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Water and Biodiversity
The United Nations’ Conference on Environment and Development held in Rio de 
Janeiro, Brazil from June 2–14, 1992, is regarded as important international effort 
taken in order to protect the biodiversity on the earth. The Convention on Biological 
Diversity (CBD) is the first global agreement for the conservation and sustainable 
use of biological diversity. The International Day for Biological Diversity was 
established by the United Nations to increase understanding and awareness of 
biodiversity issues. When it was first created by the Second Committee of the 
UN General Assembly in late 1993, 29th December (the date of entry into force 
of the Convention of Biological Diversity) was officially designated to celebrate 
the event. However, it was not celebrated until December 2000. Later on, the UN 
General Assembly changed the date to 22 May, commemorating the adoption of 
the text of the CBD which culminated on 22 May 1992 with the Nairobi Final Act 
of the Conference for the adoption of the agreed text of the CBD. 

Now, we are at the verge of celebrating the International Day for Biological 
Diversity on 22 May 2013 with the theme “Water and Biodiversity” which also 
coincides with the UN Year of Water Cooperation (2013). Water is essential for 
life. No living-being on the earth can survive without it. It is a prerequisite for 
human health and well-being as well as for the preservation of the environment. 
Unfortunately, we are facing water crisis at the global scale. Moreover, climate 
change is anticipated to lead to increase water scarcity along with more frequent and 
more extreme flooding.  Rise in temperature due to global warming is accelerating 
glacial melt in the Himalaya. Glaciers and icecaps regulate and provide a steady 
flow of water. But the flow of water is reduced when the size of icecaps and 
glaciers is reduced. Regular water supply is necessary for maintenance of the 
biodiversity. 

Biodiversity or biological diversity is the term given to the variety of life on the 
earth and the natural patterns it forms. Nepal is rich in biological diversity due to 
its varied climate and altitudinal ranges within short distance. Nepal comprises 
only about 0.1% of the terrestrial area of the earth, but it harbours large diversity of 
flora and fauna at genetic, species and ecosystem levels. A total of 118 ecosystems 
with 75 vegetation and 35 forest types are found in Nepal. Over 2% of the world’s 
flowering plants, about 9% of the world’s birds species, and about 4% of the 
world’s mammalian species are found in those ecosystems. In Nepal, this diverse 
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biological resource supports directly to the livelihood improvement of the people, 
agricultural/forest productivity, human health and nutrition. 

Biodiversity, thus, has a stake with a valid claim on the nation’s limited water 
resource. Regular flow of water will maintain biodiversity and water regulation 
will only be ensured by maintaining or restoring the ecosystems. More mouths 
to feed, more water and food we need in the years to come. Hence, a strategy of 
ecosystem management that maintains all the ecosystem functions and services 
will reduce water crisis on the one hand, and support biodiversity conservation 
on the other hand. 



Trees and shrubs are important component of rural farming system in Nepal. This 
paper assesses tree diversity and carbon pool of trees and shrubs outside forests 
as well as their contribution in the rural economy of the study area. In the land use 
classification map derived from the high resolution ALOS Pan-sharpened imagery, 
random selection was made among systematic grid in the agriculture class to 
find out the inventory plot. The plot was designed as nested plot. Firstly, tree 
measurement was done and then leaves, branch samples as well as soil samples 
were collected from each sample plot. Structured questionnaire survey was used 
to assess the contribution of trees and shrubs on rural livelihoods. The biomass 
and soil samples were analyzed using dry combustion method to estimate the 
carbon content. The amount of carbon stock difference between farmland with 
TOF and without TOF was found 26.56 Mg (megagram) ha-1. There was 350,714.6 
Mg above ground carbon, 35,103.36 Mg root carbon and 84451.18 Mg soil carbon 
accumulated by total trees and shrubs on farms in the District. Hence, the total 
carbon pool of the District in different agroforestry systems was estimated to be 
470,269.18 Mg. Homegarden system was found to be a good agroforestry system 
in terms of having higher species richness, tree diversity and relatively higher 
amount of above and below ground carbon per unit area. The results also showed 
that the trees on farms contributed16.4% (NRs. 3689 per household/year) and 
17.1% (NRs. 2613 per household/year) of farmland income and livestock income 
respectively. The results, thus, indicate that trees on farms have visible impacts 
on rural livelihoods, harboring rich plant diversity and sequestering substantial 
amount of carbon.

Key words: Biomass, soil carbon, tree diversity, trees outside forest

Trees on farms: diversity, carbon pool and contribution to 
rural livelihoods in Kanchanpur District of Nepal

S. K. Baral1*, R. Malla1, S. Khanal1 and R. Shakya1

Nepal extends over an area of 147,181 sq. 
km. in the lap of the central Himalayas in 
the South Asia. Geographically, Nepal is 

an extremely diverse country. It includes the flat 
plains of the Terai in the south and the sloping 
terrain of the Mid-hills and snowy mountains 
in the north (HMG/N, 2003). This diversity 
combines and interacts with factors such as 
social organization, religious belief and access to 
land and markets to give rise to a wide variety 
of farming systems and great variances within 
them (Mahat, 1987; Gibbon and Schultz, 1989; 
Thapa, 1994) which in turn has resulted in several 
agroforestry practices. Gilmour and Nurse (1991) 
mentioned that farmers planted fodder trees on 
the nearest farmland in Nepal. Likewise, a large 
number of multipurpose trees and shrubs are 
deliberately retained or incorporated on farms 
in the subsistence farming systems on the steep 
slopes in different parts of Nepal (Fonzen and 
Oberholzer, 1985). The farmers who cultivate 

land for crops production also raise livestock, 
and depend upon tree resources for the support 
of both components (Mahat, 1987; Thapa, 1994). 
Tree growing practices in and around homesteads, 
and on farmland has long been associated in rural 
areas of Nepal, and hence, considered as integral 
components of rural livelihoods (Oli, 2002). These 
tree resources are considered as trees outside 
forest (TOF) (GFRA, 2000). The contribution 
of these trees and shrubs has high potential for 
livelihood improvement (Regmi and Garforth, 
2010). A study carried out by Kharal et al. 
(2008) found that the trees outside forest contain  
3.3 m3ha-1 stem volume in Nawalparasi district 
of Nepal. On the other hand, socio-economic 
condition of the area affects farmland tree 
diversity (Kharal and Oli, 2008). Hence, there is a 
growing interest in assessing carbon sequestration 
potential and biodiversity of trees and shrubs on 
farms and its impact on rural livelihoods.

1    Department of Forest Research and Survey, Babarmahal, Kathmandu, Nepal
*   Corresponding author: sharadbaral@gmail.com

3



Banko Janakari, Vol. 23, No. 1

4

Although the Nepalese tree resources outside 
forest can play a valuable role for enhancing 
sustainable development and people’s livelihoods 
(Giri, 2004; FAO, 2002), the main focus has 
always been more on trees in forests that are 
viewed as a resource and a store of biological 
diversity. In addition, trees outside  forests (trees 
grown on farmland, in and around homesteads and 
human settlements, in road and canal side and in 
other land use categories) have not been included 
in national forest inventory, even though they 
have diverse functions for wellbeing of human-
kind and in maintaining the natural environment 
(Oli, 2002). Therefore, this study attempts to 
assess the different agroforestry systems under 
TOF and their contribution on trees and shrub 
species diversity, rural livelihoods and climate 
change mitigation through carbon sequestration.

Materials and methods
Study area

Kanchanpur District lies in the far-western plain 
also known as Terai, and covers an area of 161,740 
hectares. It stretches between 85°24’ – 85°49’ E 
longitudes and 28°23’ – 29°8’ N latitudes. The 
district is rich in forest resources occupying 
88,200 ha (including rivers) of the entire district 
whereas the cultivated land occupies 59,532 ha 
(DDC, 2005). The altitude of the area varies from 
54 m to 465 m above mean sea level. The general 
climate of the area is subtropical. The mean daily 
ambient temperature varied from 6.96°C to 43°C; 
the mean annual temperature being 30.50°C. The 
area received an average annual rainfall of 1,575 
mm. The relative humidity remains fairly high 
throughout the year except in the dry months of 
the pre-monsoon period. The terrain is almost flat, 
and is composed of alternate layers of clay and 
sand. Kanchanpur District is shown in figure 1.

A baseline study carried out by Paudel et al. (2008) 
in 6 Village Development Committees (VDCs) 
of Kanchanpur District showed that agriculture 
was the main occupation of the people (83%). 
People used to make 85.3% of their income from 
agriculture. Only 61.9% of the people were food 
self-sufficient for a year round. Ninety nine per 
cent of the people possessed their own land and 
the average landholding per household was 27.3 
kattha (9,100 m2). Agriculture was supported 
by livestock farming. Ninety six per cent of the 
household used to raise livestock and the average 
animal holding was 4.7 cattle equivalent. The 
main livestock rearing systems were grazing, 
stall feeding, and tethering. For stall feeding and 
tethering, people get fodder mainly (73%) from 
their own land. 

Remote sensing data analysis and sample plot 
location

For classifying landuse and obtaining agricultural 
area, satellite image (2007 ALOS Pan sharpened: 
2.5 m) from the Department of Forest Research 
and Survey (DFRS) archive was used. 

Firstly, geometric correction and image 
enhancement was done. Then unsupervised 
classification supported by ground truthing was 
done in May, 2009. In the post classification, 
maximum likelihood method supported by field 
verification data and other secondary maps were 
used.

The accuracy assessment was carried out using 
error matrix. For this purpose 200 randomly 
placed points were generated by the software 
and compared with GPS (Global Positioning 
System) data from field, aerial photographs and 
topographic map. This gave the classification 
accuracy of 85%. Topographic maps and aerial 
photographs and satellite imagery were used as 
secondary data.

Sampling design

Once the coverage of the area, which includes 
agricultural area and other land uses such as forest, 
river, sand and water bodies, was generated from 
the classified image; square shaped systematic 
grids of four square kilometers were overlaid 
on the area outside forest and each sample point 
(intersection point of the grid) was selected 
randomly using the frame sampling tools of Erdas 
Imagine 9.1 (Erdas, 2007; Erdas, 2008). Using Fig. 1: Location of Kanchanpur District in the 

map of Nepal
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the sample selection option, 45 sample plots 
(25%) out of the total 181 plots were randomly 
selected in the study site; 15 plots within the 
areas having agri-silviculture practices, 6 plots 
within the areas covered by roadside plantation, 4 
plots within the areas under silvo-pasture (private 
plantation) practices, and the rest 20 plots within 
home-gardens.

Plot design

The map showing the plot location as well as 
coordinate list of plots was printed for field visit. 
One hectare circular sample plots (radius = 56.4 
m) were laid out in the field for measurement of 
tree height and diameter (at breast height, dbh). 
Five sub-plots of circular shape with 25 m2 
(radius = 2.82 m) size were established; four at 
the cardinal directions and one at the center for 
measurement of shrubs (Fig. 2). Within each 
subplot, one 1 m x 1 m plot was established for 
herb measurement. 

         

 

Fig. 2: Design of sample plots

Tree measurement and soil sample collection

Height (up to cm accuracy) and dbh (up to mm 
accuracy) of each tree and shrub present in 
the sample plots were measured using Sunto-
clinometer and Diameter Tape respectively. Soil 
samples were collected from the ground near the 
standing trees on the farms and the agriculture 
lands and also from the roadside plantation areas. 
Soil samples (200 gm) were collected from 0–10 
cm and from 10–30 cm horizons from the 30 cm 
deep pits for chemical analysis. Besides, separate 
soil samples were collected using a sharp-edged 
Iron cylinder (height 5 cm and diameter 7 cm) for 
bulk-density determination. The amount of litter 
present on the ground surface was estimated by 
collecting the same from each sub-plot using a  

30 cm x 30 cm wooden-frame. For shrubs and 
other small undergrowths, destructive sampling 
was done. Biomass samples (leaves, timber, 
shrubs, herbs, and litter) as well as the soil samples 
were transported to the Soil Laboratory of DFRS 
for laboratory analysis of carbon content.  

Social survey

Semistructured questionnaire was used to 
collect the socioeconomic impact of the farm 
trees on rural livelihoods. Other primary data 
were collected through field observation, field 
measurement, key informant’s survey and using 
checklist. The secondary data were compiled 
from the District Profile and the Baseline Survey 
Report prerpared by Paudel et al. (2008). 

Data analysis

The tree and shrub diversity was determined using 
species richness, basal area ratio, and occurrence 
of rare and endangered species. Tree diversity 
was calculated by using Shannon-Weiner index 
(equation 1). The higher number of species and 
more even distribution both increase diversity 
as measured by H’. The high values of H’ is 
representative of more diverse community. A 
community with only one species would have H’ 
value of 0, because Pi would be equal to 1 and be 
multiplied by log pi which would equal to zero. 
So the H’ value allows us to know not only the 
number of species but also how the abundance of 
the species is distributed among all the species in 
the community (Magurran, 1988). 

Shannon-Wiener index (H’) = ∑
=

×−
s

i
pipi

1
log  ..

......................................... (1)

where,  s = number of species, and

pi = proportion of the ith species in a community.

Soil bulk-density (SBD) was calculated by using 
the following equation:

SBD (g cm-3) = [dry soil mass (g)– stone mass (g)]/
[dry soil volume (cm-3)– stone volume (cm-3)] .. (2)

Above ground biomass, root biomass and carbon 
content were calculated using the following 
equations:

Dry wt. of tree biomass (AGB) =  
e{-3.141+.9719Ln(DBH*DBH*Ht.)} (Brown et al., 1989)....(3)

i i
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Root biomass (Mg ha-1) = e{-1.0587+.8836Ln(AGB)} 
(Cairns et al., 1997).....………………. (4)

Carbon = Biomass x carbon %...................  (5)

Laboratory analysis

The carbon content of different biomass such 
as stems, branches, leaves and soil samples 
were analyzed in the Kathmandu University 
Laboratory. For this purpose, 250 grams of 
biomass samples were collected from the 
particular stems, branches and leaves. The 
samples were used for carbon content analysis 
after drying at 70°C to a constant weight. Soil 
bulk-density was determined by the core method. 
The soil organic carbon (SOC) concentration was 
determined using the dry combustion method 
using oven-dry soil samples as the method was 
recommended by IPCC (2003) for carbon project. 
The carbon content of the samples was analyzed 
and estimated using equation (5).

Results and discussion
Landuse of Kanchanpur District

The largest land use of the district is occupied 
by the forest (48.49%) including protected area 
(PA) of the total area. Agricultural land occupies 
39.32%, grass/open land occupies 5.5% and the 
remaining area is occupied by sand/bolder, water 
and others (Table 1).
Table 1: Area occupied by different land uses

S. N. Land use Area (ha) Area (%)

1 Forest 78,341.23 48.49

2 Shrub 1,555.78 0.96

3 Grass and 
open land 8,888.54 5.5

4 Agriculture 63,592.86 39.32

5 Sand/bolder 4,917.21 3.04

6 Water 1,319.90 0.82

7 Others 3,096.91 1.92

Total 161,712.43 100

The total forest cover and other land uses 
were estimated using the Satellite data (ALOS  
Pan-sharpened) of 2007. The total forest cover of 
the District was reported to be 54% (88,000 ha) 
by Forest Resource Information System Project 
(FRISP) (1994) which was decreased to 48.5% in 
this study. This may be due to shrub and grassland 

area which was zero in the FRISP (1994) report; 
however, this study had indicated that 6.46% of 
the total land area of the District was occupied by 
shrub, grass and open land. From this fact, one 
could easily guess that about 6.5% of the forest 
land might have changed into shrub and grassland 
between 1994 and 2007 in the district. Larger part 
of agricultural land is distributed in southern part 
of the Churia (Siwaliks), near the Indian border 
(southern part of the District) and in Dodhara and 
Chandani VDCs. 

Socio-economic conditions of the people

The total population of the district is 377,899 
(DDC, 2005). Fifty households were randomly 
selected for socio-economic survey to get the 
information about impacts of farm trees on rural 
livelihoods. Of the total sampled respondents, 
72% were male and 28% were female. Similarly, 
87% were literate and the remaining 13% were 
illiterate. 

Occupation

Majority of the people were dependent on both 
agricultural and non-agricultural activities for 
their livelihoods. Fifteen per cent of the population 
was found to be entirely dependent on agriculture 
while only 7% on non-agriculture.

Food security

The study found that the people had insufficient 
food production from their agricultural land 
because of low productivity and not having 
enough land to produce. Half of the people had 
sufficient amount of food available for yearlong 
and remaining half were under the food crisis. 
Twenty four households had enough land to 
produce food-grain for yearlong. However, the 
remaining 9, 10 and 7 households had the land 
that only can produce food grains for 6 to 12 
months, 3 to 6 months and less than 3 months 
respectively.  

Livestock distribution

This study reveals that livestock distribution was 
dominated by goats (39%) and was followed by 
buffalo (31%) and cow (30%). Livestock farming 
was one of the important income sources for the 
people.

Baral et al.
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Different income sources

Respondents were asked about their total and 
how the different income sources share the total. 
According to our field survey there were six types 
of major income sources. Out of six sources of 
income, income from crop and vegetable farming, 
income from services and income from livestock 
farming played vital role, which makes three 
fourth of the total income (Fig. 3). 

Contribution of farmland tree on farmland 
and livestock income

The average household income of the people in 
Kanchanpur District was NRs.78,002.00 (CBS, 
2004). From our field survey, it was found that 
the farmland income and livestock income 
shared 28.8% and 19.5% respectively of the total 
household income (i.e. average annual household 
income of the people in Kanchanpur District). 
Similarly, farmland trees contribute 16.4% (NRs. 
3,689.00 per household/year) and 17.1% (NRs. 
2613 per household/year) on farmland income 
and livestock income respectively (Fig. 4).

Relative abundance of trees species on 
farmland
Dalbergia sissoo and Mangifera indica were 
the most abundant species planted on the 
farmland. Eucalyptus camaldulensis, Populus 
deltoides, Leucaena leucocephala, Trewia 
nudiflora, Syzygium cumini, Melia azedarach, 
Psidium guajava and Artocarpus lakoocha are 
the common tree species planted by the farmers  
(Fig. 5). Kharal et al. (2008) has also found 

Dalbergia sissoo and Mangifera indica as the 
most abundant tree species in Nawalparasi 
District.

Species richness, diversity index and biomass 
of trees planted on farms 
Area under TOF was grouped into four major tree 
planting systems such as homegarden, roadside 
plantation, private plantation and agrisilviculture. 
Species richness, tree diversity index and biomass 
per unit area were assessed among the systems. 
Homegarden system had the highest species 
richness, Shannon Weiner Index for tree diversity 
and higher biomass per unit area. Similarly, the 
Silvo-pasture (private plantation) had the highest 
biomass per unit area, but it had the lowest species 
richness and tree diversity index. Likewise, 
agrisilviculture system had relatively higher 
species richness but the lower Shannon Weiner 
index for tree diversity and biomass per unit area 
(Table 2).  The wide individual distribution of the 
few tree species was the main reason for lower 
tree diversity index which is similar to Kharal 
and Oli (2008). This study showed average 
above and below ground biomass of TOF was  Fig. 4: Contribution of TOF on agriculture and 

livestock income

Fig. 3: Types of income sources and their share in total income
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8153 kgha-1 which is similar to the findings of 
a study in Tanzania (Giri, 2004). Homegarden 
system and roadside plantation were the efficient 
agroforestry systems for maintaining higher tree 
diversity and higher biomass per unit area.

