 0.02 0.06 0.23 0.19 0.20 0.14 0.11

Slope 0.12 0.03 0.03 0.02 0.06 0.13 0.15 0.21 0.18

Aspect 0.05 0.02 0.01 0.01 0.01 0.03 0.13 0.10 0.04

Road 0.05 0.02 0.03 0.01 0.01 0.01 0.03 0.10 0.03

Stream 0.06 0.12 0.03 0.02 0.01 0.01 0.01 0.03 0.03
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Table 4: Details of the determination of the weight values of eight factors classes

S.No. Factors Class

Area of the class % of LS
covered 

area

Weight by 
% of LS 

covered area 
(m)

Factor 
Weight 

(w)

Actual 
Weight 

(M)
(Grid)

(1 grid=4m*4m)

Lithology
1 Residual soil 91158 0 0 0.33 0

2 Talkot formation 15168 0 0 0.33 0

3 Colluvial soil 15379 0.63 100 0.33 32.84
4 Non active alluvial fan deposit 47084 0 0 0.33 0
5 Ghachok formation 5189 0 0 0.33 0
6 Kuchha formation 2108170 0.06 10.27 0.33 3.37

Linement and fault
1 0 – 800 1232240 0.09 100 0.12 11.85
2 800 – 1500 434132 0.06 72.48 0.12 8.59
3 1500 – 2300 234019 0 0 0.12 0
4 2300 – 3000 289777 0 0 0.12 0
5 3000 – 3800 91980 0 0 0.12 0

River and stream
1 0 – 370 1727456 0.07 100 0.03 3.22
2 370 – 730 368101 0.02 21.5 0.03 0.69
3 730 – 1100 133668 0 0 0.03 0
4 1100 – 1470 48150 0 0 0.03 0
5 1470 – 1830 4773 0 0 0.03 0

Motorable road
1 0 – 700 1181755 0.1 100 0.03 2.81
2 700 – 1500 527182 0 3.92 0.03 0.11

3 1500 – 2200 296092 0.04 41.17 0.03 1.16

4 2200 – 3000 238193 0 0 0.03 0
5 3000 – 3700 38926 0 0 0.03 0

Slope
1 < 10 834770 0.04 17.72 0.08 1.45
2 10 – 30 1269824 0.04 18.69 0.08 1.53
3 30 < 177554 0.24 100 0.08 8.2

Aspect
1 North 152515 0 0 0.04 0
2 South 342351 0.13 100 0.04 3.98
3 East 1380999 0.04 28.84 0.04 1.15
4 West 406283 0.1 82.89 0.04 3.3

Land use
1 Swampy land 60370 0.03 34.46 0.16 5.35
2 Forest land 1036814 0.05 48.15 0.16 7.47
3 Sediment and Boulder 57950 0.02 17.09 0.16 2.65
4 Agriculture 689417 0.1 100 0.16 15.51
5 Settlement 422780 0.03 27.18 0.16 4.22
6 Water bodies 14817 0 0 0.16 0

Rainfall
1 Paudur Station 2282148 0.06 100 0.1 10.47
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Triggering factors

Kunchha formation soil class covered the highest 
percentage of landslide area i.e. approximately 
98% of the total landslide area found in study area. 
It might be because the Kunchha formation soil 
constitutes (greenish – greyphyllite, argillaceous 
phyllites, gritty quartzitic phyllites) the weak 
rock type like conglomerates and the deposition 
of sand, silt and gravel which are of the recent 
origin (i.e. quaternary to recent) in comparison to 
other groups. Here 92 % of rock types constitute 
the Kunchha formation soil followed by 0.04% 
of residual soil, so majority of study area is 
dominated by Kunchha formation (Fig. 3).

Fig. 3: Lithological map

Fig. 4: Distance from linement and fault map

The study area was classified into 5 equal class 
interval of distance from linement and fault  
(Fig. 4). The classes closer to the linement and 
fault covered the higher percentages of landslide 
area compared to the classes far from the fault 
i.e. 80% of landslide area covered by the 0–800m 
distance close to the linement and fault and 20% 
of landslide area covered by the 800–1500m.  This 
might be because several faults occur in the study 
area and most of the streams run along these fault 
lines.

The study area was classified into 5 equal 
class interval of distance from river and stream  
(Fig. 5). The classes closer to the rivers and streams 
covered the higher percentages of landslide area 
compared to the classes far from the rivers and 
streams  i.e. up to 0–370 m (i.e. 51% of the  
study area) distance from river and stream 99% 
of the landslide area was occupied. Rivers and 
streams promote mass movements by under-
cutting the base of the slopes and can also 
transport and deposit large volumes of debris. 
This is perhaps the reason why mass movements 
were very much influenced by the proximity to 
drainage lines, especially in case of debris slides.