Soil orgainic carbon under different 
agroforestry systems/cultivation practices

Maintenance of biodiversity and carbon 
sequestration through the process of 
photosynthesis are two important and 
complementary environmental service functions 

of agro-ecosystems (Henry et al., 2009). In 
this study, SOC under different agroforestry 
systems were analyzed and compared separately, 
because it is an appealing option for sequestering 
carbon on agricultural lands and it can sequester 
significant amounts of carbon while leaving 
the bulk of the land in agricultural production 
(Schoeneberger, 2009). Homegarden system had 
higher SOC followed by roadside plantation and 
agri-silviculture system respectively (Table 3).  
In the upper layer of soil (0–10 cm soil depth) 
both homegarden and roadside plantation had the 

Fig. 5: Relative abundance of trees species on farmland

Table 2: Species richness, tree diversity and biomass of trees planted on farms

S. N. Agroforestry system Species 
richness

Shannon 
Weiner index

Average above and below 
ground biomass (dry wt. 

kgha-1)
1 Homegarden 51 0.67 9092.167
2 Roadside plantation 19 0.41 8411.826

3 Silvo-pasture (private 
plantation) 3 0.13              11817.090

4 Agri-silviculture 39 0.18 3293.801

Table 3: Soil organic carbon under different cultivation practices

S.N. Agroforestry system Soil depth Bulk density SOC (mg g-1)

1 Homegarden
0-10 cm 1.09 18.85 (1.7)

10-30 cm 1.17 12.57 (1.8)

2 Agri-silviculture
0-10 cm 1.17 7.29 (1.4)

10-30 cm 1.28 5.84 (1.3)
3

Roadside plantation
0-10 cm 1.35 18.58 (1.6)

10-30 cm 1.33 9.18 (1.4)

Note: Standard errors of the corresponding values are presented in parentheses.
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same (18 mgg-1) SOC however in deeper layer  
(10–30 cm soil depth), homegarden system had 
much higher amount (12.57 mgg-1) of SOC. 

Soil organic carbon stock down to 30cm soil 
depth in agriculture land and the area occupied 
by trees on farms

SOC in agricultural land without tree (23.48 
Mg ha-1) was calculated and subtracted from the 
average amount of SOC (50.04 Mg ha-1) under 
trees on farms to estimate the total amount of 
C-sequestration per hectare in soil by trees on 
farms  i.e. 26.56 Mg ha-1 (Table 4).

Table 4: Soil organic carbon stock up to 30cm 
soil depth in agriculture land and the area  
occupied by trees on farms

S.N. Landuse SOC Mg/ha-1

1 SOC in agricultural 
land without tree 23.48

2 SOC in trees on farms 50.04

C-sequestration in soil 26.56

Total soil organic carbon stock by farm trees 
and shrubs

It was estimated that the total trees and 
shrubs on farms in Kanchanpur District had 
sequestered 350,714.6 mg above ground carbon,  
35,103.36 Mg root carbon and 84,451.18 mg 
soil carbon (0–30 cm soil depth). Hence, the 
total carbon pool in the trees outside forest in 
Kanchanpur District of Nepal was estimated to 
be 470,269.18 Mg (Table 5).

Table 5: Total soil organic carbon stock created 
by farm trees and shrubs

S. N. Details Carbon 
(Mg ha-1)

Total carbon 
stock (Mg)

1 Above ground 5.515 350,714.6
2 Root 0.552 35,103.26
3 Soil carbon 26.56 84,451.32

Total 470,269.18

Note: Area occupied by trees on farms=3,179.643 ha 
was calculated by measuring crown diameter of each 
tree.

Trees planted on farmland contribute 16 and 

17% to agricultural income and livestock 
income respectively. In addition, trees on farms 
have been recognized that it protects soil, water 
and biological diversity, provide shelter and 
shade for the local people. At the same time it 
contributes on climate change mitigation through 
carbon sequestration (26.56 Mg ha-1). Hence, 
the relationships of people, agriculture, and 
trees were found inseparably interlinked and 
interdependent. There is a tendency of choosing 
multipurpose tree species (legumes, fruits, fodder, 
timber and firewood) for planting trees outside 
the forest areas. This study recorded 51 species 
in homegarden system. Still the total number of 
species seems fairly low compared to the study 
in north-eastern India that recorded 197 species 
in homegarden (Tynsong and Tiwari, 2010).  It 
indicates that there are lots of other species that 
could be suitable for TOF plantation (especially 
for agroforestry) for maintaining tree diversity 
and diversifying agroforestry products. 

This study also found that people were very 
interested to plant several species in homegarden 
because diversity is the prime consideration 
for fodder and fruit species as people want to 
have fruits of different taste in different seasons 
(Kharal and Oli, 2008). However, they were very 
selective when they had to plant a tree species 
in the crop field (agri-silviculture). It reveals the 
fact that people are more sensitive on agricultural 
production while managing agri-silviculture. 
Moreover, the species diversity is less important 
for fuelwood and timber species (Kharal and Oli, 
2008). Therefore, before planting a tree species in 
an agricultural field, they just want to be sure that 
the tree species will produce maximum benefits 
and minimum negative effects on the yield of 
cereal crops.  

The high SOC under homegarden and roadside 
plantation than agri-silviculture shows that 
there is relatively less organic matter deposition 
in agriculture (Nair, 2009). SOC estimate in 
homegarden system is comparable to a study in 
western Kenya (Henry et al., 2009). Although, 
there was a positive relationship between 
tree diversity and carbon stocks (homegarden 
system), it was not a direct relationship. It just 
can be considered as an additive agro-ecosystem 
function. Carbon sequestration projects that 
contribute to enhance biodiversity should be 
considered as more accurate and secure in the long 
term than other large scale plantation projects. 
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It, eventually, proves that TOF resources are 
inevitable part of life of the local people in 
Kanchanpur District. The role of TOF has been 
increasing in the present context i.e. for supporting 
livelihood of the local people, biodiversity 
conservation, carbon sequestration, combating 
desertification, and mitigating climate change etc. 
However, it is necessary to recognize its social, 
economical and ecological role.  

Conclusion

Trees on farms have visible and significant 
impact on rural livelihoods of the people in 
Kanchanpur District. A wide diversity of tree 
species recorded shows that farmland are 
repository of high plant diversity as farm trees 
particularly in homegardens or scattered in 
and around homesteads. The trees contributed 
substantial amount of carbon storage. Potentials 
of agro-forestry, along with the continued 
progress in our scientific understanding, will be 
imperative if they are to be included in future 
formulations of national-level carbon trading and 
other natural resource management strategies. 
Therefore, further studies aiming at analyzing the 
feasibility of C-sequestration in farming systems 
focusing on the long-term resilience of C-storage 
and biodiversity, the potential for below ground 
C-sequestration and social factors that may 
influence adoption of C-sequestration practices 
by specifically designed sampling technique 
according to tree distribution pattern in the agro-
forestry systems are  recommended. 
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Analyzing forest monitoring costs and accuracy of forest carbon stock estimates 
are important criteria  in the framework of Reducing  Emission from Deforestation 
and Forest Degradation (REDD), because Monitoring, Reporting and Verification 
(MRV) system has been seen as an investment that aims to generate financial 
benefits to forest owners. Thus, comparisons of cost efficiency and accuracy 
were carried out between the LiDAR (Light Detection and Ranging) Assisted 
Multisource Programme (LAMP) and the field-based multisource Forest Resource 
Assessment (FRA) applied in the 23500 km2 Terai Arc Landscape (TAL) of Nepal 
in 2011 to estimate Above Ground Biomass (AGB). The model-based LAMP 
was applied by integrating 5% LiDAR sampling, wall to wall RapidEye satellite 
image and field sample plot inventory. The design-based FRA was carried out 
to generate comprehensive forest resource information. Administrative and initial 
variable costs of both approaches were calculated separately, and converted to 
unit costs for comparison. To compare the subsequent forest monitoring costs, 
cumulative costs were derived on the basis of the calculated present variable 
items and expenditures. The accuracies were calculated by using mean error of 
mean biomass estimates (tons/ha) at different spatial scales ranging from 1 to 
350,000 ha forests. Design-based FRA was found to be cost-efficient (USD 0.22/
ha) as compared to the LAMP approach (USD 0.28/ha) for baseline data collection, 
whereas administrative cost of multisource FRA (USD 0.26/ha) was significantly 
higher. Although a huge amount of data were generated through multisource FRA 
in each cycle, the LAMP approach appears to be cost-efficient to estimate AGB in 
subsequent forest inventory. The mean errors in the LAMP-derived mean biomass 
estimate were significantly smaller at all spatial resolutions than the FRA-plot-
derived mean biomass estimate. The study concludes that spatial accuracy of 
LAMP is good enough to estimate biomass stock of Community Forests (CFs) 
where average size of CF is 150 ha in the study area.

Key words: Above-ground biomass, cost, accuracy, LiDAR, Forest Resource  
           Assessment 

Monitoring above-ground forest biomass: A comparison 
of cost and accuracy between LiDAR assisted multisource 

programme and field-based forest resource assessment  
in Nepal 

P. N. Kandel 1

Forests act as carbon sink, but turn into a 
source of carbon emissions when they 
degrade. As a consequence, political and 

public attentions to the world’s forests have 
drastically increased due to the significant role 
of forests in the global carbon cycle (FAO, 2010; 
IPCC, 2007). Tropical forests cover 15% of the 
world’s land surface, and hold about 25% of the 
carbon in the terrestrial biosphere, emit 15-20 % 
of the total carbon dioxide in the atmosphere every 
year due to deforestation and forest degradation 
(FAO, 2010; IPCC, 2007).

Recognizing this prospect, the United Nations 
Framework Convention on Climate Change 
(UNFCCC) agreed to encourage reductions 
in greenhouse gas emissions from forests via 
REDD+ programme (Asner et al., 2010; FAO, 
2010; UNFCCC, 2009). As a result, REDD+ 
has become an international policy instrument 
to mitigate climate change by reducing carbon 
emissions caused by deforestation and forest 
degradation, and by increasing carbon uptake 
through forest restoration and sustainable 
forest management (Herold and Skutsch, 2011;  

1   FRA Nepal Project, Department of Forest Research and Survey, Ministry of Forests and Soil Conservation,  
   Kathmandu, Nepal. E-mail: pkkandelnepal@gmail.com
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IPCC, 2006). However, effective implementation 
of REDD+ strategy depends on cost-effective 
forest monitoring systems to generate accurate 
baseline statistics of forest biomass, carbon 
stocks and emission levels (Asner et al., 2010; 
Asner, 2009). 

Forest inventory methods have changed in the 
course of time due to the continuous technological 
advancement (Kandel, 2010; Gatziolis and 
Andersen, 2008). The key driving force behind 
the development of different FRA methods is 
the goal of obtaining accurate forest information 
at low cost (Tomppo et al., 2008; Kangas and 
Maltamo, 2006). 

In the past, intensive field-based FRA focused 
on timber production and applied for estimating 
tree volume, growing stock and growth (Hummel 
and O’hara, 2008). Although traditional approach 
is accurate method, rigorous field measurement 
is time-consuming, costly, and difficult to 
implement in unreachable extensive forest areas. 

Satellite Remote Sensing (RS) has become key 
tool to collect large amounts of image data over 
a wide geographical area with high temporal 
frequency and provide 2D (x, y) information on 
species composition. However, optical RS cannot 
penetrate through the forest canopy to generate 
information about forest structure (Gautam et 
al., 2010). Besides, intensive field inventory and 
ground verification are required to validate the 
data and to generate tree-level statistics (Gautam 
and Kandel, 2010). 

Light Detection and Ranging (LiDAR) is an 
active RS technology that is able to penetrate 
the vertical profile of dense forest canopy and 
quantify its structure (Asner et al., 2012; Pascual 
et al., 2010; Gatziolis and Andersen, 2008). 
Compared to traditional passive optical RS, 
LiDAR has the capacity to capture 3D (x, y, z) 
data of objects, and can  precisely estimate height 
and size of individual trees or forest stands and 
thereby volume and AGB (Lim et al., 2003; 
Nelson et al., 2003). However, a key obstacle in 
using LiDAR is due to its relatively high cost for 
scanning in challenging flying condition (Asner 
et al., 2010; Gautam et al., 2010; Hummel et al., 
2011; Næsset, 2002a,b, and 2009).

When combining LiDAR from sample areas with 
satellite data covering the entire area of interest 
and in-situ measurements at sample locations, 

high-resolution maps of forest carbon stocks 
and emission can be produced in an efficient 
way (Asner et al., 2010; Arbonaut, 2010). The 
integrated approach is known as the LAMP – a 
term that was coined by the World Wildlife Fund 
U.S. (WWF US) and the Arbonaut, Finland in the 
early 2011. LAMP has been tested in Peru, Laos, 
Madagascar, Colombia and Nepal. However, a 
cost and accuracy analysis that would allow a 
comparison between the LAMP approach and 
field-based forest inventory methods has not been 
carried out so far.

Comparison of cost and accuracy of different FRA 
approaches applied for the same objective such 
as monitoring forest carbon stocks and emissions 
has become one of the key research areas in 
forestry in order to draw conclusions on their cost 
efficiency, robustness and accuracy (Hummel et 
al., 2011). This paper presents the results of a 
study which compares the cost and accuracy of 
LAMP and multi-source FRA methods applied in 
TAL-Nepal for the estimation of AGB. 

Materials and methods

Study area  

The study was conducted within the Terai Arc 
Landscape (TAL) that extends between Nepal and 
India, and includes two globally outstanding eco-
regions viz. the Terai-Duar Savanna Grasslands, 
and the Himalayan Subtropical Broadleaf Forests 
(Gurung and Joshi, 2009). The TAL covers an 
area of 23,500 km2 within Nepal,and is bounded 
by Bagmati River in the East, Mahakali River in 
the West, Siwalik ridge in the North and India in 
the South (Fig. 1). 

Fig. 1: Map showing the study area in the Terai 
Arc Landscape
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Altitude varies from 300 m in the South to 1,500 
m in the northern hills above mean sea level.The 
area is a spatial mosaic of tropical and subtropical 
forest types, and covers 75% of the remaining 
forests of Terai and the foot hills of the Siwaliks 
(HMGN/ MFSC, 2004; HMGN/ADB/FINNIDA, 
1988). The region is home to the world’s most 
impressive wildlife species such as Royal Bengal 
Tiger, the Greater One-horned Rhinoceros and 
the Asian Elephant (Joshi and Bhatta, 2010). 
The area is inhabited by 6.7 million people, and 
the majority of them are rural poor (Gurung and 
Kokh, 2011). As a result, forest resources have 
declined in extent and quality due to deforestation 
and degradation.

Inventory methods considered in the study
LiDAR assisted multisource programme 

LiDAR-data were collected from 5% of the study 
area. For the LiDAR campaign, 20 rectangular 
forest blocks of 5 km × 10 km size were designed 
by a weighted random sampling. Wall-to-wall 
Airborne Laser Scanning (ALS) was conducted 
during March and April 2011 using a Leica 
ALS50-II Scanner. Average recorded point 
density was 1.26 pulses/m2.

Systematic cluster sampling was applied to 
collect field data in the LiDAR sample areas. Six 
clusters were designed in each LiDAR block.
Altogether, 792 forest-located circular plots 
of size 500 m2 were measured in the field. The 
measurements at tree-level included all living 
trees and shrubs above 5 cm diameter within 
the plot area. Plot volume and biomass were 
calculated using species-group specific volume 
and biomass equations prepared by Sharma and 
Pukkala (1990).

LiDAR metrics describing the canopy height 
distribution are used to predict growing stock, 
biomass and other related characteristics of a 
forest stand (Lim et al., 2003; Næsset, 2002a). The 
LiDAR model is established by regressing field 
measurements with 30 LiDAR variables defined 
by Junttila et al., 2010. The selection of variables 
is done using the Sparse Bayesian methodology 
(Junttila et al., 2008). The ArboLiDAR tools 
developed by Arbonaut, Finland were used to 
apply this method. 

Field-based Multisource FRA approach 

The FRA Nepal Project (2010–2014) has 
applied a stratified two-phase systematic cluster 

sampling. In the first phase sampling, 4 km by 
4 km systematic grids were overlaid for visual 
interpretation. Out of the total, 4883 (56%) 
points were located in the forests. Altogether, 128 
sample clusters consisting of 676 sample points 
which represent about 13.8% points of the first 
phase forest-area samples were selected for field 
inventory.

In the Terai region, each cluster consisted of a 
group of 4 sample plots while there were 6 plots 
per cluster in the Siwaliks. A concentric circular 
sample plot with radii thresholds of 20 m, 15m, 
8 m and 4 m was designed for tallying and 
measuring different size of trees. Field inventory 
was carried out by a number of field inventory 
crews. The measured tree characteristics were 
used to calculate the volume of each species at 
plot-level, later extrapolated to the whole target 
area and finally estimated per unit area (Sharma 
and Pukkala, 1990). 

Costs of forest inventory

Hardcastle and Baird (2008) have described the 
cost of forest inventory under variable and fixed/ 
administrative costs. Variable costs depend on 
methods, spatial coverage, required accuracy, 
sampling intensity, materials to be used and 
the capacity of the executing organization.The 
administrative costs include costs of planning 
and organizing sampling events such as staffing, 
formulating inventory tools and techniques, 
personnel/experts involved, procurements and 
other costs which do not much vary with sampling 
design and other variables of inventory, if system 
is well institutionalized. In the case of the project-
based FRA, the total cost becomes the allocated 
budget to perform the task.  

Extent of variable costs of LAMP

Variable costs of LAMP comprise the expenditure 
required for: wall-to-wall LiDAR scanning in 20 
sample blocks, in situ measurements at 792 field 
plots; purchase of RapidEye satellite imagery, 
data processing, modeling (LiDAR model and 
satellite-based model) and biomass estimation 
for the whole study area. The cost-related data 
were collected from the records of the FRA Nepal 
Project and Arbonaut, Finland. The costs for data 
processing and model building were derived from 
the number of working days spent on these tasks 
and the respective hourly rates of the experts 
involved.

Kandel
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Variable cost magnitudes of field-based FRA

Several variable costs were associated during the 
implementation of field-based FRA. All relevant 
cost items, their composition and data sources are 
presented in table 1.

The second phase field inventory was organized 
in a mission-wise approach by sending the crews 
to the locations of different field sample clusters. 
To derive the related costs, the average number 
of days spent by a crew for the field inventory 
and the average number of sample plots measured 
by a crew in each mission were calculated. On 
an average, the field inventory crews spent 24 
days in a mission, and measured 12 sample plots. 
Including all the expenditure items, the average 
total cost of each crew mission was computed. 
Cost per plot was figured out by using the 
following formula:

Cost/plot= Total cost per crew mission/12 plots

The total cost was determined by adding the 
overall cost of all direct expenses. Finally, per-
hectare cost for the study area was derived. 

Estimation of subsequent monitoring cost 

Subsequent forest monitoring is needed in 
successive cycle to update the forest information 
(FAO, 2010; Tomppo et al., 2008; Kangas and 

Maltamo, 2006). Field-based FRA approach 
necessitates repeating forest inventory in the same 
way during successive time periods.  However, 
LAMP needs to update the model by interpretation 
of new satellite images for successive years  at 
least does not repeat other items up to certain 
cycles (Asner et al., 2010; Gautam et al., 2010; 
Lim et al., 2003; Næsset, 2002b). The LAMP 
model can also be applied to estimate historical 
biomass from satellite imagery of the past. In the 
case of TAL-Nepal, after collecting the baseline 
data, three succeeding cycles of five year interval 
have been set by assuming that the LAMP model 
does work up to the next 15 years. In this case, 
cost only requires for updating the model through 
interpretation and processing of new satellite 
images to produce AGB estimates. 

In consequence, a postulation has been set that 
includes the base line data collection, forest 
monitoring up to the next three rounds is a single 
task required for MRV. An additional assumption 
is that both systems will be institutionalized 
within the Department of Forest Research 
and Survey (DFRS) of Nepal thus, no cost is 
required to hire international experts. Hence, 
calculation of cumulative cost is required for 
the set subsequent forest monitoring series. We 
approach this build up of activity cost so that 
each successive total cost includes activity costs 

Table 1: Details of cost items involved in field-based multisource FRA

Expenditure items Details under each items Data sources

• Procurement of satellite imagery • Cost calculated from actual price re-
quired to buy RapidEye imagery. FRA Nepal Project

• Training cost to train field crews • Cost required for training the inventory 
crew members involved in field plot 
measurement.

FRA Nepal Project

• First-phase sampling (image 
interpretation) 

• Cost required for interpretation of the 
points within the study area. FRA Nepal Project

• Second-phase field inventory  
(in situ measurement)

• Preparatory cost
• Hardship allowance for  field crews and 

local staff paid by the Project
• Expenses required for social survey
• Accommodation cost for field crews
• Cost for vehicles and fuel
• Salary for crew members
• Field-gear

Mission-wise record 
from FRA Nepal 
Project

Salary-sheet

• Quality control of second-phase 
field inventory  About 7% cost of second-phase sampling Quality control team

• Data entry, processing analysis
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that precede it (Jhingan, 2002). Although the per 
hectare cost for consecutive inventory cycles 
could be significantly increased in the future, due 
to increasing prices of materials and labors, the 
given estimates of future inventory costs (Table 
4) were derived on the basis of the calculated 
present initial expenditures which reveal the 
indicative minimum cumulative cost required 
for successive cycles. The set of assumptions 
allow us to compare cost efficiency between the 
two approaches up to the defined sequence of 
measurement cycles.

Estimation of method accuracy

The Mean Square Error of an estimator, MSE 
or ME (θ) assesses the quality of an estimator 
in terms of its variation and unbiasedness. Two 
or more statistical models applied for the same 
purpose can be compared using the values of 
the ME (θ) to explain the reliability of two sets 
of observations (Lebanon, 2010; Moore and 
McCabe, 2001). For the purpose of this study, 
both field plot-based FRA method and the LiDAR 
assisted LAMP approach were compared with 
respect to their accuracy in estimating mean 
AGB at different spatial scales. The ME (θ) is 
calculated as the root of the sum of the variance 
and the squared bias of the estimator:

ME(θ )=√var (θ )+ bias(θ )2
  ............. (1)  

In order to derive the mean error at different 
spatial scales, the formula was modified by 
replacing variance with the square of the standard 
error of the mean. The standard error of the mean 
is the standard deviation of the error in the sample 
mean relative to the true mean:

          .................................. (2)
         

SEx̄=
s
√n

Where s is the standard deviation of the sample 
and n is the sample size (number of observations).

Using the sample size as an indicator of the spatial 
scale (area) at which a mean estimate is produced, 
the scale-dependent mean error was calculated as:

     ................. (3)

Where s is the standard deviation of above-ground 
biomass in FRA plots which was considered 
the true standard deviation of biomass, and n is 

the number of FRA plots or LAMP estimates 
respectively for a certain area.

For the FRA approach, n was scaled according to 
forest area, adopting an ideal case of equal spatial 
distribution of field plots over the forest:

           ................................ (4)
      

Where R is the forested area (ha) from which the 
mean estimate is produced, A is the total forested 
area (350,000 ha) according to the available 
vegetation map, and n FRA is the total number 
of FRA plots.

For the LAMP approach, n is equal to the area 
from which the estimate is produced. The LAMP 
method produces biomass estimates at 1-hectare 
resolution. That means LAMP produced 350,000 
samples in 350,000 ha but field-based FRA 
approach designed   only 150 samples. 

The FRA approach was considered an unbiased 
method because it is a design-based method 
that better follows to the laws of statistics, so 
that in this case the formula could be simplified 
to the formula for standard error of the mean 
(Equation 2).  The bias of LAMP was calculated 
by comparing LAMP estimates at FRA-plot 
locations with the corresponding FRA-based 
AGB values. The accuracy of the LAMP approach 
was calculated using equation 3.

Results and discussion
Total and administrative costs

Deducting the cost for LiDAR as indicated in 
the Project Document, the total budget of the 
FRA Nepal project is USD 7099973.00 allocated 
to conduct comprehensive national FRA. On 
the other hand, the LAMP was a sub-approach 
under the project conducted at sub-national scale 
to estimate AGB. The total cost of LAMP was 
USD 728957.00 which include USD 265320.00 
allocated by the FRA Nepal Project. The 
remaining budget was contributed by the WWF 
US/Nepal and the Arbonaut, Finland. On the basis 
of the total allocated budget, the cost for the field-
based FRA was USD 0.48/ha; the cost for LAMP 
being USD 0.31/ha. The administrative cost for 
the field-based FRA becomes USD 0.26/ha as 
compared to USD 0.03/ha in the case of LAMP.  

ME(θ )n= √s2

n + bias (θ )2
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Initial variable cost 
Model-based LAMP approach

In the study area, the total variable cost for LAMP 
was USD 655037.00, indicating USD 0.28/ha. 
A break-down of the entire variable costs under 
each item and cost per hectare are presented in 
table 2. The result reveals that LiDAR scanning 
is the most expensive comprising 44% of the total 
cost, followed by the field inventory which forms 
31.6% of the cost.

Table 2: Initial cost of LAMP over the entire 
study area

Cost items Total cost, 
USD

Cost/ha, 
USD

LiDAR scanning 290400.00 0.125

Procurement of  
satellite imagery 18480.00 0.0079

Field inventory 207240.00 0.089

Modeling LiDAR 
data with field 
plots

23232.00 0.0099

LAMP model 
building and data 
processing

115685.00 0.05

Total cost 655037.00 0.2818

Field-based Multisource FRA

In comparison to LAMP, the total variable expense 
for the multisource FRA method amounts to USD 
522450 for the same study area, which comprises 
USD 0.22 per hectare. A break-down of the total 
cost under each item and cost per hectare are 
presented in table 3.

Subsequent monitoring cost  

For future monitoring, the costs for LAMP are 
only related to model updates and data analysis 
for each successive LAMP cycle. These costs 
equal about USD 0.05/ha which was integrated 
in a cumulative figure for each successive cycle. 
Table 4 lists the cumulative cost for LAMP up 
to third consecutive series with USD 0.43/ha. In 
comparison, in the case of field-based multisource 
FRA, almost the same variable costs are involved 
in every consecutive inventory. Therefore, the 
initial cost of USD 0.22/ha was added for each 
inventory cycle. As a result, the cumulative cost 
per hectare (USD 0.44) for the approach is higher 
than the cost of LAMP (USD 0.33) already from 
the second inventory cycle onwards. By the 
fourth cycle, the cost for the design-based FRA 
approach reaches USD 0.88/ha compared to USD 
0.43/ha for the LAMP approach.

Table 4: Cumulative cost of multiple inventory 
cycles* of LAMP and field-based FRA

Forest 
monitoring  
approaches

Estimated cumulative cost 
(USD) for successive

Baseline 
cost

First 
cycle

Second 
cycle 

Third 
cycle 

Model-
based 
LAMP

0.28 0.33 0.38 0.43

Designed-
based 
Multisource 
FRA 

0.22 0.44 0.66 0.88

*one cycle = five years

Table 3: Baseline cost (USD) of the multisource FRA method in TAL-Nepal

Cost items Total cost, USD Cost/ha, USD
Procurement of satellite Image 18480.00 0.0079
Procurement of ancillary data and maps 2500.00 0.0011

First phase sampling 3000.00 0.0013

Method development and testing 2000.00 0.001
Training cost 8000.00 0.0034
Cost for second phase field inventory 359219.00 0.15
Data entry, processing  and analysis 129250.00 0.055
Total cost 522450.00 0.22
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Accuracy comparison

Table 5 demonstrates the behaviour of the mean 
error (ME) in mean biomass estimates produced 
by FRA and LAMP approaches at different spatial 
scales. The larger the estimation area, the lower is 
the mean error of the estimate.

Table 5. Mean error of mean biomass estimates 
at different scales for FRA and LAMP methods

Resolution  
(hectares 
of forest)

Mean error 
in FRA-plot-
derived mean 

biomass estimate  
(tonnes/ha)

Mean error in 
LAMP-derived 
mean biomass 

estimate  
(tonnes/ha)

1 6243.95 129.29
10 1974.51 40.97

100 624.39 13.21
1,000 129.26 4.90
5,000 88.30 3.26

10,000 62.44 2.99
50,000 27.92 2.76

100,000 19.75 2.73
350,000 10.55 2.71

The results indicate that mean error of LAMP at 
1 ha resolution is 129.29 tonnes/ha and after that 
it gradually decreases with increasing estimation 
area and  reaches an asymptotic limit of  2.7 tonnes/
ha at a 350,000 ha spatial resolution, which is the 
bias detected in the method. After that limit, mean 
error of estimate remains the same, even when the 
estimation area is increased. In comparison, the 
mean error of the FRA estimate at 1 ha is 6243.95 
tonnes/ha which is very high, but afterwards 
slowly decreasing with increasing forest areas, 
and goes down to 10.6 tonnes/ha when estimation 
forest area reaches 350,000 ha. 

Discussion

Nepal is in a REDD-readiness/demonstration 
phase, and needs to pay special consideration to 
the cost-efficiency and accuracy of the proposed 
REDD monitoring concepts. It is good practice 
to appraise alternative FRA methods in terms of 
cost-efficiency and accuracy which eventfully 
facilitates to determine accurate and reliable 
methods required to meet higher tiers approach 
for the estimation of carbon stock changes in cost 
effective way (IPCC, 2006). This study evaluated 
and compared the cost-efficiency and accuracy 

between the LAMP approach and the filed-based 
FRA method applied in Nepal’s TAL area for the 
purpose.

Hardcastle and Baird (2008) argue that the cost 
for forest inventory would be the total budget 
of a project, and in such case, variable and 
administrative costs are assumed to be equal. 
However, this study reveals that the administrative 
cost (USD 0.26/ha) for field-based FRA is higher 
than the variable cost (USD 0.22/ha). The reason 
behind is that about 46% project cost goes to the 
salary of experts (international 39% and regional 
7%) and about 16% is under operating cost (GoN/
GoF, 2010). It indicates that forest monitoring 
system has not been fully institutionalized, and 
the capacity of the executing agency needs to be 
further strengthened. The cost analysis explains 
that administrative cost of the FRA Nepal Project 
appears to be significantly higher than the LAMP, 
since the FRA Nepal Project has been designed 
for five years (2010–2014) to conduct national-
level FRA; however, LAMP was applied within 
three month-period for estimating only AGB in 
the targeted area. 

The results presented in this study reveal that 
model-based LAMP was more expensive in terms 
of variable cost (USD 0.06/ha) as compared to 
the design-based FRA for collecting baseline 
data. Although the cost difference between two 
approaches seems to be insignificant, the field-
based FRA process has collected data on more 
attributes as compared to the LAMP approach.  
It is obvious that multisource FRA is more cost 
efficient than the LAMP in terms of baseline data 
collection for the whole TAL area.

The International Panel on Climate Change 
(IPCC) estimates £0.025 – £0.30/ha cost of 
national forest carbon inventories (Hardcastle 
and Baird, 2008). LiDAR-based forest inventory 
has been recently applied in different parts of the 
world to estimate forest carbon stock. Carnege 
Institution for Science, USA operated LAMP 
in Peru, Madagascar and Colombia to estimate 
forest carbon stocks and emission by using 2.8–
12% LiDAR sampling, freely available Landsat 
Thematic Mapper (TM) image, limited field 
measurement and automated non-commercial 
CLASlite software at cost ranging from USD 
0.20 to USD 0.06 ha-1 (Asner et al., 2010, 2011; 
Asner, 2009). For the 4.3 million ha Peruvian 
Amazon forest, 12% LiDAR sampling was used, 
and only 131 large field plots (radius 30 m, area 
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per plot 0.2827 ha, total area 37 ha), and 37 small 
field plots (radius 3 m, area per plot 28.27 m2, 
total area 1,046 m2) were measured in the study 
area to calibrate LiDAR metrics of aboveground 
carbon at USD 0.08/ha (Asner et al., 2010). This 
study discloses that the cost of LAMP in Nepal is 
higher than in those countries. One of the  reasons 
for this is that the intensity of field sampling was 
significantly higher (radius 12.62 m, area per plot 
500 m2, plot measured 792 and total area 39.6 ha) 
in Nepal to represent the vegetation types and 
regional variation. Field inventory did cost second 
highest amount (USD 0.089/ha) after LiDAR 
scanning. Moreover, employing international 
experts for data processing and model building 
increased the cost. 

The analysis of variable cost of multisource FRA 
(Table 3) shows that the field inventory forms 
the most expensive component. On an average, 
the cost per plot was USD 531.50; the total 
estimated cost to measure 676 concentric circular 
plots being USD 359,219.00 (71%). Data entry 
and processing needed approximately 23% of 
the total cost. The expenditure for the remaining 
items seems to be insignificant. 

The results of subsequent variable cost comparison 
(Table 4) show that the minimum cumulative cost 
for field-based FRA is significantly increasing 
from the first cycle of inventory, and reaches 
more than double the cost of LAMP up to the third 
cycle. The reason for this is that all the variable 
cost items were included in every successive 
cycle for multisource FRA processes, whereas 
in the case of LAMP, the only cost required is 
for model updating through new satellite image 
interpretation. As a result, the LAMP approach 
appears to be more cost efficient in subsequent 
forest carbon monitoring. 

Multisource FRA is a design-based method, 
whereas LAMP is a model-based approach. The 
key difference between the two approaches lies in 
source of randomness they utilize (Särndal, 1978). 
In designed-based sampling theory, the source 
of randomness is the probability introduced 
by sampling design to the various subsets of 
population. However, in a model-based approach, 
all the randomness in the inference is due to the 
population, and not due to the sampling method 
adopted as in a design-based approach (Kangas 
and Maltamo, 2006; Kangas, 1993). 

To attain Tier 3 in REDD+, spatially explicit 
estimates are required to determine reliable 
forest carbon stock difference. LiDAR-assisted 
inventory is the most accurate method to provide 
higher-resolution biomass estimates and carbon 
stock (Asner et al., 2012; Arbonaut, 2010; IPCC, 
2006; Næsset, 2002a,b). The ME of an estimate, 
ME (θ) is a useful criterion to compare two 
estimators, the one with smaller ME (θ) is said to 
be a more accurate approach than the other (Kohl 
et al., 2011). For the purpose of this study, the 
dataset generated by LAMP and multisource FRA 
approaches were used to estimate mean AGB. 
Comparison of accuracy was done by calculating 
ME (θ).

Table 5 presents the ME of mean biomass 
estimates at different scales ranging from 1 ha to 
350,000 ha forest for both inventory approaches. 
The results clearly disclose that the biggest 
difference between the two approaches is spatial 
resolution. The ME in the LAMP-derived mean 
biomass estimate is found to be significantly 
smaller at all spatial resolutions than the one in 
the FRA-plot derived mean biomass estimate. The 
ME at 1000 ha scale of field-based FRA becomes 
129.26 tonnes/ha as compared to the ME at 1000 
ha spatial resolution of LAMP estimate (4.9 
tonnes/ha). Thus, accuracy of LAMP is enough to 
estimate AGB up to management regimes. 

Community Forestry (CF) is one of the key 
strategies of forest management in Nepal, where 
national forests have been handed over to the 
local Forest Users Groups (CFUGs) for their 
autonomous management and use. CFUGs are 
authorized local organizations, and possess 
right to claim for carbon credit gained due 
to the protection and management of handed 
over forests. To date, nearly 18,000 CFUGs 
are managing about 1.7 million ha forest (22% 
of the total forest area) throughout the nation 
(DoF, 2012). In the TAL area, there are more 
than 1600 CFUGs managing nearly 240,000 ha 
forest (DoF, 2012; Joshi and Bhatta, 2010). The 
statistics shows that average size of community 
forest is 150 ha in the TAL region. The results in 
table 4 illustrate that the mean error in LAMP-
derived biomass is 13.21 tonnes/ha at 100,000 ha 
spatial extent. However, the same accuracy is not 
possible through field-based FRA. As a result, the 
accuracy of LAMP is good enough to estimate 
biomass stock of community forests. 
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Conclusion
Selection of the most cost efficient and accurate 
forest monitoring method is a matter of  
optimization which demands comparative study 
between the approaches. This study tried to 
compare the costs and Nepal. The administrative 
cost of the field-based FRA is higher than 
its variable cost due to the involvement of 
international and regional experts in the Project. 
This study concludes that the cost of forest 
monitoring greatly depends upon national 
capacity. National-level FRA in Nepal has been 
conducted on project-basis as the organizational 
capacity of the executing agency needs to be 
further strengthened. Therefore, it is recommended 
that forest monitoring system in Nepal should be 
periodic and mandatory, and ensured by policy 
instruments and national forestry programme.  

Within the stipulated forest inventory schemes, 
variable expenses of the model-based LAMP was 
found to be more costly in baseline data collection 
than that of the field-based FRA. On the contrary, 
the model-based LAMP is more cost efficient in 
subsequent forest monitoring. This study indicates 
that the model-based LAMP is more cost efficient 
as compared to the field-based FRA to monitor 
forest carbon stocks in short period of time, and at 
the same time, does not require whole processes 
up to certain inventory cycles. However, the cost 
required for the purpose within the TAL area in 
Nepal was found to be higher than that reported in 
other countries. Hence, the intensities of LiDAR 
sampling and field-plot measurement seem to be 
further analyzed. 

Theoretically, smaller the mean error of the 
estimate, higher is the accuracy. The result reveals 
that mean errors of LAMP-derived estimates are 
significantly smaller than the mean error of the 
FRA-plot-derived estimate at different spatial 
scales ranging from 1 to 350,000 ha forest area. 
For this reason, the study concludes that the 
LAMP approach is highly accurate to estimate 
AGB at small spatial scale even at management-
level forest regime, e.g. community forests of 
Nepal.

The choice of inventory method should always be 
made depending on the expected outcomes and 
forest variables to be measured. Through field-
based multisource FRA method, information 
about a vast number of target variables can be 
collected, ranging from tree-level characteristics 

to biodiversity and soil. A model-based LAMP 
method covers much less forest variables, and 
cannot replace a multisource inventory. However, 
it produces biomass and carbon stock estimates 
at high spatial resolution suitable for IPCC Tier 
3 level, which is difficult to achieve with field-
based multisource inventory. 
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Seabuckthorn (Hippophae salicifolia D. Don.), an important multi-purpose tree, is 
found at altitudes of 2000–3600 m amsl in Nepal, but so far no models have been 
developed for estimating the biomass of this species, thus hampering resource 
assessment and management planning. Hence, the objective of this study was 
to develop local biomass models for wood, fruit, and leaves of Seabuckthorn. In 
November 2006, a diameter-stratified sample of 30 trees was harvested in Lete 
and Kunjo Village Development Committees at an altitude of about 2300 m amsl 
in the lower part of Mustang District, Nepal. The fresh weight of fruit and oven-dry 
weight of wood (stem and branches) and leaves were measured and used as a 
basis for developing biomass models. Diameters of the trees were measured at 
30 cm above ground whereas the heights were measured in terms of the total 
tree height (m). Among several models tested, the models suggested for local 
use were:  ln(woody biomass, oven-dry, kg) = -3.083 + 2.436 ln(diameter, cm), ln 
(fruit biomass, fresh, kg) = -3.237 + 1.346 ln(diameter, cm) and ln(leaf biomass, 
oven-dry, kg) = -4.013 + 1.403 ln(Diameter, cm) with adjusted coefficients of 
determination of 0.99, 0.73 and 0.91 for wood, fruit, and leaves, respectively. The 
models suggested for a slightly broader range of environmental conditions were: 
ln (woody biomass, oven-dry, kg) = -3.277 + 0.924 ln(diameter2 × height), ln(Fruit 
biomass, fresh, kg) = -3.146 + 0.485 ln(diameter2 × height) and ln(leaf biomass, 
oven-dry, kg) = -4.121 + 0.532 ln(diameter2 × height) with adjusted coefficients of 
determination of 0.99, 0.68, and 0.92 for wood, fruit, and leaves, respectively. The 
models can be used in assessment of Seabuckthorn resources and above-ground 
carbon and in the management of these resources by communities and others.

Key words: Allometric models, biomass functions, wood, foliage, fruit, leaves

Above-ground biomass models for Seabuckthorn  
(Hippophae salicifolia) in Mustang District, Nepal

R. Rajchall  and H. Meilby2

Seabuckthorn is a general name for a group 
of shrubs or small trees belonging to genus 
Hippophae Linn., under Elaeagnaceae 

family. All species of the genus Hippophae are 
dioecious, deciduous, thorny and willow-like 
woody plants (Lu, 1992). Seabuckthorn is a 
fast-growing multipurpose species which has 
an extraordinary capacity to grow and survive 
under extreme conditions (-40 to +40º C), and 
has an extensive rooting system with strong soil 
binding capacity, making the species useful for 
soil stabilization, river bank control and water 
retention (TISC, 2001). Seabuckthorn berries and 
leaves are rich sources of vitamins, antioxidants, 
and other nutrients and are widely recognized for 
their medicinal value (Maertz, 2006). For farmers 
living in the mountains, Seabuckthorn offers 
opportunities to maintain sustainable livelihoods 
by providing fuelwood, fodder, healthy foods, 

and medicinal products and protecting the land 
from soil erosion (Lu, 1992; Ansari, 2003).