Fig. 5: Distance from rivers and stream map

Fig. 6: Distance from motorable road map

The study area was classified into 5 equal 
class interval of distance from motorable road  
(Fig. 6). Factor classes closer to the motorable road 
covered the higher percentages of landslide area 
compared to the classes far from the motorable 
road. The distance 0–700 m (i.e. 51.7% of the 
study area) from the road covered 99% of the 
landslides area. This might be because with the 
increase in distance from the road tremor caused 
due to the vehicle movement  goes on decreasing 
and at the same time presence of road triggers the 
landslide by under cutting of the slope. 
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The study area was classified into 3 slope classes 
i.e.  0–100 (36% of the study area), 10–300 (55% 
of the study area) and >300 (9% of the study area) 
(Fig. 7). It was found that 43% of landslide area 
was covered by 10 – 300 slope class, 31% covered 
by  >300   slope class and 26% of the landslide area 
covered by <100 slope class. In this study, the slope 
factor has been taken as an independent factor. But 
in practicality it is found very much associated 
with the dip of the rock beds. If the topographical 
slope direction and the dip direction of the rocks 
are in the same direction, then that particular area 
is considered most susceptible to the sliding and 
if the slope direction is not in direction of the 
dip then that area may be considered relatively 
stable and less susceptible to the sliding. Thus, it 
would have been very effective if the cumulative 
parameter representing the effect of these two 
factors i.e. slope and the dip could have been taken 
as the factor triggering the landslide occurrence. 

Fig. 7: Slope map

Fig. 8: Aspect map

In this case the study area was classified into 4 
aspect classes i.e. north (6.6% of the study area), 
east (60.5% of the study area), south (15% of 
the study area) and west (17.9% of the study 
area) (Fig. 8). South-facing slopes covered the 
highest percentage i.e. 37% of the landslide area, 
36% covered by east-facing slopes and 27% 

by the west-facing slopes while north-facing 
slopes did not cover any of the landslide area in 
this study. This finding supports the finding of  
Shrestha  et al. (2004) that the slides were dominant 
in the south-facing slopes and were least in case 
of north-facing slopes. This might be because 
of the drier environment, sparse vegetation and 
steeper slope gradients of southward areas.

Land use map of the study area as shown in  
figure 9 shows that agriculture land (30.2% of 
the study area) covered the highest percentage 
i.e. 51% of landslide area and 33% of the 
landslide area covered by the forest land (45.4% 
of the study area) while swampy land (2.64% 
of the study area), settlement (18% of the  
study area), Sandy/gravelly/boulders (2.5% of the  
study area) and water bodies (1.26% of the  
study area) covered the lowest percentage i.e. 
altogether 16% of landslide area. This might be 
because in the study area most of the agriculture 
practices are conducted without considering the 
soil conservation point of view and the lands 
are with high degrees of slope with very sparse 
randomly distributed shrubs and trees.

       Fig. 9: Landuse map 

For rainfall factor the whole study area was found 
to fall under Paudur Meteorological Station of 
Kaski. When the average monthly rainfall was 
computed from the monthly rainfall data of the 
station for the period of 10 years i.e. from 2000 to 
2009, it was found that the average monthly  
rainfall of Paudur Station was 410.38 mm/month. 
So the average monthly rainfall throughout the 
study area was assumed to be the same. Hence, 
the triggering effect of the rainfall factor was as-
sumed to be uniform throughout the study area. In 
the study area maximum rainfall occurred during 
July and minimum rainfall fall occurred during 
the December (Fig. 10).
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Fig.10: Average monthly rainfall 

Susceptibility coefficient of the study area

The susceptibility coefficient of the study area 
derived from the combination of all eight factor 
maps employing the LHZ model shown in 
equation (i) was found to range from 20 – 100 
(Table 5). The area was classified into 5 relative 
hazard classes by equal interval classification 
method. Thus, the resulting LHZ map includes 
the 5 classes of susceptibility coefficient i.e.  
20– 36 as very low hazard class, 36 – 52 low hazard,  
52 – 68 moderate hazard, 68 – 84 high hazard and 
84 – 100 very high hazard (Table 5). Majority 
of the study area (54.92%) lied under moderate 
hazard zone followed by high hazard (21.34%), 
very high hazard (21.19%), low (2.11%), and 
very low (0.44%). The final LHZ map derived is 
presented in figure 11.