Two species of Hippophae are native to the 
mountain regions of Nepal, H. salicifolia D. Don 
and H. tibetana Schlecht. (Lu, 1990; Lu, 1992; 
Kharel, 1999; Vaidya, 1999). According to Gupta 
et al. (2000), H. salicifolia is found between 2000 
m and 3600 m altitudes amsl, whereas H. tibetana 
is found at slightly higher elevations of 3300 – 
4500 m amsl (Ansari, 2003). The two Hippophae 
species have been reported from the mountain 
areas of Baglung, Darchula, Dolakha, Dolpa, 
Humla, Jajarkot, Jumla, Kaski, Manang, Mugu, 
Mustang, Ramechhap, Rasuwa, Solukhumbu 
and Taplejung Districts (Vaidya, 1999; Gupta et 
al., 2000; TISC, 2001; Baral, 2002). In Mustang 
District, the species emphasized in this study, H. 
salicifolia, grows along the banks of rivers and 

1  US Geological Survey, Denver, Colorado, USA.  E-mail: rrajchal@hotmail.com
2  Department of Food and Resource Economics, University of Copenhagen, Denmark.
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streams, on flood plains, steep slopes, alluvial 
soils, and newly eroded colluvial deposits of 
Lete, Kunjo, and Kobang Village Development 
Committees (VDCs).  

Despite widespread use of Seabuckthorn and 
considerable worldwide attention, only few 
studies on the species have been conducted so 
far in Nepal. Some initiatives have increased 
local utilization of the fruit of Seabuckthorn by 
promoting juice making, and it appears that local 
communities and development organizations are 
mainly concerned with product utilization issues. 
However, for commercial utilization and proper 
management of natural populations of the species, 
estimation of available resources is crucial. 
Because of the strong allometric relationship 
typically observed between biomass and diameter/
height of a tree species, the use of regression 
estimates offers a reasonable, efficient and non-
destructive approach to biomass estimation. 
Additionally, because of the growing interest in 
above ground biomass estimation triggered by the 
need for assessment of carbon stocks in forests, 
biomass functions for Seabuckthorn offers a 
useful tool for estimating carbon retention in 
other similar species for which only few studies 
have been made. 

Therefore, the primary objective of this study was 
to develop local above ground biomass models 
for wood, fruit and leaves of Seabuckthorn  
(H. salicifolia) in Mustang District, Nepal. The 
study should be useful not only to academic 
communities for estimating and comparing the 
biomass of Seabuckthorn forests/thickets but also 
to the local communities of Mustang District for 
assessing the current resource status as a basis for 
planning their resource extraction.

Materials and methods
Study area

Mustang is one of the main districts of the 
Annapurna Conservation Area that covers most 
of the Annapurna Himal complex and the Kali 
Gandaki Valley. The district, with Jomsom as its 
headquarters, covers an area of 3,573 km2, and 
has a population of about 15,000 (HMG/N, 2001). 
It extends from 28º24′ to 29º20′ N latitudes and 
from 83º30′ to 84º10′ E longitudes. The terrain is 
rugged and ranges from 1372 m to 8167 m amsl, 
thus representing sub-tropical to alpine types of 
climate. The district is characterised by a very 

large biodiversity, unique landscapes and rich 
cultural heritage, and has, therefore, become one 
of the most important tourist destinations in the 
nation. 

The study area is located in Lete and Kunjo 
VDCs in Lower Mustang, and covers about 61 
ha of Seabuckthorn forest/thicket, the majority 
of which is located along the Kali Gandaki River 
(Rajchal, 2007) (Fig. 1).

Data collection

Selection of trees and measurements

In November 2006, thirty Seabuckthorn trees 
were selected on the banks of the Kali Gandaki 
and Lete Rivers, both in Lete and Kunjo VDCs. 
The trees were evenly distributed across nine 
diameter classes (each 5 cm wide); the diameters 
of the selected sample trees ranged from 1.4 cm to 
43.2 cm at 30 cm above ground. The total height 
of the selected trees ranged from 1.8 m to 15.2 m. 
Due to the shrub-like character of H. salicifolia 
and the occurrence of small individuals, the stem 
diameters were measured 30 cm above ground. 
Dead, dying or malformed individuals were 
avoided while selecting the sample trees. The 
direction of felling was determined before felling 
the trees; the ground was cleared for shrubs and 
other obstacles, and a 20 m × 10 m Tarpaulin was 
laid out in the direction of felling to prevent loss 
of leaves or dead branches. Tree height, crown 
diameter, bark thickness and number of annual 
rings 30 cm above ground were measured after 
felling. At the analysis stage, these measurements 
were included in our search for the most suitable 
biomass model. Tree height and crown diameters 
were measured to the nearest 10 cm, and diameter 
30 cm above ground was measured to the nearest 
1 mm. Finally, the thickness of the bark was 
measured to the nearest 0.5 mm. 

Fresh (green) weight measurement

The thirty sample trees were cut both at 30 cm 
above ground and as close as possible to the 
ground to include the stump. All branches with 
leaves and fruit were separated, and the trunk 
and branches were cut into short, manageable 
segments. All the leaves were clipped off, and 
the fruit were collected safely from the branches 
which were added to the wood biomass. The 
woody parts were weighed to the nearest 0.1 kg in 
the fresh (wet) condition using a Spring Balance, 
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and the leaves as well as fruits were weighed in 
situ to the nearest gram using a battery-powered 
balance. 

Sample collection for oven-dry weight

Wood discs of stems (approximately 1 inch thick) 
from different parts of the trees were sawn off in 
the field, and the fresh weight was determined 
to the nearest gram using a battery-powered 
Balance. Representative samples of leaves were 
collected, and weighed to the nearest gram. Wood 
and leaf samples were kept in a dry and shady 
place prior to final oven-drying. 

Oven-dry weight determination

The wood samples were oven dried at a constant 
temperature of 105°C for 48 hours (FRI, 1986) to 
obtain constant weight (weighing to the nearest 

0.01 gram). The leaf samples were oven dried 
at 70°C (Rayachhetry et al., 2001) for 12 hours, 
until no further weight loss was observed. For 
each sample, the dry matter content (DMC, in 
per cent of fresh weight) and the moisture content 
(MC, in per cent of dry weight) were calculated 
as:

        , and

where, Wfresh   is fresh weight and Wdry   is oven-
dry weight.

Based on these values, average DMC and average 
moisture content (MC) were estimated for wood 
and leaves. Using these estimates and the fresh 
weight measurements made for trunk and branch 
segments and piles of leaves, oven-dry weights 
were calculated for each tree for application in 

%100×=
fresh

dry

W
W

DMC MC =    X 100%
Wfresh – Wdry

Wdry

Fig. 1: Map of the study area and the locations of Seabuckthorn (Hippophae salicifolia) forests
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regression models. For fruit, the fresh weight 
measured in the field was used directly in 
regression models. 

Biomass models

A range of different biomass models including 
some of the models commonly encountered in 
the literature were tested. The tested models are 
as follows:
Model 1: ln B = a + b ln D

Model 2: ln B = a + ln D2H

Model 3: ln B = a + b ln D + c ln H

Model 4: B = a + b D

Model 5: B = a + b H

Model 6: B = a + b D + c H

Model 7: B = a + b D2H

Model 8: B = a + b D + c D2

Model 9: B = a + b Cd

where, D is diameter at 30 cm, H is total height 
of the tree, Cd is the crown diameter, B is biomass 
of oven-dry wood, oven-dry leaves, or fresh fruit 
of Seabuckthorn, and a, b, and c are parameters to 
be estimated.

Comparison of different models was based on: 
(i) adjusted coefficient of determination (adj. R2) 
which makes it possible to compare models with 
different numbers of parameters (Montgomery et 
al., 2001); (ii) significance of parameter estimates 
when tested at the 5% level; (iii) homogeneity of 
residual variance and distribution of the residuals; 
(iv) Standard Error of the Estimates  or Standard 
Deviation of the Residuals (SEE); and (v) 
simplicity and low requirements with respect to 
number of variables that need to be measured in 
the field.

Many biomass studies apply data splitting 
procedures when validating biomass models 
(e.g. Poudel et al., 2011). However, due to the 
low number of observations, it would be too 
wasteful to split the data into separate calibration 
and validation datasets. Instead, repeated cross-
validation was carried out where, in each of 
N validation runs, a single observation was 
omitted and the model parameters estimated on 
the remaining N-1 observations. Each of the N 
resulting models was subsequently used to predict 

biomass for the tree that was omitted in each of 
the cases. The errors obtained through this leave-
one-out cross-validation were summarised as per 
centage bias (PBIAS) and root mean squared 
error per centage (RMSE%) as follows:
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where Bobs,i is observed and Bpred,i is predicted 
biomass and i = 1…n.

Limitations of the study

H. salicifolia is a dioecious and biennial plant 
species and, therefore, only female trees bear 
fruit and only every second year. Fruit ripening 
starts in autumn and remain on the branches until 
the following spring. In this study, only fruiting 
trees were considered as female, and were, thus, 
included in the estimation of the biomass model 
for fruit. Fruits were collected in November during 
the peak ripening time of the autumn season, and 
the fruit biomass models, therefore, express the 
maximum amount of fruit in 2006. H. salicifolia 
is also a deciduous plant species, and the amount 
of leaves varies from season to season every year. 
The plant starts producing leaves in late spring; 
the leaf biomass reaches maximum during the 
summer. The leaves begin to fall in the autumn, 
and completely fall off the branches in the winter. 
Since sample trees were felled in November, the 
biomass function for leaves expresses the amount 
of foliage after the annual peak, but before the 
minimum was reached. 

Results and discussion
Results
Basic data

As described above, average moisture and 
dry matter contents of wood and leaves were 
estimated for samples of wood discs and leaves. 
The estimated average moisture contents of 
wood and leaves were 137.4% (SE 1.5%, n=10) 
and 186.2 % (SE 0.5%, n=5) of dry weight, 
respectively. The corresponding average dry 
matter contents of wood and leaves were 42.1% 
and 34.9% of the fresh weight respectively. Based 
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on these values and the fresh weights measured 
in the field, oven-dry weights of wood and leaves 
were estimated for each sample tree. The entire 
set of measurements of different variables is 
presented in table 1.

Development of models

As expected, the biomass increased with 
increasing diameter and height. A preliminary 
examination of scatter plots showing the biomass 
of wood, fruit, and leaves against diameter and 

Table 1. Measurements of biomass components and other variables for 30 individual trees of 
Seabuckthorn (H. salicifolia D. Don.) sampled in Lete VDC, Mustang District, Nepal in November 
2006.

SN
Diameter 
at 30 cm 

(cm)

Total 
height

(m)

Oven-dry  
biomass (kg)

Fresh fruit 
biomass

(kg)

Crown 
diameter 

(m)

Bark 
thickness 

(mm)

No. of 
growth 
rings†

Sex‡
Wood Leaves

1 1.4 1.8 0.18 0.03 0 0.9 2 2 U
2 2.5 2.2 0.67 0.06 0 1 2.5 3 U
3 3.4 2.6 0.46 0.12 0 2.5 3 4 U
4 3.5 2.6 0.55 0.14 0.16 2.7 3.2 5 F
5 4.1 3.3 1.27 0.13 0.2 1.4 3.8 5 F
6 4.7 2.7 0.58 0.22 0.31 2.7 4 5 F
7 4.9 3.7 1.73 0.07 0 1.9 4 6 M
8 5.2 3.5 3.58 0.23 0.96 2.1 3.8 5 F
9 6.8 3.5 6.89 0.41 1.24 2.3 3.89 5 F
10 10.0 3.88 10.70 0.63 1.352 1.8 4.5 9 F
11 10.0 4.9 9.14 0.24 0.668 3.55 4 8 F
12 10.8 5.3 14.61 0.33 0.095 4.15 3.5 7 F
13 12.1 8.6 22.32 0.79 0.5 3.85 6 9 F
14 12.5 5.8 21.41 0.58 0 3.8 4.37 10 M
15 16.0 9.3 46.92 1.12 0.46 4.7 7.13 14 F
16 18.8 8.7 58.60 0.13 1.08 5.6 11.5 16 F
17 19.0 6.8 62.92 0.75 3.875 5.1 10 22 F
18 20.8 8.2 71.64 0.75 2.16 5.8 13.75 30 F
19 21.1 7.4 60.98 1.24 0.97 5 7 23 F
20 26.0 9.5 113.38 0.75 3.7 4.4 8 26 F
21 26.3 9.7 141.64 1.36 3.9 5.6 9 30 F
22 26.8 9.8 164.76 1.59 3.412 8.5 14.3 33 F
23 27.5 13.4 170.64 2.50 2.08 6.8 11.5 16 F
24 28.9 8.0 143.93 1.22 10.26 6.75 11 64 F
25 29.0 11.5 148.18 4.06 0 6.55 13.3 60 M
26 34.1 10.5 259.69 3.00 0 7.1 13.5 44 M
27 35.9 11.4 280.77 2.40 5.82 8.85 15.8 51 F
28 36.5 13.4 307.45 4.64 0 8.75 12 41 M
29 40.1 14.0 409.72 5.10 8.51 9.05 13.5 42 F
30 43.2 15.2 528.71 5.49 6.76 9.6 14 38 F

† Number of growth rings was counted 30 cm above ground
‡ Sex: U: Unknown (n=3), M: Male (n=5), F: Female (n=22)
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height indicated that relationships between 
biomass and independent variables were non-
linear and characterised by heterogeneous 
variance. This is illustrated in figure 2.

Models were developed using stem diameter 30 cm 
above ground and total tree height as independent 
variables. A range of regression models were 
compared to identify the best possible model for 
which no deviations from the general assumptions 
of linear regression were observed and which 
provided the best possible statistical fit. Among 
such models, the most attractive relationships 
between biomass and diameter and/or height was 
obtained when the logarithm of biomass, ln B, was 
regressed against the logarithm of diameter, ln D 
or the product of height and squared diameter, ln 
D2H. Such double-logarithmic allometric models 
are widely used in tree biomass studies as they 
generally provide reliable results for many types 
of biomass measures (Whitesell et al., 1988; 

Crown and Schlaegel, 1988; Kadeba, 1991; Ter-
Mikaelian and Korzukhin, 1997; Ingerslev and 
Hallbacken, 1999 and Claesson et al., 2001). 
Consequently, for the biomass of wood, fruit, and 

leaves, the selected models were:

Model 1: ln B = a + b ln D, and

Model 2: ln B = a + b ln D2H

where ln is the natural logarithm, B is the biomass, 
D is the diameter at 30 cm above ground, and H is 
the total height of the tree. 

These models are log-transformed power 
functions, i.e. Y = aXb, but unfortunately, the 
transformation introduces bias to the estimated 
biomass (Finney, 1941; Beauchamp and Olson, 
1973; Lee, 1982). Sprugel (1983), therefore, 
proposed a correction factor (CF) which adjusts 
for the logarithmic bias:

Fig. 2: Biomass of wood, fruit and leaves vs. stem diameter (30 cm above ground) and total  
 tree  height
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For the final selection between the two models, 
comparisons were made with respect to the 
significance of the parameters of the regressions, 
adj. R2, SEE, residual distributions (using scatter 
plots and histograms), cumulative probability 
plots and practical applicability of the models. 
For each of the three biomass components, one 
major outlier was detected and removed (#6 for 
wood, #12 for fruit and #16 for leaves, see Table 
1) before preparing the final models. Parameter 
estimates of the models are presented in table 2. 
Residual plots are shown in figure 3.

All models were highly significant (Pr>F < 
0.001), and except for the fruit biomass models, 
all adjusted R2 values exceeded 0.8. In Model 1, 
the estimated slope parameter (b) was generally 
greater than 1, indicating that the biomass of 
wood, fruit, and leaves all increase progressively 
with increasing diameter. Furthermore, in 
agreement with the fact that leaves and fruit are 

attached to the same structures of the tree, the 
estimated slopes of the fruit and leaves biomass 
functions were similar. For wood and leaves, 
model 2 yielded a slightly better fit (lower SEE, 
higher adjusted R2) than model 1, but for fruit, 
the model fit was not improved by including tree 
height. 

Cross-validation

The cross-validation showed that both models 
1 and 2 for wood and fruit produced small 
percentage bias values (between -2% and +2%), 
whereas numerically they were slightly larger 
(about -6%) for leaves (Table 2). In agreement 
with the patterns observed for SEE and adjusted 
R2, the root mean squared error percentages for 
wood and leaves were slightly lower for model 2 
than for model 1, whereas the opposite pattern was 
observed for fruit. Moreover, in agreement with 
the wide scatter (relative to biomass) observed for 
fruit and leaves in figure 2, the root mean squared 
error percentage was much greater (51–68%) for 
fruit and leaves than for wood (14–18%). 

Table 2: Regression models describing above ground biomass components of H. salicifolia. Units 
of measurement: diameter 30 cm above ground (D): cm, height (H): m, biomass (B): kg.

SN
Variable 
(biomass) 

B

Param. estimates 
(and standard 

errors) Adj. R2 SEE CF F Value Pr>F

Leave-one-out 
cross-validation 

errors

a b PBIAS† 
%

RMSE‡ 
%

Model 1: Models with D as independent variable (ln B = a + b ln D)

1 Wood (dry) -3.083 
(0.149)

2.436 
(0.054) 0.986 0.269 1.037 2031.12 <0.001 -1.61 18.17

2 Fruit fresh) -3.237 
(0.512)

1.346 
(0.181) 0.730 0.633 1.222 55.19 <0.001 0.18 62.09

3 Leaves 
(dry)

-4.013 
(0.226)

1.403 
(0.083) 0.910 0.423 1.093 282.72 <0.001 -6.03 56.70

Model 2: Models with D2H as independent variable (ln B = a + b ln D2H)

1 Wood (dry) -3.277 
(0.150)

0.924 
(0.020) 0.987 0.264 1.036 2104.87 <0.001 0.89 13.68

2 Fruit 
(fresh)

-3.146 
(0.563)

0.485 
(0.074) 0.679 0.690 1.269 43.36 <0.001 1.99 68.27

3 Leaves 
(dry)

-4.121 
(0.224)

0.532 
(0.031) 0.915 0.409 1.087 303.56 <0.001 -5.57 50.95

Note: Number of observations: n=29 for wood and leaves and n=21 for fruit (one outlier omitted in 
each case)
† Bias: mean error in per cent of mean biomass
‡ Root mean squared error in per cent of mean biomass

Rajchal and Meilby



Banko Janakari, Vol. 23, No. 1

30

Rajchal and Meilby

Model 1, wood

-2 0 2 4 6

S
ta

nd
ar

di
se

d 
re

si
du

al

-3

-2

-1

0

1

2

3

0 5 10 15

Model 2, wood

-2 0 2 4 6 0 5 10 15

Model 1, fruit

-2 -1 0 1 2

S
ta

nd
ar

di
se

d 
re

si
du

al

-3

-2

-1

0

1

2

3

0 5 10

Model 2, fruit

-2 -1 0 1 2 0 5 10

Model 1, leaves

Predicted ln(Biomass)

-4 -3 -2 -1 0 1

S
ta

nd
ar

di
se

d 
re

si
du

al

-3

-2

-1

0

1

2

3

Frequency

0 5 10 15

Model 2, leaves

Predicted ln(Biomass)

-4 -3 -2 -1 0 1

Frequency

0 5 10

Fig. 3: Standardized residuals for model 1 (left): ln Biomass = a + b ln Diameter; and model 2 
(right): ln Biomass = a + b ln Diameter2 × Height for oven-dry wood (top) and leaves (bottom), 
and fresh fruit (middle).

Discussion
Suitability of the models

Based on the results in table 2, the allometric 
model 2, ln B = a + b ln D2H, seems to be better 
suited for wood and leaves because the adj. R2 
and SEE values are better (higher and lower, 
respectively) for this model than for the alternative, 

ln B = a + b ln D. Conversely, for fruit, the most 
attractive model is ln B = a + b ln D. 

Based on the graphs in figure 3, it appears that for all 
biomass components, i.e. wood, fruit, and leaves, 
the standardized residuals of the two alternative 
models were found to be approximately normally 
distributed with mean zero. Most standardized 
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residuals are small, exhibit no clear pattern and 
only few values exceed ±2. A visual examination 
and comparison of the residual plots of the two 
model types did not reveal any major advantages 
of one over the other. Line fit plots also showed 
that the predicted biomass do not deviate much 
from observed values for any of the biomass 
components (not shown).

Some Seabuckthorn trees in the study area had 
lost a major proportion of their branches to 
firewood, berry and fodder collectors. Others 
were damaged in other ways. When selecting the 
30 sample trees, severely damaged or malformed 
trees were deliberately avoided, and the models 
presented here, therefore, describe the expected 
biomass of trees that are intact or almost intact. 
When applying the models to populations of trees 
that have lost part of their crowns, a biomass loss 
(in terms of percentage) assessment should also 
be done.

Fruiting presumably varies between years and 
given the fact that the models presented here 
are based on data gathered within a single year, 
observations made in other years may deviate 
markedly from model predictions. Similarly, it 
should be noted that the amount of leaves in a 
given tree varies over the season and from year 
to year, and leaf biomass models based on data 
collected in a single year; therefore, the models 
may not produce central estimates of leaf biomass 
in other years, or at other times or locations.

Validation of the models

Due to the low number of observations, creation 
of separate calibration and validation datasets 
was considered inappropriate. Instead, leave-one-
out cross-validation was carried out, essentially 
simulating a situation where the final model was 
applied to a new observation from the same study 
site. Since no data were available from outside 
Lete and Kunjo VDCs or from other years than 
2006, it is impossible to state exactly how the 
models would perform outside this area and year, 
particularly for fruit and leaves. In agreement with 
the visual impression (Fig. 2), the cross-validation 
showed that the validation errors (in per cent) 
obtained for fruit and leaves varied considerably 
more than for wood. However, average per 
centage bias was low for both wood and fruit, 
but slightly greater for leaves (approx. -6%). 
Flowering, fruiting, and foliation are sensitive 
to time of year, and the current physiological 

state of the individual fruit is produced only 
to the extent that resources are available. By 
contrast, wood biomass is cumulative by nature. 
Therefore, while the effect of fluctuating growth 
conditions are smoothened for biomass of wood, 
the biomass of foliage and particularly fruit vary 
considerably between individuals of the same 
size in a given year, as well as between years for a 
given individual. The relatively poor performance 
of models for fruit, both in terms of Adj. R2 and 
RMSE%, is, therefore, not unexpected.

Applicability of the models

Both models, ln B = a + b ln D and ln B = a + b ln 
D2H, are capable of describing the local variation 
of the biomass of wood, fruit, and leaves. The 
regression parameters, residual plots and line fit 
diagrams did not provide any strong arguments 
for choosing one model over the other. Hence, the 
following conclusions can be drawn. 

For local model application, considering diameter 
only is a practical solution because including 
height did not lead to a much better explanation 
of the variation in biomass. The advantage of 
a model with diameter as the only independent 
variable is that it is simple, practical and easy 
to use (Wang et al., 2000; Ter-Mikaelian and 
Korzukhin, 1997). The biomass table in annex 
1 is, therefore, based on models only including 
diameter. Several researchers have concluded that 
tree biomass is primarily a function of diameter 
(Onyekwelu, 2004; Verwijst and Telenius, 1999; 
Rapp et al., 1999; Wang et al., 2000; Naidu et 
al., 1998; Ter-Mikaelian and Korzukhin, 1997; 
Kadeba, 1991). Furthermore, considering the 
time that would need to be invested in obtaining 
height measurements in the field, the associated 
measurement errors, and the fact that the 
inclusion of height did not significantly improve 
the performance of the model, the application of 
diameter alone is easy to justify. 

Growth conditions vary from site to site, and at 
sites that are poorer or drier than those where 
the trees were sampled, tree height for a given 
diameter is likely to be lower than in the dataset 
used for calibration of the biomass models. 
Forouhbakhch et al. (2006) showed that the 
diameter and height are not only good indicators 
of the site conditions but are also dependent on 
other factors such as interspecies competition. 
Feldpausch et al. (2011) stated that the relation 
between diameter and height varies significantly 
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depending on geographical region, climate, forest 
type and structure. Hence, although the available 
data did not allow us to validate the models in 
other areas or for other years, it seems likely that 
among the two model types presented here, the 
model type that would be least sensitive to site 
conditions, and may, therefore, be somewhat 
safer to use at other sites, is Model 2 with the 
independent variable D2H. However, before 
applying the model, local validation should 
always be carried out.

Conclusion
Based on a sample of 30 H. salicifolia trees, a 
range of allometric biomass models were tested, 
and two models for each biomass component 
(wood, fruit, and leaves) were proposed, one 
for local use and another that, after successful 
validation, may be suitable within a broader 
range of conditions (Table 2). The entire dataset 
presented in table 1 should allow future studies 
to use the dataset for validation of models based 
on datasets from other stands with H. salicifolia. 
Moreover, future studies may combine the dataset 
with their own data to prepare models including 
variation between sites.
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Annex 1. Biomass table for wood (above-ground, dry weight), fruit (fresh weight) and leaves (dry weight) 
for Seabuckthorn (H. salicifolia D. Don.). model 1, cf. Table 2.

Biomass† Biomass†
Diam30

(cm)
Wood

dry (kg)
Fruit

fresh (kg)
Leaves

dry (kg)
Diam30

(cm)
Wood

dry (kg)
Fruit

fresh (kg)
Leaves

dry (kg)
1 0.048 0.048 0.020 26 132.9 3.853 1.911
2 0.257 0.122 0.052 27 145.7 4.053 2.015
3 0.690 0.211 0.092 28 159.2 4.257 2.120
4 1.391 0.310 0.138 29 173.5 4.463 2.227
5 2.396 0.419 0.189 30 188.4 4.671 2.336
6 3.736 0.535 0.244 31 204.1 4.882 2.446
7 5.438 0.659 0.303 32 220.5 5.095 2.557
8 7.529 0.788 0.366 33 237.6 5.310 2.670
9 10.03 0.924 0.431 34 255.5 5.528 2.784
10 12.97 1.065 0.500 35 274.2 5.748 2.900
11 16.35 1.210 0.572 36 293.7 5.970 3.017
12 20.21 1.361 0.646 37 314.0 6.194 3.135
13 24.57 1.516 0.723 38 335.1 6.421 3.254
14 29.43 1.675 0.802 39 357.0 6.649 3.375
15 34.81 1.837 0.883 40 379.7 6.880 3.497
16 40.74 2.004 0.967 41 403.2 7.112 3.620
17 47.22 2.175 1.053 42 427.6 7.347 3.745
18 54.28 2.349 1.141 43 452.8 7.583 3.871
19 61.92 2.526 1.231 44 478.9 7.821 3.998
20 70.16 2.706 1.322 45 505.8 8.062 4.126
21 79.01 2.890 1.416 46 533.7 8.304 4.255
22 88.50 3.077 1.512 47 562.4 8.548 4.385
23 98.62 3.267 1.609 48 592.0 8.793 4.517
24 109.4 3.459 1.708 49 622.4 9.041 4.649
25 120.8 3.654 1.809 50 653.8 9.290 4.783

† Numbers in italics are outside diameter range of the calibration data

Models:
Wood: ln Biomass = -3.083+2.436 ln Diam30, SEE=0.269, Adj. R2 = 0.986, n=29
Fruit: ln Biomass = -3.237+1.346 ln Diam30, SEE=0.633, Adj. R2 = 0.730, n=21
Leaves: ln Biomass = -4.013+1.403 ln Diam30, SEE=0.423, Adj. R2 = 0.910, n=29

Calibration data:
Data collected at Kali Ghandaki and Lete Rivers, Lete and Kunjo VDCs (cf. Fig. 1), November 2006.
Range of diameter 30 cm above ground (Diam30): 1.4 – 43.2 cm
Range of total tree height: 1.8 – 15.2 m
Range of wood biomass (dry weight): 0.179 – 528.7 kg
Range of fruit biomass (fresh weight): 0.095 – 10.26 kg
Range of leaf biomass (dry weight): 0.0342 – 5.4929 kg

Colombia. Forest Ecology and Management 
130: 17–26.

Whitesell, C. D., Miyasaka, S. C., Strand, R. F., 
Schubert, T. H. and McDuffle, K. E. 1988. 
Equations for Predicting Biomass in 2- to 
6-year-old Eucalyptus saligna in Hawaii. 
USAD Forest. Service Research Notes, PSW-
402.5.



This study has assessed patterns and consequences of park revenue sharing 
and implementation effectiveness to reduce park-people conflict in the Buffer 
Zone of Chitwan National Park. To explore programme implementation practice 
and consequences, two-thirds (n=14) of user committees were selected from 
the four management sectors.  From the sampled committees, a questionnaire 
survey was randomly taken from user groups (n=100) to collect income 
and expenditure data. The revenue disbursement trends were favoured in 
community development works (roads, community buildings and schools) than 
conflict reduction issues. Fourty-two per cent of the total budget was allocated 
to infrastructures development, which was followed by conservation and 
conflict management (35%) and education (9%). Only a small amount of the 
budget was allocated to alternative energy, construction of animal preventive 
infrastructures to control wild-animals entering farmland and settlement, and 
provisions for wildlife damage compensation schemes. A certain part of the 
revenue should be allocated to wildlife victims. Furthermore, the process of 
providing relief funds should be shortened and simplified. 

Key words: Wildlife victims, infrastructures, compensation, Buffer Zone, Nepal

Revenue distribution pattern and park-people conflict in 
Chitwan National Park, Nepal

T. Silwal 1*, B. P. Shrestha2 , B. P. Bhatta2 and B. P. Devkota1

Chitwan National Park (CNP), Nepal’s first 
protected area, conserves wide diversities 
of complex ecosystem of Churia Hills 

and flood plains. In recognition of its unique 
biological resources of outstanding universal 
value, UNESCO designated it as a World 
Heritage Site in 1984, and enlisted its Beeshazari 
Lake as Ramsar Site in 2003. It harbours the 
endangered species like top carnivores and  
mega-herbivores in their natural habitat of  
central low land Nepal (CNP Management Plan, 
1975–1979). The large predators found in the area, 
are tiger (Panthera tigris), leopard  (Panthera 
pardus), sloth bear (Melursus ursinus) and wild 
dog (Cuon alpinus) (Thapa et al., 2013). Similarly, 
the herbivores include rhinoceros (Rhinoceros 
unicornis), elephant (Elephas maximus), spotted 
deer (Axis axis), hog deer (Hyelaphus porcinus), 
barking deer (Muntiacus muntjac), sambar (Rusa 
unicolor), gaur (Bos gaurus). Among them tiger, 
elephant, rhino, sloth bear and wild boar are 
more responsible for human casualties (CNP, 
2011); elephant, rhino, wild boar and deer(s) are 
responsible for damaging crops; tiger, leopard are 
blamed to livestock depredation; and particularly 
elephant is responsible for damages of houses.  On 
the other hands, establishment of protected areas 

created direct conflict with local communities due 
to restrictions on traditional use rights on park’s 
resources to meet their basic needs of grazing, 
fuel-wood, fishing and wild vegetables (HMG/N, 
2002). Thus, human casualties, crop damage, 
livestock depredation and property damage as 
direct outcomes of wildlife moving out of parks 
are often referred to resentment by local people 
and retaliatory killing of wildlife, and ultimately 
the sources of park-people conflict (Silwal, 2003). 

The Government of Nepal (GoN) has made a bold 
decision in the fourth amendment of National 
Park and Wildlife Conservation (NPWC) Act 
1973 in 1996 by enacting legislation, which made 
provision to retain 30–50% revenue, generated by 
the respective park for community development 
and conservation purposes (HMG/N, 1996). A 
portion of the set-aside money should also be 
spent to compensate landowners for land loss on 
the park borders because of landslides and floods 
(HMG/N, 1973). Buffer Zone (BZ) programmes 
have shifted management approaches from 
resource controlled to revenue sharing to the local 
communities since 1996. The GoN has developed 
and implemented re-cycling 50% of park revenues 
for conservation and development activities,and 
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disbursed approximately 42 million US$ in CNP 
till 2010 (DNPWC, 2012). Illegal cases inside the 
park and wildlife damage compensation cases of 
communities are increasing annually (DNPWC, 
2012).

Over the past one and half decades, very few 
researches have been conducted to assess 
contribution of allocated park revenue to 
minimize park-people conflict. Some of them 
stated that increasing number of wildlife seems 
to be a growing source of resentment of local 
people towards the park (Sharma, 1991). The loss 
of human life, livestock and crop from animal 
were main source of conflict in the vicinities 
of CNP. The Buffer Zone (BZ) legal aspect has 
granted local participation, but the managerial 
structure remains largely top down (Heinen 
and Mehta, 2000). According to Agrawal et al. 
(2000), resources were exploited by elite groups. 
However, the effectiveness of the programme 
in terms of policies in line with field practices 
of revenue distribution is still questionable, and 
has not been examined. This study has tried to 
address revenue distribution patterns as stated 
in the policy guidelines, priority activities of 
the communities within the budget categories 
and barriers in existing policy implication in 
programme planning and implementing activities. 
It also describes how revenue sharing mechanism 
can minimize park people conflict, and its 

implication can be replicated in other protected 
areas of the country.

Materials and methods 

The study was conducted in the BZ of CNP in 
2010. The revenue collection and disbursement 
trend was considered for the period of the 
Fiscal Year 2061/062 (2004/05) to 2066/067 
(2009/10). The CNP is located in the central 
southern lowland of Nepal, and covers 
parts of Parsa, Makawanpur, Chitwan and 
Nawalparasi Districts with an area of 932 km2 
in tropical and sub-tropical part of the country  
(Fig. 1). 

The CNP and its BZ has been divided into 
four management sectors (Fig. 2). In order 
to have representative samples of reasonable 
size, prior information regarding the degree of  
heterogeneity, in terms of socio-economic and 
biophysical characteristics are desirable (Silwal, 
2003). This information was obtained from 
the records of the CNP and the Department 
of National Parks and Wildlife Conservation 
(DNPWC), followed by the purposive sampling 
technique for the selection of user committees 
from the lists of all four sectors (Fig. 2). 

Sectorwise list of user committees were taken 
from the official list of the park. The sectorwise 
respective user committees are: i) Sauraha Sector: 

Fig. 1: Chitwan National Park and its Buffer Zone (DNPWC, 2006)
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Lothar, Khagendramalli, Budhi Rapti, Mrigakunj 
and Barandabhar; ii) Kashara Sector: Meghauli, 
Kerunga, Patihani and Kalabanzar; iii) Madi-
Bagai Sector: Panchpandav, Ayodhyapuri and 
Nirmal-Thori; iv) Amaltari Sector: Sikhrauli, 
Lamichaur, Sisawar, Amaltari, Nanda-Bhauju, 
Daunne, Gosaibaba and Triveni. From the 
official list of 21 User Committees (UCs), 14 
were randomly selected for sample committees 
for the questionnaire survey. The selected 
committees were Siswar, Amaltari, Nandabhauju, 
Kagendramalli, Lothar, Budhirapti, Mrigakunj, 
Barandabhar, Kerunga, Patihani, Panchpandav, 
Ayodhyapuri, Nirmal-Thori and Rewa.  

Finally, 100 user groups were randomly selected 
from those 14 (66%) sample committees for 
questionnaire survey. The organizational set-up 
has been designated for programme planning 
and resource disbursement as shown in figure 3. 
More or less, bottom-up programme planning and 
top-down resource mobilization approaches have 
been adopted in the practices.  

Executive members of the UCs and User Groups, 
Park and Buffer Zone Management Committee 
(BZMC) staff, the key informants were asked 
about the implementation of practices and 
policies. PRA tools (key informant interviews, 
time lines, group-discussions) were conducted 
for obtaining information of programme planning 
and resource distribution practices. Semi-
structured questionnaire was administered to 

collect particular data relevant to fund allocation 
and performed activities at community-level. The 
study was focused to capture needs and concerns 
of the key stakeholders like park authority, 
Community-based Organizations (CBOs), 
BZMC, local leaders and planners.

Fig. 3: Organizational structure for BZMC 
(adopted from HMG/N, 1999)

Results and discussion

Policies and processes 

Under the BZ provision, respective user 
committees have been allocating BZ budget 
as per their community requirements and the 
programme’s norms. After the declaration of 
the buffer-zone, the communities have been 
receiving funds since 1996. The Park has been 
generating about 70 million rupees per annum. 
Out of the total budget generated by the Park, 
BZ programmes has received 50 per cent since 
1997. Figure 4 illustrates park revenue and 
budget released from the Ministry of Finance for 

Fig. 2: Management Sectors of Chitwan National Park and its Buffer Zone (CNP, 2010)

Silwal et al.



Banko Janakari, Vol. 23, No. 1

38

the Fiscal Years 2061/062 (2004/05) to 2066/067 
(2009/10). 

Fig. 4: Park revenue vs. BZ-released budget 
(NRs ‘000) (1USD = NRs. 70.00)

The main source of the park revenue is visitors’ 
fee. During the insurgency period, the number 
of visitors decreased, and the revenue from the 
park also decreased till the Fiscal Year 2063/64 
(2006/07). Afterwards, it has gradually increased. 
It is obvious that the major conflicting issues 
from the park establishment are restriction on 
traditional use rights for forest resources and 
wildlife damages. After 50% budget allocation to 
the communities, it is also expected  to address 
those conflicting issues. Figure 5 illustrates 
comparisons between Government’s criteria for 
investing received budget based on five major 
headings (HMG/N, 1999) and resource allocation 
by activities at field-level.

Fig. 5: Guideline’s provision vs. budget 
disbursements by activities

There are differences among the criteria to 
investment in community development works 
among different user groups. Ninety per cent of 
the committees had used their 42% investments in 
public infrastructures (village roads, community 
houses, and schools) instead of 30% as provisioned 
by BZ Rule. These are popular development 
activities rather than directly related with wildlife 
issues. Such development activities neither 
provide individual relief to the wildlife victims 
nor reduce conflicting issues. Nevertheless, 35% 
of the budget was allocated for wildlife damage 
compensation, conservation and anti-poaching 
programmes. Similarly, budget was not allocated 
for income generating activities (IGAs) and 
capacity building programmes as provisioned 

by BZ guidelines, giving less priority to the poor 
households who are directly dependent on the 
park resources for subsistence daily livelihoods. 
This is one of the most conflicting issues between 
park and forest dwellers. The budget allocation 
was only 7% for this sector. Thus, the activities 
should be focused on conflicting issues rather 
than popular development works. 

Community development activities

The BZ programme has supported to develop 
common and household level physical capitals. 
From the group discussion and questionaire 
survey with CBOs, it was reported that 42% 
budget of the total expenditure had been allocated 
for community development activities. Within 

community development activities, highest 
investment (31%) was in roads followed by 
schools, community buildings, checkdams, 
health posts, irrigation and electricity (Fig. 6). BZ 
Guideline has the provision of allocating  30% 
of the total budget for productive community 
development works. The expenditure ceiling has 
exceeded by 12% and only 2% for productive 
irrigation works in practice. Similar study 
conducted by Pokharel (2008) in Community 
Forestry (CF) reported that most of the income 
from CF were found to have gone to community 
developments while the beneficiaries were 
found to be non-poor. Another similar study in 
CF conducted by Chhetri et al. (2011) shows 
75.1% of all public services and infrastructures 
have been financed by the high-income quartile 
user groups. Out of those activities, poors are 
getting benefits from public services like roads, 
schools and health posts. Silwal (2003) reported 
that there were no representation of poor, women 
and marginal communities to raise their voices at 

Silwal et al.
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higher-level of resource distribution committees. 
This could be a reason to allocate small portion 
of the budget for victim’s choice. The continuing 
exclusion of women and disadvantage groups 
from governance and mainstream development 
is reflected in their low-level of achievements 
(UNDP, 2002). The effectiveness of the 
programme in terms of policies is in line with 
field practices of revenue distribution leaving 
enough space for improvements. 

Wildlife damages and relief fund

The cases filed in the Park Office for compensation 
seems to be regular process for each year. There 
were 17 human deaths and 40 severely injured 
registered cases in a single year of 2009 (Table 
1). Rhino was found to be responsible for highest 
casualties (10 deaths and 17 injures) followed by 
tiger and leopard.