Table 5: Details of landslide hazard zonation map

Hazard 
Class

Suscepti-
bility 
Coefficient 
(M)

Area 
(Grid)
(1grid=
4m*4m)

% of 
area 
occupied

Very Low 20 – 36 10049 0.44

Low 36 – 52 48172 2.11

Moderate 52 – 68 1253324 54.92

High 68 – 84 486910 21.34
Very 
High  84 – 100 483693 21.19

Conclusion

Landslides were mostly found in Sarangkot VDC. 
The overall landslide density in the study area 
was found to be 0.44 per km2. Sarangkot VDC 
had the highest landslide density of 0.65 per km2, 

thus making it the most hazard prone VDC. Main 
factors responsible for triggering the landslide 
in the study area are lithology (rock type), land 
use, presence of  linement and fault, presence of 
motorable road, aspect, slope, rivers and streams 
and rainfall. Geologically, the high and very high 
hazard class areas are primarily associated with 
Kunchha formation. The majority of the study 
area (54.92%) were under moderate hazard zone 
while only the small portion (0.44%) of the area 
were under very low hazard zone. Very high 
hazardous zones were present in agriculture land, 
followed by forest land, settlements, swampy land 
and sediments and boulders. Most of the high and 
very high hazard class areas occupied the areas 
closer to the linear triggering factors like presence 
of linement and fault, motorable road, rivers and 
streams. The majority of the areas in the southward 
aspect belonged to the high and very high hazard 
classes.

It is expected that the results of this study, though 
limited to a preliminary and conceptual level, can 
provide decision-makers with useful insights into 
the trade-offs embedded in the complex landslide 
hazard zonation process.

References

Burrough, P. A. 1986. Principles of Geographic 
Information System for Land Resources 
Assessment. Clarendon Press, Oxford, UK.

Cruden, D. M. 1991. A simple definition of a 
landslide. IAEG Bulletin 43: 27–29.

DDC. 2010. Kaski District – An Introduction, 
District Development Committee (DDC), 
Pokhara, Nepal.

Esmali, A. 2003. Using GIS and RS in Mass 
Movements Hazard Zonation –A Case Study 
in Germichay Watershed, Ardebil, Iran. Ph. D. 
Thesis, Tehran University, Karaj, Iran.

Basnet et al.

Fig. 11: Landslide hazard zonation map



Banko Janakari, Vol. 22, No. 2

52

HMG/N, 1999. A Technical Guideline on 
Landslide Mitigation Work. Ministry of 
Water Resources, Kathmandu, Nepal.

JICA. 2001. Interim Report on the Development 
Study on the Environmental Preservation 
of Phewa Lake in Pokhara, Kathmandu, 
Nepal.

Lan, H. X., Zhou, C.H., Wang, L.J., Zhang, H.Y. 
and  Li, R. H. 2004. Landslide hazard spatial 
analysis and prediction using GIS in the 
Xiaojiang Watershed, Yunnan, P. R. China. 
http://www.sciencedirect.com.

Maharjan, S. K. 2006. Investigation of Triggering 
Factors on Landslide Occurrence and Landslide 
Hazard Zonation – A GIS Based Approach. 
B. Sc. Thesis, Institute of Forestry, Pokhara, 
Kathmandu, Nepal.

Paudel, P. and  Dhital, M. R. 2006, Landslide 
hazard and risk zonation of Thankot – 
Chalnakhel area, central Nepal. Journal of 
Nepal Geological Society 31: 43–50.

Pradhan, B.K. 2007. Disaster Preparedness for 
Natural Hazards: Current Status in Nepal, 
ICIMOD, Kathmandu, Nepal.

Satty, T. L. 1980. The Analytical Hierarchy 
Process. McGraw-Hill; Cited in Ahp.pdf. New 
York, USA.

Shrestha, D. P., Zinck, J. A. and  Ranst, E. V. 
2004. Modeling Land Degradation in the 
Nepalese Himalaya. http://www.sciencedirect.
com. Elsevier 57(2): 135–156. Amsterdam, 
Netherlands.

Tianchi, L. 1996. Landslide Hazard Mapping 
and Management in China. ICIMOD, 
Kathmandu, Nepal.

UNDRO. 1991. Mitigation Natural Disaster: 
Phenomena, Effects and Options - A Manual 
for Policy Makers and Planers Office of the 
United Nations Disaster Relief Coordinator, 
Geneva, Switzerland.

Upreti, B.N., Dhital, M.R. 1996. Landslide 
Studies and Management in Nepal. ICIMOD, 
Kathmandu, Nepal.

Varnes, D. J. 1978. Slope movement types and 
processes. In Landslide Analysis and Control 
(ed.) Clark, M. National Research Council, 
Transportation Board, Washington, D.C. USA, 
11–33.

Basnet et al.



Among the total eight species of tigers, only 
five species survive today (Wikramanayake 

et al., 1998). Due to loss of habitats, poaching, 
and trade of tiger body parts, its population 
across its range is decreasing sharply. Royal 
Bengal Tiger, Panthera tigris tigris (here in 
after referred to as tiger) survive only in small, 
isolated protected areas of India, Nepal, Bhutan, 
Bangladesh and Myanmar (Bagale, 2005). Tiger 
has been used as flagship species of wildlife 
conservation in several Asian countries since the 
early 1970’s (Shrestha, 2004). Densities of tiger 
appear to be primarily a function of prey densities 
(Karanth and Nicholos, 2002). As the density of 
prey declines in a particular area, the number of 
breeding females decreases, which ultimately 
taper the population in smaller size than that 
particular area can support ecologically.
 
Wild ungulates are the major prey base of the tiger 
and these species have a key role in maintaining 
the tiger populations. Spotted deer (Axis axis), 
sambar deer (Cervus unicolor), swamp deer 
(Cervus duvauceli), hog deer (Axis porcinus), 
barking deer (Muntiacus muntjac), wild boar (Sus 
scorfa), gaur bison (Bos gaurus) and sometimes 
langur (Semnopithecus entellus) comprise the main 
prey species for tigers in Nepal. Sometimes blue 
bull (Boselaphus tragocamelus) and four horned 
antelope (Tetracerus quadricornis) are also eaten 
but their distribution is very limited. Domestic 
lives are occasionally preyed upon in peripheral 
habitats (Bagale, 2005). The low prey densities 
within the habitat leads to lower encounter rates 
of tigers with their prey resulting in greater effort 
to find prey, and much higher energy expenditure 
per kill (Sunquist and Sunquist, 1989). So prey 
depletion should be explicitly recognized as 
a threat to persistence of tiger apart from other 
anthropogenic factors. 

Although, tigers have been known to feed on 
wide variety of animals, a marked preference 
for medium to large sized ungulates has been 
documented in different habitats (Schaller, 1967). 
Medium to large sized ungulates comprise the 
bulk of the tiger’s diet, of which spotted deer 
and sambar constitute approximately 55%–65% 
(Karanth and Sunquist, 1995).

Materials and methods

In order to determine abundance, distribution 
and habitat preference of tiger prey base, this 
study was conducted at Bardia-Katarniyaghat 
forest corridor of western Nepal, which connects 
Bardiya National Park of Nepal and Katarniyaghat 
Wildlife Sanctuary of India.

Transect method modified from  
Smith et al. (1998) was used to sample the prey 
base. Each sampling unit was a 625 m long 
straight line transect with 25 circular plots spaced 
25 m apart with 10 m2 plot size. Pellet counts 
were done in a series of small sized plots along 
a line transect which is considered efficient in 
terms of its power and time required (Neff, 1968). 
Distance between adjacent and parallel transect 
was maintained at 100 m. 

A total of 40 transects and 1000 circular plots of 
10 m2 were taken. Ten transects were taken in 
each habitat type i.e. Sal forest, Riverine forest, 
Khair-Sissoo  forest and grass land. Detection 
probability was considered as 100%, because 
plots were small and searched carefully. 

Following calculations were done to analyze the 
data.

Density: Density of pellet groups per plot was 
taken as an index of abundance.
Density = total number of pellets groups present 
in all plots studied / total plots studied

Distribution: Distribution pattern of ungulates 
was analyzed by calculating ratio of variance and 
mean (S2/ a) following (Odum, 1996)

 
(S2/a) = 1 (random distribution)
(S2/a) <1 (regular distribution)

(S2/a) >1 (clumped distribution)
Where S2 = variance = 1 /n ∑(x-a)2

x = sample value; a = mean value
Chi- Square contingency test was used to find out 
significant differences in the distribution of prey 
in different studied samples.
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Chi-Square (λ2) = Σ (x-a)2/a

Where x = observed (or sample) value;  
a = expected value (or mean value)

Habitat preference was calculated following 
(Pokhrel, 1996)

Habitat preference (HP) = (PPE/TPP) x100
Where,
PPE = Pellet present in each habitat type
TPP = Total pellet present in all the habitat type

Results and discussion

Prey abundance 

Highest prey abundance was recorded for spotted 
deer, and the lowest for hog deer (Fig. 1). In 
overall, lower prey abundance was recorded than 
the previous studies (Adhikari and Khadka, 2009); 
it could be due to conduction of study subsequent 
to rainfall or smaller geographic coverage during 
transect survey than the previous studies. 