Similarly, 13 persons were killed and 20 persons 
sustained injured from wild animals in and around 
the CNP in 2012 (CNP, 2012). Out of the 13 killed 
persons, 6 were killed by tiger, 3 by rhino, 2 by 
elephant, 1 by bear and 1 by wild boar. Likewise, 
10 persons and 2 persons were killed by elephant 
and rhino respectively in 2011 (CNP, 2011). 
Hence, the human casualties from rhino have 
reduced in later years, only 2 of 13 (CNP, 2011) 
whereas, the human casualties from elephant 
have increased by 80% in 2067/68 (2010/11) 
(CNP, 2012). According to Paudel (2012), there 
were 3 to 10 human casualties and 213 livestock 
(including 113 goats) predated by tiger during the 
period of January 2008 to October 2012.

Since 2066 (2009/10), the government has 
been providing relief amount only for human 
casualties;maximum of NRs. 50,000 for 
injury and NRs. 150,000 for death. The relief 
practices were adopted from BZ programmes 
including livestock damages whereas livestock 
compensation scheme was stopped after 
promulgation of the Relief Guideline 2066 [GoN, 
2066 (2009/10)]. The wildlife victims have bitter 
experience for getting relief fund even though 
there is a provision in the Relief Guideline 2066 
(2009/10). The procedure for obtaining relief fund 
is lengthy and requires more paper works. The 
compensation amount provided for human death 
should be consistent with other compensation 
policies of the Government (Poudel, 2012). In the 
case of livestock damages, compensation should 
be placed as per market value. So, there is a need 
to  revise  the provision of certain percentage 
of park revenue for wildlife victims at field-
level. This provision could be helpful to provide 
immediate rescue/relief to the victims and build 
better relationship between park and people than 
the existing situation.   

Sharma (1991) stressed that the park laws should 
be specific regarding the compensation for 
wildlife damages. During the fieldwork, it was 
observed that the Relief Guideline 2066 (2009/10) 
has addressed loss of human life and injuries, 
livestock, crops and property damages whereas 
there was no regular source of funds addressed 
in the government policy and programmes. The 
wildlife victims are more victimized physically, 
mentally and financially for getting nominal relief 
amounts. The allocated relief amount is also 

Table 1. Human casualties, livestock, loss of livestock and property damages in the CNP in 2009

Responsible animals Human deaths Human injuries
Tiger 6 4
Rhino 10 17
Leopard — 7
Wild boar — 5
Bear – 6
Elephant 1 1
Total 17 40
Loss of livestock and properties 

Cattle 24 Buffalo 7 Goats 152
Pig 14 Ducks/chicken 15 House damage 34

Source: Park Office, 2010.
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nominal, and at the same time is not clearly stated 
for crop and property damages. Meanwhile, 
the Government has recently promulgated the 
Revised Guideline 2069 (2012/13) which tries 
to make more clear for some issues (Box 1). 
The Revised Relief Guideline 2069 (2012/13) 
has made a provision of a fund, at the Park, 
where immediate relief could be provided and 
reimbursed from the Ministry of Finance through 
DNPWC.

Conclusion

The BZ programmes have been promoting 
community developments at local-level. Most of 
the budget allocation trends are favourable for 
infrastructures (roads, community buildings and 
schools) followed by conservation and education. 
The study showed that the small amount of budget 
had been allocated to introduce alternative energy, 
animal preventive infrastructures and provisions 
for wildlife damage compensation schemes. The 
provision of the wildlife damage relief is not 
applied except to human casualties. The Revised 
Guideline 2069 (2012/13) is on implementation 
process for shortening earlier practical difficulties. 
The BZ related Act, Regulation, and Guideline 
need to be revised in consultation with the 
stakeholders in line with priority given to address 
conflicting issues (wildlife damages) rather than 
development works. 
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The research examines the value of ecosystem services in Baghmara Buffer Zone 
Community Forest of Nepal determining willingness of local users and tourists 
for sustainable management and conservation of natural resources as well as 
recreational and aesthetic services, during September of 2010. The contingent 
valuation survey was administered to 95 users and 100 tourists. For users, the 
distance to forest, family size, nature of residence, gender and size of land holding 
seem to be the prominent factors that affected upon their willingness to pay. The 
projected average willingness to pay by all users for recreational and aesthetic 
services was NRs. 33,347 (about US$ 460) per year. The tourists were divided 
into domestic and international to elicit willingness to pay for ecosystem services. 
The responses were found varied according to the nature of tourists. For domestic 
tourists, income was only factor that affected their willingness to pay, but for 
international tourists along with income, gender, travel group and education were 
major determinants of willingness to pay. The average projected willingness to 
pay by all tourists was US$ 3,806,468 per year.The research highlights that the 
conservation area systems in Nepal has a high potential to generate additional 
resources against ecosystem services provided additional services to the tourists 
and a mechanism to tap such contribution.

Key words: Ecosystem services, payment for ecosystem services,willingness to  
          pay, Nepal

Economic valuation of ecosystem services in protected 
areas: A case study from Nepal

B. KC1 , P. N. Kandel2 and S. Adhikari3

Ecosystem provides a wide range of goods 
and services to human-being which range 
from the relatively simple, such as reliable 

flow of clean water to complex such as carbon 
sequestration. Ultimately the human life depends 
on ecosystem services (ES) for fundamental 
necessities such as clean air, clean water and 
food production. Thus, ES are the provision of 
natural resources and healthy ecological systems 
that produce environmentally and economically 
valuable goods and services (Warner, 2008). 
According to Millennium Ecosystem Assessment 
(MEA, 2005), the ES are ‘the benefits that people 
obtain from ecosystems’. The MEA further 
classifies them into provisioning, regulating, 
supporting and cultural services.

The benefits that the human-beings are receiving 
depend on the flow of ES and are non-existence, 
if these services stop to flow (Maskey, 2008). 
At present, however, many of these services 
provided by ecosystem are either undervalued 
or have no financial value due to lack of 
economic valuation practices at all. According to  

Costanza et al. (1997), the ES are worth many 
trillions of dollars annually, yet most of these 
benefits carry no price-tag that could help alert 
societies to change in their supply or deterioration 
of the ecosystems that generate them. The missing 
market for ES adds to the problem, because most 
of the vulnerable segments of society, primarily 
in developing countries, depend upon those 
services directly or indirectly for their livelihoods. 
Therefore, any decision proves to be inefficient 
and infeasible from a social perspective, causing 
problems for sustainability and human well-being 
(Costanza et al., 1997). The MEA, 2005 reported 
that 60 to 70% of the ecosystem services are 
deteriorating faster than they can recover such 
as the forest provides bundles of ES, and there 
exists a different level of beneficiaries of these 
services. These unique features of most of the 
services, although acknowledged by people, are 
unaccounted, un-priced and, therefore, remain 
outside the domain of the market (Kumar, 2005). 
Hence, quantification and monitoring the flows of 
ES is important for their valuation.

1  Hariyo Ban Programme, CARE Nepal, E-mail: bhawanakc@gmail.com
2  FRA Nepal Project, Babarmahal, Kathmandu
3  CSUWN, Babarmahal, Kathmandu
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Protected Areas (PAs) are commonly established 
to conserve biodiversity, protect ecosystems 
and maintain ecological processes; many PAs 
are also expected to contribute to sustainable 
development and poverty reduction (Neto, 
2003; Scherl et al., 2004; Rogerson, 2006). 
Numerous PAs throughout the world, however, 
are not financially self-sufficient; as a result, 
they are unable to meet either conservation or 
development objectives (IUCN, 2005). A number 
of potential mechanisms have been identified for 
enhancing the financial sustainability of PAs in 
which one of them could be the PES (Emerton et 
al., 2006)  and also a  tool to academics, policy 
makers and programme implementers to bring 
win-win approach for reducing poverty and 
ecosystem degradation (Pattanayak et al., 2010). 
Payments for Ecosystem Services (PES) have 
become a vital mechanism to translate external, 
non-market values of the environment into real 
financial incentives for the local actors to provide 
ecosystem services (Engel et al., 2008). The 
concept of PES relies on the assumption that 
assigning economic value to ecosystem services 
and exchanging them under a market system 
can produce efficient environmental outcomes 
(Engel et al., 2008; Pagiola et al., 2002; Wunder, 
2005). The Quebec declaration has emphasized 
that ecotourism can be a valuable means for 
promoting the socio-economic development of 
host communities while generating resources for 
the preservation of natural and cultural assets. 
Further, it helps to protect the ecologically fragile 
areas, and even rehabilitate natural capital with 
the financial returns of ecotourism activities and, 
thus, contribute to the preservation of biological 
diversity and ecological balance (Collins, 1999; 
Gossling, 1999; Neto, 2003). Furthermore, 
various attempts were made in national and 
international regimes to gather the support for 
biodiversity conservation. Community based 
PES is a logical approach to ensure service 
provision and incentive to local mangers and to 
contribute to address both development objective 
and build management capacity at community-
level, where communities have control over the 
quality or quantity of environmental services 
(Sommerville et al., 2010). From the PES, 
especially in developing countries, the poor 
households (HHs) and communities have very 
much potential to gain benefit as they have 
control on environmental services (Milder et al., 
2010).  Similarly, this mechanism also seems to 
have greater scope in developing countries like 

Nepal where the state’s fund is inadequate and 
the poverty and conservation issues are to be 
addressed together (Karna, 2008). But, due to 
lack of economic valuation of ecosystem services, 
it is very difficult to establish a benefit sharing 
mechanism. 

PAs have to generate their own fund for 
sustainable conservation and development 
in the developing countries like Nepal. So, 
tourism can be a source with the potentiality of 
balancing both conservation and development. 
In Nepal, meager research has been carried out 
on tourism. Therefore, there is a gap to explore 
the opportunities of tourism instead of being 
playing inevitable role in the livelihoods of the 
local communities of the nation. Similarly, the 
valuation of ecosystem services is least studied 
and not in practice. Thus, for the sustainable 
and rational use of biodiversity and sustainable 
development, for creation of awareness, and 
to provide compensation to environmental 
service provider, further research, analysis and 
field practice must be conducted to explore the 
economic value of ecosystem services. In this 
regard, this article tries to explore the economic 
valuation of the ecosystem services in Baghmara 
Buffer Zone Community Forest (BBZCF) 
through determining Willingness to Pay (WTP) 
for sustainable management and conservation of 
natural resources and recreational and aesthetic 
services by users and tourists respectively.   

Materials and methods
Study area

This study was conducted in Baghmara Buffer 
Zone Community Forest of Chitwan National 
Park (CNP) in September 2010. It lies in 
Bachhauli Village Development Committee 
(VDC) of Chitwan District, Nepal. It is located in 
subtropical region of lowland of Nepal between 
27o14’ N to 27o42’ N latitudes and 83o50’ E to 
84o45’ E longitudes. The climate of study area 
is sub-tropical monsoon type with relatively 
high humidity at an elevation of 200 to 250 m 
above sea level. Monsoon rain prevails from late 
June to September and amount of annual rainfall 
ranges from 14.04 mm to 602.2 mm (Tamrakar, 
2002). Heavy flooding occurs during monsoon.
The average daily maximum temperature of the 
area in hot summer days is about 36.8oC. Spring 
starts from March and is immediately followed 
by summer and that ends in June (Pant, 2003). 
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The maximum temperature is about 7.8oC in cool 
dry winter season which occurs from October to 
February. The buffer zone of CNP was handed as 
BBZCF in 15 June, 1995. The users of BBZCF are 
disbursed in 4 wards namely Badhrani, Malpur, 
Padaria and Sauraha. The BBZCF was selected to 
conduct this study due to the following reasons: i) 
critical to prove the relationship between ES and 
the users/tourists; ii) rich in biodiversity in spite 
of having small area; and iii) accessibility. Out of 
the total area, 133 ha is covered with forest, 67 
ha grassland, and the rest 15 ha wetland (BBZCF 
Operational Plan, 2003–2007). This is a secondary 
riverian forest rich in biodiversity with certainty 
of viewing one-horned Asian rhinos, varieties of 
deer and beautiful birds. In addition to this, its 
relatively easy access makes it one of the popular 
destinations visiting the CNP (Singh and Sharma, 
2008). Though it claims to be a small area, it is a 
good combination of grazing land, wetland and 
mixture of bushes and trees for hiding places 
providing an excellent habitat for wildlife (Singh 
and Sharma, 2008). As a result, it has reduced 
the pressure of tourists in the CNP, and extended 
habitat for wildlife outside the National Park. 

The research followed a mixed-method approach 
which was based on pragmatism paradigms which 
enhances the validity of the research findings by 
using complementary qualitative and quantitative 
methods, and enabling triangulation of data from 
the two methods (Johnson et al., 2007; McMurray 
et al., 2004; Tashakkori and Teddle, 2003). The 
approach also bridged the gap between the scales 
of social realities, as qualitative methods often 
explore behavioral aspects of social life at a 
micro-level, while quantitative methods enabled 
investigation of social perspectives at a macro-
level (Bryman, 2006). 

Contingent valuation

This study applied Contingent Valuation Method 
(CVM), a form of “Stated Preference Method” 
to identify these: i) willingness to pay and ii) 
quantify and convert services into the monitory 
value. The Contingent Valuation (CV) is a 
standardized and widely used survey method for 
estimating WTP or Willingness to Accept (WTA) 
compensation for use, existence and bequest 
values for resources (Loomis, 1996). The fact 
that CVM is based on asking what people say 
they would do (stated) as opposed to what people 
are observed to do (revealed) is the source of its 

greatest strength as well as its greatest weakness 
(IIED, 2003). 

A two-fold survey was conducted; one with 
the users and another with the visitors. Detail 
information on independent variables for user and 
tourists are presented in table 1 and 2 respectively. 
During the survey, a bid amounts were posed to 
both the users and the visitors to elicit the WTP. 
As part of quantitative method, questionnaire 
survey was administered to 100 tourists (returned 
rate 70%) and 95 local user group members. The 
visitors used self administered process to fill the 
questionnaire, and returned to the researcher while 
a face to face survey was conducted to administer 
the questionnaire for the local users. The survey 
was conducted with the users to know WTP for 
the sustainable use and management of BBZCF 
as their conservation efforts with factors affecting 
their WTP while the visitors to know their WTP 
for the recreational and aesthetic services and 
factors affecting their WTP. Likewise, 4 events of 
focused group discussions (FGD) were conducted 
as part of qualitative and in-depth group interview. 

Sampling

The local people of four wards namely Badhrani, 
Sauraha, Malpur and Padaria were concerned 
with BBZCF.  So, the total users were stratified 
into four wards. A number of local user groups 
were selected according to the weightage of 
population in each ward (i.e. Wards with large-size 
contained large number of HHs and vice versa). 
Out of the total HHs within each ward, 10% were 
selected randomly from each ward stratum. Thus, 
Stratified random sampling was applied to select 
interviewees among the local users. In case of 
tourists, respondents were purposively selected 
those who visited BBZCF.

Multiple linear regression model

The following multiple linear regression model 
was developed to find out the relationship 
between the WTP and the factors affecting the 
WTP for both the users and the visitors (Baral et 
al., 2008;  Khanal et al., 2010).

WTP = β0 + β1X1 + β2X2 + β3X3 + .................+βnXn  
 + error,

where, WTP is willingness to pay by the visitors 
for the experience they had from the aesthetic 
and recreational services of the BBZCF and by 
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the users for the sustainable management and 
conservation of the BBZCF (dependent variable); 
β0 to βn are parameters to be estimated; and X1 to 
Xn are explanatory variables influencing WTP. 

For users, Probability (WTP) = β0 + β1distance + 
β2 family size + β3 gender +β4 landholding + β5 
occupation + β6 residence + error

For visitors, Probability (WTP) = β0 + β1 gender 
+ β2 age + β3 education +β4 environmental 
membership + β5 income + β6 guide residence + 
β7 travel size + β8 travel group + error

Results and discussion 
WTP by users

Out of total users, 16% were willing to pay  
NRs. 5.05(US$ 0.07) and less per HH per month, 

50% in the range of NRs. 5.08 – NRs. 50.14 (US$ 
0.07 -0.69) per HH per month, 13% were in range 
of NRs. 43.3 – NRs. 100.28 per HH per month 
(US$ 0.69–1.38) and remaining 21% were willing 
to pay more than NRs. 100.28 (US$ 1.38)per HH 
per month. The mean WTP was NRs. 2.91 (US$ 
0.04) per HH per month. According to the records 
of the BBZCF, the total number of HHs was 956. 
Therefore, the projected average WTP by all the 
users would be NRs. 2778.9 (US$ 38.24) per HH 
per month and NRs. 33346.81 (US$ 458.88) per 
HH per year.

Factors affecting WTP by users

The table 3 shows the results of multiple 
regressions on WTP by the users for their 
efforts towards sustainable management and 
conservation of the forest resources. The results 

Table 1: Definition and description of the independent variables for users

Independent variable Description Variable type

Distance HHs distance from the BBZCF (in meter) Continuous
Family size Number of member in HHs Continuous
Gender Respondent sex (0=male and 1=female) Binary

Land holding Land holding size owned by a HH (Katha) 
(1 katha = 0.007 Hectare) Continuous

Occupation Main income source of HH (0 = agriculture 
and 1=other than agriculture) Binary

Residence Permanent residence (0=yes and 1=No) Binary

Table 2: Definition and description of the independent variables used for tourists

Variable name Description Variable type
Gender Respondent sex (0=male and 1=female) Binary

Age Respondent age in years (below 25=0 and 
others=1) Ordered

Education Education level (0= high school and 1= others 
than high school) Binary

Environmental 
membership

Member of environment organization (yes=0 
and no=1) Binary

Guide Hire a guide (yes =0 and no=1) Binary

Travel group Nature of group (0=Alone, Family=2, 
Friends=3, Friends and Family 4) Continuous

Travel size No of people in a travel group Continuous
Income Income of respondent Ordered
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of a multiple regression show that land holding 
and family size were significant (p≤0.01) with 
positive regression coefficient. That means the 
WTP increases with increase in land holding size 
and family size. The same result was obtained 
through focus group discussion. Similarly, the 
distance and residence were significant (p≤0.01) 
with negative regression coefficient. The negative 
regression coefficient of distance indicates that 
WTP decreases as the distance from the forest 
increases. Likewise, the users with old residences 
(with negative coefficients) were found to be 
more willing to pay as compared to the recently 
migrated ones. However, the positive coefficient 
in gender indicates that the females are more 
willing to pay as compared to the males (53 out 
of the 95 surveyed were male).

Table 3: Results of the multiple regression 
model on WTP for sustainable management 
and conservation from user’s perspective

Variables Coefficient Std. Error Z-value

Constant 1.390 .246 5.663

Distance* -0.00007 .000 -4.231

Family size* .209 .039 5.293

Gender** .461 .190 2.427

Land holding* .011 .003 3.144

Occupation*** .086 .048 1.769

Residence* -.666 .219 -3.048

* significant at 10% level
** significant at 5% level
*** significant at 1% level

Willingness to pay by tourists for ecosystem 
services

The tourists visiting the BBZCF were divided into 
three groups 1) Nepali 2) tourists from SAARC 
countries except Nepal and, 3) tourists from other 
countries. The average WTP per tourist per visit 
on the basis of different zones (1, 2 and 3) for 
recreational and aesthetic services were US$ 52, 
96 and 104 respectively. The average number 
of tourists on the basis of different zones (1, 2 
and 3) from the records (Fiscal Years: 2003/04 – 
2008/09) of BBZCF Office were 8,237, 4,518 and 
28,487 respectively. So, the projected average 
WTP on the basis of different zones (1, 2 and 3) 
would be US$ 425,194, US$ 432,870 and US$ 
2,948,405 respectively per tourist per visit per 

year. Therefore, the total projected WTP by all 
tourists was found to be $ 3,806,468 per year.

Factors affecting WTP by tourists

While doing the regression analysis of various 
independent factors on WTP for the recreational 
and aesthetic services, the tourists were divided 
into two groups viz. domestic and international.