Fig. 1: Overall abundance of prey species in   
            all habitat types

Pellet group abundance 

Highest prey base abundance was found in 
grassland with a mean of 0.56 pellet group (all 
prey species) per plot followed by Khair-Sissoo 
forest (0.3960), Riverine forest (0.248) and Sal 
dominant forest (0.192) (Fig. 2). Species and 
habitat wise abundance suggest that grassland and 
Khair-Sissoo forest are most important habitats 
for prey abundance. 

Prey distribution 

Figure 3 shows that most abundant prey of tiger is 
spotted deer which is highly found in grassland. 
The rabbit is only emergency food of tiger in this 
habitat and tiger attacks on it are rare. Barking 
deer, hog deer and blue bull have very low 
abundance, so they have minimum chance of 
being attacked, although they are preferred food 
of tiger. Wild boar and langur are staple food of 
tiger and feeds occasionally in deficiency period. 

Karki et al.

Fig.2: Habitat wise mean prey species    
           abundance 

Fig. 3: Species wise prey distribution in different habitats
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Habitat preference 

The most preferred habitat of prey species was 
found to be grassland with 38.35% preference 
followed by 29.79%, 18.58% and 13.28% for 
Khair-Sissoo forest, Riverine forest and Sal 
dominant forest, respectively (Fig.4). This also 
suggests that grassland is the most preferred 
habitat of prey base and important for maintaining 
the tiger population.

Fig. 4: Habitat preference by prey species
 
Spotted deer’s preference was found the highest 
in grassland which is followed by Khair-Sissoo 
forest and Riverine forest (Fig. 5). Spotted deer’s 
pellets were not recorded in Sal dominant forest. 
The blue bull was distributed only in Sal dominant 
forest and grassland. The most preferred habitat 
of barking deer was found to be Khair-Sissoo 
forest followed by grassland, Sal dominant forest 
and Riverine forest, respectively. Besides, its 
sedentary and shy nature along with anti-predator 
strategy of being inconspicuous makes it to reside 
more in dense forest than in open and disturbed 
areas. Similar result was found in this study. 

Fig. 5: Habitat preference (%) by prey species

Hog deer prefer grass-covered delta islands, or 
open phantas. During the day, hog deer shelter 
in tall grasslands (Neff et al., 1991). Hog deer 
usually inhabit grassland, and seldom seen 
in forest (Pokhrel, 2005). Present results also 
supported this statement since Hog deer’s pellets 
were recorded only in grassland. 

Wild boar was found in all habitat types. 
Grassland and Sal dominant forests were its 
preferred habitats whereas Riverine and Khair-
Sissoo forests were the second preferred habitats. 
Rabbit’s pellets were found the highest in Khair-
Sissoo forest followed by Riverine forest and 
grassland. Langur was found the highest in Sal 
dominant forest followed by Riverine forest and 
grassland (Fig. 5).

Distribution Pattern 

Habitat influencing factors needs to be known for 
species conservation. Distribution pattern of prey 
is one of the means for relating with distribution 
pattern of tiger. Distribution pattern of prey in 
different habitat types was calculated and found 
to be of clumped type which was verified by 
calculating variance and mean ratio (S2/a). The 
value obtained was,

S2/a = 4.15
Since the value obtained is greater than 1. So we 
can conclude that distribution pattern of prey is of 
the clumped type.

Conclusion

Abundance of prey species was found higher 
in grassland and Khair-Sissoo forest. Properly 
managed these habitats could help in stabilizing 
the tiger population. Sal dominant forest was 
found with lowest abundance of prey species 
compared to other habitats. Distribution pattern 
of prey species was found to be of clumped type 
with the highest pellet group recorded in grassland, 
this shows that prey base distribution is highest in 
grassland with clumped type. Relative index of 
prey species was found to be 0.344 mean pellets 
per 10 m2. High distribution and abundance of 
prey species suggested that the grassland areas of 
this corridor are better habitats for wild ungulate 
species that explains presence of good number of 
tigers.
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