The table 4 shows only the results of multiple 
regression of domestic tourists only. The income 
was significant (p≤0.05) with positive regression 
coefficient, suggesting that WTP increases with 
the increase in the level of income. The guide 
and member of environmental organization was 
not significant; however; the negative coefficient 
suggests that respondents who had hired a 
guide and were members of any environment 
organization were more willing to pay than those 
who had not hired a guide and were not members 
of any environmental organization. The negative 
sign of travel size indicates that higher the travel 
group, the lower the probability of WTP.
Table 4: Results of the multiple regression 
model of domestic tourists on WTP (NRs.)  
[1 US$= NRs. 72.67]

Variables Coefficient Std. Error t-value

Constant 4352.483 2295.736 1.896

Gender -662.451 909.692 -.728

Age 66.019 225.754 .292

Travel size -29.986 80.408 -.373

Travel group -517.514 420.109 -1.232

Education 89.683 321.520 .279

Environmental 
membership -994.054 799.573 -1.243

Income ** 718.602 280.048 2.566

Guide -775.182 832.943 -.931

** significant at 5% level

The table 5 indicates the results of multiple 
regression model of international tourists. In 
terms of individual significance of the explanatory 
variables, the education and income were 
significant (p≤0.01) with a positive regression 
coefficient, suggesting that higher the income and 
education, the higher the probability of selecting 
bigger bid amount. Similarly, the gender and 
travel group were also significant  (p≤0.01) with 
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the positive sign, indicating that females were 
more WTP than males and the visitors who were 
with their family or with friends and family were 
more willing to pay as compared to solitary 
visitors. The negative regression coefficient on 
guide suggests that the tourists who had hired 
guide were more willing to pay than the tourists 
who had not.

Table 5: Results of the multiple regression model 
of international tourists on WTP ($)

Variables Coefficient Std. Error Z-value

Constant 21.655 11.264 1.923

Gender* 18.073 5.796 3.118

Age 2.423 1.487 1.629

Education* 11.874 1.973 6.017

Environmental 
membership** -18.373 7.721 -2.380

Income * 11.269 1.732 6.507

Guide -8.134 5.551 -1.465

Travel size -.797 .847 -.941

Travel group* 4.388 1.612 2.722

* significant at 10% level
** significant at 5% level

Discussion

The total WTP for the sustainable management 
and conservation of BBZCF by users was 
calculated as US$ 459 per HH per year. However, 
in a similar research conducted by Chand 
(2010) in Ghodhaghodi wetland of Far-western 
Nepal, the maximum WTP for sustainable use 
and management was US$ 31,453 per year. 
Though the BBZCF constitutes the greater area 
in comparison to Ghodhaghodi wetland, the 
value of WTP calculated for BBZCF is low. The 
survey revealed that people from the BBZCF 
who had diversified livelihood options in addition 
to subsistence farming were also willing to 
contribute voluntarily although they had capacity 
to contribute higher amounts. One of the reasons 
for this may be due to the negative impacts of 
wildlife on crop damages and human casualties. 
Except in Gyaneswor CF, the WTP value 
calculated in three CFs was found to be lower 
than in BBZCF. In addition to the lower income 
of the households, another reason of low WTP by 
the user group members of the CFs may be due to 

their inadequate awareness and knowledge about 
various services of community forests. The higher 
value of WTP in BBZCF might be due to the fact 
that the users of the BBZCF were getting better 
benefits owing to high movement of tourists and 
diversified livelihoods options in the former one. 

The study revealed that the local respondents were 
willing to pay for the sustainable use, management 
and conservation of the BBZCF. The result of 
multiple regression shows that WTP decreases as 
per the decreased proximity of user group HHs 
from the buffer zone forest. This indicates that 
the users who are living near the forests are more 
willing to pay as compared to the ones living far.  
This may be due to the higher level of benefits 
to the HHs living close to the forests because of 
tourist flow and other benefits. This shows that 
the buffer zone community forest user committee 
should emphasize to distribute the benefits among 
all users equitably. In terms of gender, women 
were more willing to pay as compared to men. 
This may be because women have to spend more 
time in domestic chores such as collecting grass, 
firewood, fodder, bedding materials etc. which 
they get from the BBZCF. In addition, they can be 
benefited from the management of BBZCF. So, 
the policy makers and other stakeholders should 
consider bringing the women in the frontline of 
the BZ management programme. Surprisingly, 
HHs with more members was more willing to 
pay. This may be due to the dependency of larger 
families over the forest was high in comparison 
to the HHs with smaller family size. Similarly, 
the people having larger farms were more willing 
to pay as they had relatively higher per capita 
income as compared to the users having smaller 
ones. The residents who were living in the same 
locality for a longer period had higher willingness 
to pay than the new migrants as the older residents 
were already receiving various services and 
benefits from the BBZCF.  

The total projected WTP for the recreational and 
aesthetic services provided by BBZCF by all 
tourists was US$ 3,806,468 per year. Rana (2004) 
estimated the opportunity cost of establishing the 
CNP. The net direct use value of the park was 
equal to US$ 9.4 million annually. On the basis 
of the unit values of watershed function, carbon 
sequestration, and biodiversity from a study 
conducted by Verma (2000) in Himachal Pradesh 
(India), the total environmental value of the CNP 
was estimated to be US$ 1.06 billion annually. 
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The income level of both domestic and international 
visitors had a significant association with WTP as 
visitors with high income had higher WTP for 
recreational and aesthetic values. The visitors 
who were accompanied by the local guides were 
found to be willing to pay more than those without 
the local guides. As reported, the guided tourists 
had better orientation and exposure to various 
tourist attractions and destinations. In comparison 
to the domestic tourists, the international tourists 
had high income-level, higher education and 
better value to recreational services. Similarly, 
the tourists who were accompanied by their 
families and friends had higher level of WTP. 
The tourists who had higher WTP were based 
on their recreation during elephant riding, jungle 
walk, bird watching, staying in the machans 
(watching tower) and canoeing. Therefore, the 
protected area manager should try to maintain 
the quality of the recreational benefits and 
sustainable natural resource management. 
However, according to Baral et al. (2008), the 
most visitors were found to be willing to pay an 
entry fee considerably higher than the current fee 
of US$ 27 in Annapurna conservation area. The 
mean and median WTP were US$ 69 and US$ 
74 respectively. The larger visitors’ groups, use 
of guides, and their satisfaction seemed to have 
most positive influences on their willingness to 
pay for higher entry fees.

Conclusion

This study shows that the users and the visitors 
of the BBZCF have shown their willingness to 
pay for recreational and aesthetic services as 
there are good conservation efforts within the 
area. The study has revealed that females were 
more willing to pay as compared to the males, 
which indicates that females can be benefited 
more from management of the BBZCF. So, the 
policy makers and other stakeholders should 
consider bringing females in the frontline of the 
BZ management program. The willingness to pay 
by tourists suggests that there is a possibility of 
generating extra income with the development of 
appropriate payment mechanism and equitable 
benefit sharing for better resource management, 
to enhance the quality of recreational benefits and 
for community welfare. Though there are different 
types of ecosystem services, this research only 
takes into account of recreational and aesthetic 
services. The study suggests that there is high 
potentiality to generate extra fund for financial 

sustainability in protected areas of Nepal. 
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This ethnomycological investigation explores the wild edible microfungi with their 
identification and documentation of nutritional potential and indigenous knowledge. 
The study area occupies 154.75 hectare-land, and lies within a narrow limit of 
altitude between 110 m and 165 m above sea level in tropical deciduous riverine 
forest. Amanita caesarea, A. chepangiana, A. pantherina, Agaricus augustus, 
Coprinus comatus, C. plicatilis, Macrolepiota fuliginosa, M. rhacodes, Russula 
emetica, R. foetens, R. nigricans, Scleroderma bovista, S.  citrinum, Termitomyces 
clypeatus and T. eurhizeus are found to be dominant. The collected samples 
represented 27 species of Basidiomycetes belonging to 6 orders, 13 families and 
18 genera. The dried specimens are housed in the Tribhuvan University Central 
Herbarium, Kirtipur, Kathmandu, Nepal. The area embraces many mycophagous 
ethnic communities. The mycoelements prevailing in this area need sustainable 
conservation and utilization.

Key words: Basidiomycetes, macrofungi, mushroom diversity, indigenous,  
              mushrooms

Ethnomycological studies on some macro-fungi in  
Rupandehi District, Nepal                       

H. P. Aryal 1 and U. Budathoki 2

Nepal is considered as the homeland for 
the mushroom floral diversity (Aryal et 
al., 2012). So far, 812 mushroom species 

have been identified (Adhikari, 2009). Out of 
them 228 edible (Christensen et al., 2008), 66 
poisonous (Pandey, 2008; Adhikari, 2009) and 
75 medicinal species (Adhikari, 2009) have been 
reported. 

The investigation and study on mushroom of  
Nepal started since 19th century (Lloyd, 1808; 
Berkeley, 1838). Since then, several papers have 
been published and several botanical investigations 
have been done. Among these, very few reveal 
the studies and investigation on macrofungi from 
western Nepal. This is a preliminary report on 
ethnomycological investigation carried out at 
Baunnakoti Community Forest in Rupandehi 
District. The area has not been previously 
investigated so far.

This paper highlights the indigenous knowledge 
of the wild edible mushrooms in the district. 
Presently, 27 species of the Basidiomycetes 
belonging to 6 orders, 13 families and 18 genera 
have been reported from Baunnakoti Community 
Forest, situated in the tropical climate. 

Materials and methods

Study area                                                      

The study area lies in Rupandehi District of 
Lumbini Zone, and partial parts of Chiliya, 
Madhauliya, Padsari and Tikuligadh Village 
Development Committees (VDCs) in the 
Western Terai of Nepal (Fig. 1). The total human 
population of the study area was 32,256 (DDC, 
2007) with 5,531 households (DFO, 2012). 
The forest vegetation is dominated by species 
of the Dipterocarpaceae, Combretaceae and 
Leguminosae families. The forest covered area 
of Chiliya VDC is 96.85 ha (10.45%), followed 
by Tikuligadh 46.1 (2.16%), Padsari 9.9 ha 
(1.02%) and Madhauliya 1.9 ha (0.15%). This 
study included 2.95% of forested land (DFO, 
2012), and lies between 27.5421o – 27.5623o N 
latitudes and 83.40611o – 83.47643o E longitudes. 
The altitudinal range varies from 110 m –165 m 
above sea level. The average annual rainfall is 
1,391 mm (GoN, 2010).

1 Paklihawa Campus, Bhairahawa,  Institute of Agriculture and Animal Science, Tribhuvan  University, Kathmandu, Nepal. 
   E-mail: hahariprasadaryal06@gmail.com
2 Central Department of Botany, Tribhuvan University, Kathmandu, Nepal.
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Fig. 1 : Map of the study area

The area lies in tropical zone embracing different 
types of vegetation and soil composition. The 
tropical riverine belt is composed of khair (Acacia 
catechu), karma (Adina cordifolia), banjhi 
(Anogeissus latifolia), simal (Bombax ceiba), 
satisal (Dalbergia latifolia), sissoo (Dalbergia 
sissoo), Sindure (Mallotus philippinensis), kandel 
(Phoenix sylvestris), sal (Shorea robusta), kusum 
(Schleichera oleosa), jamun (Syzygium cumini), 
sagwan (Tectona grandis), saj/asana (Terminalia 
alata) and barro (T. bellirica) etc. (Stainton, 1972; 
Shrestha, 1998). The diverse phytodiversity 
and ecological conditions provide a good 
homeland for the growth of tremendous parasitic, 
saprophytic and mycorrhizal fungi (Aryal and 
Budathoki, 2012). The northern belt of the area is 
composed of loamy sand, while the southern belt 
consists of sandy loam to loamy soil. 

Materials and methods
Altogether, 27 mushroom samples were collected, 
and the local informants were interviewed. 
Indigenous knowledge survey was conducted 
from 15 to 31 May 2010, and specimens were 
collected from 1 June to 31 October 2011. The 
Participatory Rural Appraisal (PRA) technique 
was adopted with the local people aimed at getting 
information largely on nutritional aspects. Data 
were obtained using combined semi-structured 
questionnaire, participatory discussions and field 
observations. 

Mushroom samples were photographed in 
their natural habitat, and their morphological 
characters were noted. The samples were well 
dried and packed in wax paper bags with proper 
tag numbers. The habitat including ecological 
parameters viz. altitude, vegetation composition, 
soil type, soil pH, soil moisture, humidity, and 
temperature were recorded. The paper bags were 
brought to the Central Department of Botany, 
Tribhuvan University for further microscopic 
examination. 

The identification was done with the help of 
relevant literatures (Bakshi, 1971; Dickinson 
and Lucas, 1979; Singer, 1986, Kumar et al., 
1990) and websites (biodiversity library.org; 
Index fungorum; Jstor.org; Mycobank.org; 
Scircus; tropicos.org; Agaricus in the Pacific 
Northwest; Boletes in the Pacific Northwest). The 
voucher specimens were deposited in Tribhuvan 
University Central Herbarium. 

Results and discussion

Results

During field survey, altogether, 27 species of 
Basidiomycetes from 6 orders belonging to 13 
families and 18 genera were recorded with their 
brief descriptions (Annex 1).

A notable frequency of Amanita caesarea, A. 
chepangiana, A. pantherina, Agaricus augustus, 
Coprinus comatus, C. plicatilis, Macrolepiota 
fuliginosa, M. rhacodes, Russula emetica, R. 
foetens, R. nigricans, Scleroderma bovista, S. 
citrinum, Termitomyces clypeatus and T. eurhizeus 
were observed. Out of the total collection, 55% 
mushrooms were found to be under Agaricales 
order followed by Polyporales, Russulales, 
Boletales, Hymenochaetales and Tricholomatales 
(Fig. 2). 

Indigenous knowledge and therapeutic use

On the basis of the information collected, 92.5% 
of the mushrooms were found to be used as food, 
5.5% as medicine, 1.5% as taste and flavor, and 
0.5% as tonic. The food values of wild edible 
mushrooms were found to be more significant in 
the study sites. The consumption data revealed 
that mushrooms were found to be mostly used as 
food by 51% women followed by 31% children 
and 18% men. People were found to have used 
these mushrooms for the remedy of different 
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types of diseases and ailments. Out of the 150 
respondents, 30% people were found to have 
used it for the remedy of measles. Similarly, 
24% people were found to have used it for the 
treatment of yellow fever, 20% for the treatment 
of jaundice, 16% for the treatment of inappetence, 
4% for the treatment of constipation, 4% for the 
treatment of mumps, ear pain and cut wounds, 
2% for the treatment of skin diseases, 1.3% for 
the treatment of muscular pain, and 0.6% for the 
treatment of stomach pain. Their medicinal uses 
for the treatment of different types of disease 
were found to have made them more significant 
for the people of the area. 

Discussion

Wild edible mushrooms are not only an important 
source of food for local people, but are equally 
used for medicinal purpose. The present survey 
on the macrofungi revealed that there are 
plenty of edible species of mushroom. The 
most common among them such as Cleroderma 
bovista, T. clypeatus, T. eurhizeus and Volvorella 
volvacea are collected, sacked in bags and carried 
to market for selling.

Among 27 species identified, 15 are edible, 4 
inedible, 4 poisonous and 4 species possess 
medicinal value. Some of the edible species such 
as S. bovista, T. clypeatus and  T. eurhizeus are 
also used for medicinal purpose. The medicinally 
important tropical polypore like Pycnoporus 
cinnabarinus is used for the remedy of infectious 
disease (mump), ear pain etc. Scleroderma 
citrinum, the medicinal species is also used as 
food. Schizophyllum commune, the cosmopolitan 
inedible species is sometimes used for culinary 

purpose in food deficit condition. This species 
has religious value too, and is used as ‘Sagun’ 
i.e. good luck in the marriage ceremony in Newar 
community.

During surveys, it was found that the mushroom 
flora of Macrolepiota fuliginosa, M. rhacodes, 
R. nigricans, T. clypeatus, T. eurhizeus and V. 
volvacea is declining since the last two decades 
due to deterioration of forest lands. Notable 
frequencies of species were found in abundance 
during sample collection. Being saprophytic, 
obligatory symbionts as well as part of the 
mycorrhizal association, these microfungi play 
an important role in increasing soil fertility in 
the forest through biodegradation as well as 
decomposition of the lignocellulose compounds 
of leaf litter. The litter debris of vascular flora 
favours the regulation and maintenance of 
temperature and moisture in the soil for these 
microfungi. The toxic species listed are Amanita 
pantherina, Coprinus plicatilis, Russula emetica 
and R. foetens.

Conclusion

The reported mushrooms occur in tropical to 
temperate belts throughout the nation. Extensive 
investigation is needed to find out their species 
richness, distribution pattern, species diversity 
index and ethnomycological uses. Some of the 
important macrofungi such as Macrolepiota, 
Scleroderma, Termitomyces and Volvorella spp. 
need special attention to be conserved against 
threat to avoid their unmanaged and unscientific 
exploitation. Besides, their harvesting should 
be done in scientific manner rather than using 
traditional methods. The mycoelements prevailing 

Fig. 2: A graph showing the total no. of species (Tns) and % of frequency of groups (SF%) of 
Basidiomycotina
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in this area need sustainable conservation and 
utilization. 
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Annex 1: Wild macrofungi collected from Baunnakoti Community Forest, Rupandehi District, Nepal

S.N.
Sample 

collection 
no.

Scientific name Local name Order Family Host/ Sub-
stratum Ecology Application

1 100755 Amanita caesarea 
(Scop.) Pers.

Suntale Chyau Agaricales Amanitaceae Soil Mycorrhizae Used as vegetable 

2 100772 Amanita chepan-
giana Tulloss & 
Bhandary

Salleu, Kukhu-
ra Phule-chyau

Agaricales Plutaceae Soil Mycorrhizae Used as vegetable 

3 100773 Amanita pan-
tharina (D C.) 
Kromb.

Bhut Chyau Agaricales Amanitaceae Soil Mycorrhizae Deadly poisonous 

4 1209561 Agaricus augus-
tus Fr.

Kaile Chyau Agaricales Agaricaceae Soil Saprophytic Used as vegetable 

5 1010524 Agaricus sylvi-
cola (Vittad.) 
Peck.

Sal Chyau Agaricales Plutaceae Soil Saprophytic Not edible 

6 1008149 Armellaria Mella 
(Vahl.: Fr.) Kum-
mer.

Todke Chyau Agaricales Marasmiaceae On decayed 
log from crev-
ices in moist 
shady areas 

Parasitic Used as vegeta-
ble/ soup 

7 1007214 Asterophora 
parasitica (Bull.) 
Sing.

Chyau mathi 
Seto  Chyau

Tricholoma-
tales

Tricholomata-
ceae

In moist shady 
place (above 
the Russula)

Parasitic Not edible

8 1008329 Coltricia cin-
ninenea (Pers.) 
Murrill.

Soli Chyau Hymeno-
chaetales

Hymenochae-
taceae

On leaf mould 
soil

Saprophytic Not edible

9 1009500 Cpprinus Coma-
tus (O.F. Mill.)
Pers.

Gobre Chyau Agaricales Coprinaceae Soil Saprophytic Edible at young 
stage; offered to 
child, in the form 
of powder mixed 
with rice or milk, 
for good sleep 

10 100707 Coprinus plicati-
lis (Curtis) Fr.

Payeje Chyau Agaricales Coprinaceae On log (Aca-
cea catechu) 

Saprophytic Poisonous 

11 100708 Daldinia concen-
tric (Bolt.) Ces et 
de not.

Dalle/ Kale 
Chyau

Polyporales Polyporaceae On log (Dal-
bergia sissoo) 

Saprophytic Not edible; used 
to treat burns

12 100954 Flammulina 
velutipes (Curtis) 
Sing.

Patpate Chyau Agaricales Marasmiaceae On soil/ de-
caying log

Saprophytic Edible, but  not 
popularly used 

13 1007107 Ganoderma lucid-
ium P. Karst.

Dadhu Chyau Polyporales Ganodermata-
ceae

Trunk (Bom-
bax ceiba) 

Parasitic Used for decora-
tive purpose and 
for  removing evil 
spirit

14 100759 Lentinus tigrinus 
(Bull.) Fr.

Vedi Chyau Polyporales Polyporaceae On stump 
(Syzygium 
cumini)

Saprophytic Edible, but not 
popularly used 

15 1008118 Macrolepiota 
fuliginosa (Barla) 
Bon.

Gobre Chyau Agaricales Agaricaceae Soil Saprophytic Used as vegetable

16 1008330 Macrolepiota 
rhacodes (Vittad.) 
Sing.

Gobre Chyau Agaricales Agaricaceae Soil Saprophytic Used as vegetable 

17 1008315 Nigroporus 
vinosa (Berk.) 
Murrill

Jhule Chyau Polyporales Fomotopsida-
ceae

On log (Syzy-
gium cumini)

Parasite/ 
Saprophyte

Not edible
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18 100711 Pycnoporus cin-
nabarinus (Jacq.) 
P. Karst.

Sindure Chyau Polyporales Polyporaceae Stump (Syzy-
gium cumini) 

Saprophytic Used for relief 
of ear pain and 
mumps 

19 1007171 Russula emetica 
(Schaeff.) Pers.

Ratteuo Russulales Russulaceae Litter Mycorrhizae Poisonous medi-
cine that causes 
vomiting

20 1008350 Russula foetens 
Pers.

Gandhe 
Chyau

Russulales Russulaceae Soil Mycorrhi-
zae 

Poisonous 

21 100751 Russula nigri-
cans Fr.

Handi Chyau Russulales  Russulaceae Soil Mycorrhi-
zae 

Edible; used as 
pickles 

22 101002 Schizophyllum 
commune Fr.: 
Fr.

Pankha 
Chyau

Agaricales Schizophyl-
laceae

Decayed 
wood   
(Shorea 
robusta)

Sapro-
phytic 

Edible; used 
for  culinary 
purpose; has re-
ligious/ cultural 
values

23 1009152 Scleroderma 
bovista Pers.

Alu Chyau, 
Ptteu

 Bolatales Scleroder-
mataceae

Soil Mycorhi-
zae 

Edible; used 
as vegetable; 
has medicinal 
values

24 1007317 Scleroderma 
citrinum Fr.

Dalle Chyau  Bolatales  Scleroder-
mataceae

Soil Mycorhi-
zae 

Not edible; 
causes gastric 
disorders or 
acute indiges-
tion

25 1010530 Termitomyces 
clypeatus. R. 
Heim.

Dhamere 
Chyau, Vemti

Agaricales  Tricholoma-
taceae

Termites nest Sapro-
phytic 

Edible; used 
for treatment 
of  feaver and 
measles

26 1007119 Termitomyces  
eurhizeus 
(Berk.) Heim.

Dhamere/ 
Bagale 
Chyau

Agaricales Tricholoma-
taceae

Termites nest Sapro-
phytic 

Edible; used 
for treatment 
of  feaver and 
measles

27 1109856 Volvorella vol-
vacea (Bull.:Fr.) 
Sing.

Parale Chyau Agaricales Plutaceae decomposed 
paddy straw 

Sapro-
phytic 

Used as veg-
etable 

Aryal and Budathoki



Effects of fertilizer application on fruiting-yield of  
Jatropha curcas Linn.

K. R. Aryal1*,  A. K. Das2, Y. P. Timilsina3 and S. K. Baral1

Sajiwan (Jatropha curcas Linn.) is one of 
the widely used plant species for bio-fuel 
production.  It is a drought-resistant shrub 

or tree belonging to the family Euphorbiaceae, 
which is cultivated in Central, and South America, 
Southeast Asia, India and Africa (Martınez-
Herrera et al., 2006). It can also grow out to the 
size of a tree as large as 12 m high (Sirisomboona 
et al., 2007).The plant is believed to be a native 
of South America and Africa but later distributed 
to other continents of the world by the Portuguese 
settlers (Gubitz et al., 1999).  Katwal and Soni 
(2003) described that it is able to thrive in a 
number of climatic zones with rainfall ranging 
from 250 mm to 1200 mm. In Nepal, it is found 
in all districts of Terai, Mid-hills, and low lying 
areas of mountains. 

The fruits of Sajiwan are used to produce bio-
fuel. It reaches its maximum productivity in five 
years, and can live up to 50 years (Sirisomboona 
et al., 2007). It has been reported that the dry seed 
of Sajiwan would yield about 30–38% of crude 
oil using an engine-driven expeller (Forson et 
al., 2004). Acceptable thermal efficiencies of the 
engine are obtained with blends containing up 
to 50 per cent volume of Sajiwan oil (Pramanik, 
2003). Multiple benefits of Sajiwan plants are not 
only useful in saving environmental pollution 
but also supports for employment generation and 
entrepreneurship developments. 

Some studies have been carried out on raising 
the fruiting-yield of Sajiwan in the world. 
For example, pruning (Beckford, 2008) and 
application of chemical fertilizers (Yong et al., 
2010; Ghosh et al., 2011) can increase the fruiting-
yield while maintaining the same intrinsic seed-oil 
content, but in Nepal, limited studies have been 
conducted on Sajiwan, and they only deal with 
the socio-economic aspect of Sajiwan plantation 

(eg. Parajuli, 2010; Ranabhat, 2009). Meanwhile, 
Nepalese farmers are suffering from the poor 
fruiting-yield of Sajiwan. We still do not know the 
true factor that limits the fruiting-yield of Sajiwan 
in Nepal. In this context, we hypothesize that 
the fruiting-yield of Sajiwan in Nepal is limited 
due to the status of poor soil-nutrient contents. 
To test this hypothesis, this study was designed 
and different treatments (types of fertilizer) were 
applied in a site where the planting materials were 
from two different origins (i.e. seeds and branch 
cuttings).

Materials and methods

Study area

The trial was conducted within eight-year-old 
plantation of Sajiwan located at Khairenitar 
Village Development Committee (VDC) of 
Tanahun District of Nepal. The site covers 45 
hectares of the land under which only 22 hectares 
was cultivated with Sajiwan in 2003. The 
elevation of the site ranges from 501 m to 505 
m above mean sea level, and exhibits subtropical 
type of climate.

Soil characteristics of the site

Three points were selected randomly from the 
entire plantation site. Soil samples were collected 
from three different depths (0–10 cm, 10–20 cm 
and 20–30 cm) from the ground surface in each 
point. Soil analysis was carried out at soil test 
centre (lab), Pokhara. 

Design of experiment and treatment 
application

The experiment was designed as two blocks 
of different planting materials (seedlings and 
branch cuttings), with seven replications of  

1  Department of Forest Research and Survey, Kathmandu, Nepal
2  Nepal Foresters Association, Kathmandu, Nepal
3  Institute of Forestry, Pokhara, Nepal
* Corresponding author: E-mail:  kamalrajaryal2003@gmail.com
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10 m x 10 m plots with three different treatments 
(control, compost, and chemical fertilizers). The 
trial plot was established in April 2008. Twenty 
kg of compost was applied to each plant in April 
for two years. A dose of chemical fertilizers 
consisting of 300 gm potassium (K2O), 350 gm 
Urea, 250 gm phosphorus (P2O5, DAP), 30 gm 
Boron and 30 gm Zinc was applied to each plant 
as a treatment of chemical fertilizers. Insecticides 
were sprayed uniformly to all blocks before 
flowering and fruiting to protect from insect 
damage.  

Data collection and analysis 

One row was selected randomly in each plot. 
Counting of fruits was done in each plant on the 
selected rows in July 2010. Two-way ANOVA 
was used to test whether there was significant 
difference in the average fruiting yields between 
blocks (seedling and branch cutting) and among 
treatments (control, compost, chemical fertilizer) 
at 5% level of significance. Multiple comparisons 
(LSD test) were done to find out the best treatment 
type.  

Results and discussion

Soil features

The soil in the research site was found to be very 
poor in nutrient contents, and was alkaline i.e. pH 
7.81. Nitrogen content in the top layer up to 10 cm 
was found to be high whereas potassium, boron 
and zinc were low (Table 1). The constituents of 
the chemical nutrients in the soil were: 2.51% 
organic matter, 0.12% available nitrogen, 48.78 
kg/ha available phosphorus (P2O5), 889.78 kg/
ha available calcium, 17.56 kg/ha available 
potassium (K2O), 0.46 ppm available boron, and 
0.35 ppm available zinc.
Table 1: Soil characteristics

Parameter Soil depth: 
(0–10 cm)

Soil depth: 
(10–20 cm)

Soil depth: 
(> 30 cm)

Soil pH Alkaline Alkaline Alkaline

OM (%) Moderate Low Low

N (%) High Medium Low

Phosphorus Low Low Low

Potassium Low Low Low

Calcium High High High

Boron Low Low Low

Zinc Low Low Low

Fruiting-yield on the basis of types of planting 
material

Fruiting yields of Sajiwan varied according to the 
types of planting materials (seedlings and branch 
cuttings). The maximum number of fruits in the 
plants originated from the seedlings was found 
to be 312 whereas it was 357 in those originated 
from the branch cuttings (Table 2). Similarly, the 
mean number of fruits of the plants established 
using branch-cuttings was 46 fruits per tree 
whereas that of the plants established using 
seedlings was 28 per tree; the pooled average 
yield of fruits per plant being 36. The variation 
of the fruiting yields in the plants originated from 
branch cuttings was 1.6 times higher than that of 
the seedling-originated plants. This may be due 
to the fact that the plants propagated from stem-
cuttings established quickly and start producing 
fruits faster (Heller, 1996; Gosh and Singh, 2010). 
The plants propagated from stem-cuttings are 
also more competitive for nutrients, because they 
have more lateral roots than those from the plants 
originated from seeds (Heller, 1996). Kochhar 
and Kochar (2008) also observed that the plants 
propagated from stem-cuttings were able to grow 
faster and produce more fruits in the first year 
as compared to the ones propagated from seeds, 
which is in line with the findings of this study.

Prajapati and Prajapati (2005) found that fruiting-
yield of Sajiwan per tree ranged from 1.2 kg 
under rain-fed condition to 3.2 kg under irrigated 
condition. Similarly, a study conducted in Florida 
estimated as 25–42 pounds (11–19 kg) of seeds 
per shrub per year (Beckford, 2008), but the yield 
of present study (0–0.85 kg; calculated from table 
2 where 1 fruit = 3 seeds, and oven dry weight of 
a seed=0.79 gram which was obtained from the 
measurement of this study) was found to be too 
low as compared to the above mentioned studies. 
The reason could be due to the effect of less 
availability of water and nutrients (Achten et al., 
2010; Laviola and Dias, 2008; Yong et al., 2010; 
Abdrabbo et al., 2009), un-adapted provenances 
(Heller, 1996; Tewari et al., 2007) and other site 
factors viz. soil conditions, altitude, sunlight and 
temperature (Ghosh et al., 2007; Openshaw, 
2000).

Fruiting-yield in the plants originated from 
seedlings

The mean number of fruits of the plants yield in the 
control plot was 21. Similarly, the mean number 

Aryal et al.



Banko Janakari, Vol. 23, No. 1

59

Table 2: Fruiting-yield on the basis of the types of planting material

Types of plants Total no. of 
plants

No. of fruits/plant
Min Max Average

Originated from seedlings 220 0 312 28
Originated from branch-cuttings 172 0 357 46

of fruits with the application of compost and 
chemical fertilizer were 29 and 34 respectively 
(Fig. 1). This indicates that the mean fruiting-
yield was increased by 38% with the application 
of compost and by 62% with the application 
of chemical fertilizers; however, statistically 
there was no significant difference in the mean 
fruiting-yield with the application of compost 
and chemical fertilizers (Fig. 1). The duration of 
our study might not be enough to get significant 
difference in the annual fruit-production per tree 
grown from the seedlings as the seedlings take 
longer time to get mature (Heller, 1996; Gosh 
and Singh, 2010) and also less competitive for 
nutrients (Heller, 1996). 

Fruiting-yield in the plants originated from 
branch cuttings

The mean number of fruits of the plants 
developed from branch-cuttings in control, 
compost and chemical fertilizer used plots were 
34, 43 and 65 respectively (Fig. 1). This shows 
that the mean fruiting-yield was increased by 
26% with the application of compost and by 91% 

with the application of chemical fertilizers. The 
statistical test showed the significant difference 
in mean yield. While performing the multiple 
comparisons (LSD), only the average fruiting-
yields of treatment pairs i.e. control and chemical 
fertilizer treatments differed significantly (Fig.1). 
This may be due to the fact that chemical 
fertilizers are soluble and immediately available 
to the plants. Therefore, the effect of chemical 
fertilizer is usually direct and fast. There is a 
surprising evidence that fruiting-yield of Sajiwan 
can even be increased by 330% (3.3 fold) with 
the use of 6-benzyladenine (160 ml/lit) (Bang and 
Zeng, 2011).

Conclusion

The research concludes that the fruiting-yield 
of Sajiwan in the study area was very low, and 
varied with the mode of regeneration. Fruiting-
yield in the plants originated from seedlings did 
not vary significantly even with the treatments 
they received, but it differed significantly with 
the application of chemical fertilizers in the 
plants established from branch-cuttings. This 
may be due to the fact that plants established 
from seedlings takes more time to get maturity 
than the plants established from branch cuttings. 
Therefore, caution must be provided when the 
result is generalized. 

Acknowledgements
The authors are thankful to the Community 
Based Natural Forest and Tree Management in 
the Himalayas (ComForm) Project, IOF, Pokhara 
for providing financial support to conduct the 
study. Local employees of Khairenitar VDC of 
Tanahun District deserve special thanks for their 
help during the research period.

References
Abdrabbo, A., Abou, K. and Nahed, M. M. A. 

2009. Response of Jatropha curcas L. to 
water deficits: Yield, water uses efficiency 
and oilseed characteristics. Biomass and 
Bioenergy 33 (10): 1343–1350.

Fig. 1. Fruiting-yield in the plants originated 
from seeds and branch cuttings with different 
treatments. Errors bars correspond to 95% 
level of confidence intervals. The letter ‘a’ in-
dicates significant differences (p<0.01) accord-
ing to multiple comparison LSD test.

Aryal et al.



Banko Janakari, Vol. 23, No. 1

60

Achten, W. M. J., Maes, W. H., Reubens, B., 
Mathijs, E., Singh, V. P. and Verchot, L. 
2010. Biomass production and allocation in 
Jatropha curcas L. seedling under different 
levels of drought stress. Biomass and 
Bioenergy 34 (5): 667–676.

Bang, Z. P. and Zeng, F. X. 2011. Benzyladenine 
treatment significantly increases the seed 
yield of the biofuel plant Jatropha curcas. 
Journal of plant Growth Regulation 30:166–
174.

Beckford, R. 2008. Jatropha curcas From 
Potential to Kinetic Energy. University of 
Florida, USA.

Forson, F. K., Oduro, E. K. and Donkoh, E. H. 
2004. Performance of Jatropha oil blends in 
a diesel engine. Renewable Energy 29 (7): 
1135–1145.

Ghosh, A., Chaudhary, D. R., Reddy, M. P., 
Rao, S. N., Chikara, J. and Pandya, J. B. 
2007. Prospects for Jatropha methyl ester 
(biodiesel) in India. International Journal of 
Environmental Studies 64 (6): 659–674.

Ghosh, A., Chikara, J. and Chaudhary, D. R. 2011. 
Diminution of economic yield as affected 
by pruning and chemical manipulation of 
Jatropha curcas L. Biomass and Bioenergy 
35 (3): 1021–1029. 

Gosh, L. and Singh, L. 2010. Study of factors 
influencing vegetative propagation of 
Jatropha  curcas. Indian Forester 136:  
1637–1648.

Gubitz, G. M., Mittelbach, M. and Trabi, M. 1999. 
Exploitation of the tropical oil seed plant 
Jatropha curcas L. Bioresource Technology 
67 (1): 73–82.

Heller, J. 1996. Physic nut - Jatropha curcas 
L. - Promoting the conservation and use of 
underutilized and neglected crops. Ph.D. 
Thesis, Institute of Plant Genetic and Crop 
Plant Research, Gatersleben, Germany 
and International Plant Genetic Resource 
Institute, Rome, Italy.

Katwal, R. P. S. and Soni, P. L. 2003. Biofuels: an 
opportunity for socioeconomic development 
and cleaner environment. Indian Forester 
129 (8): 939–949.

Kochhar, S., Sing, S. P. and Kochar, V. P. 2008. 
Effect of auxins and associated biochemical 
changes during clonal propagation of the 

biofuel plant - Jatropha curcas. Biomass and 
Bioenergy 32 (12): 1136–1143.

Laviola, B. G. and Dias, L. A. A. 2008. Nutrients 
concentration in Jatropha curcas L. leaves 
and fruits and estimated extraction at harvest. 
Revista Brasileira de Ciencias do Solo 32: 
1969–1975.

Martinez-Herrera, J., Siddhuraju, P., Francis, 
G., Davila-Ortız, G. and Becker, K. 2006. 
Chemical composition, toxic/antimetabolic 
constituents, and effects of different 
treatments on their levels, in four provenances 
of Jatropha curcas L. from Mexico. Food 
Chemistry 96 (1): 80–89.

Openshaw, K. 2000. A review of Jatropha curcas: 
an oil plant of unfulfilled promise. Biomass 
and Bioenergy 19 (1): 1–15.

Parajuli, A. B. 2010. Scope of Managing Jatropha 
curcas and its Impacts on Rural Livelihood 
in Vicinity of Khairenitar VDC in Tanahun 
District, Nepal. B.Sc. Thesis, Tribhuwan 
University, Institute of Forestry, Pokhara, 
Nepal.

Prajapati, N. D. and Prajapati, T. 2005. A Hand 
Book of Jatropha curcas Linn. (Physic 
nut). Asian Medical Plant and Health Care 
Trust, Jodhpur, India.

Pramanik, K. 2003. Properties and use of 
Jatropha curcas oil and diesel fuel blends 
in compression ignition engine. Renewable 
Energy 28 (2): 239–248.

Ranabhat, R. 2009. Potentiality of Jatropha 
curcas Cultivation in Community Forest in 
Madanpokhara VDC in Palpa District, Nepal. 
B.Sc. Thesis, Tribhuwan University, Institute 
of Forestry, Pokhara, Nepal. 

Sirisomboona, P., Kitchaiyab, P., Pholphoa, T. 
and  Mahuttanyavanitcha, W. 2007. Physical 
and mechanical properties of Jatropha 
curcas L. fruits, nuts and kernels. Biosystems 
engineering 97 (2): 201–207.

Tewari, J. P., Dwivedi, H.D., Pathak, M. and 
Srivastasa, S.K. 2007. Incidence of a mosaic 
disease in Jatropha curcas Lin. From 
Eastern Uttar Pradesh. Current  Science  
93: 1048–1049. 

Yong, J., Ng, Y., Tan, S. and Chew, A. 2010. Effect 
of fertilizer application on photosynthesis 
and oil yield of Jatropha curcas L.  
Photosynthetica 48 (2): 208–218.

Aryal et al.



Bently, L. and Sherman, B. 2003. Intellectual 
Property Law. Oxford University Press, New 
Delhi, 1051p.

Chhokar, K. B., Pandya, M. and Raghunathan, 
M. 2004. Understanding Environment. Sage 
Publications, New Delhi, 331p.

Dash, M. C. and Dash, S. P. 2010. Fundamentals 
of Ecology. Tata McGraw Hill Eduction Private 
Limited, New Delhi, 562p.

Dubash, N. K. 2012. Handbook of Climate 
Change and India Development, Politics and 
Governance. Oxford University Press, New 
Delhi, 400p. 

Gore, A. 2006. An Inconvenient Truth : The 
Planetary Emergency of Global Warming and 
What We Can Do About It. Rodale, New York, 
325p.

Gupta, M. P. 2009. Crisis Management. Essential 
Books, New Delhi, 286p.

Gyawali, C. K. 2010. Federalisn in the World. 
Chandra Kanta Gyawali, Lalitpur, 468p.

Hitchcock, D. and Willard, M. 2006. The Business 
Guide to Sustainability : Practical Strategies 
and Tools for Organization. Earthscan. USA 
Publisher, Washington DC, 292p.

Ingnam, K. 2009. An Introduction to World 
Trade Organization. Kathmandu School of Law, 
Bhaktapur, 654p.

Kala, C. P. and Silori, C. S. 2013. Biodiversity 
Communities and Climate Change. The Energy 
and Resources Institute (TERI), New Delhi, 330p.

Kaarthikeyan, D. R. 2006. Commentary on 
Anti – Corruption Laws : With Exhaustive 
Commentaries on The Prevention of 
Corruption Act, 1988. Ashoka Law House, New 
Delhi, 1756p.

Khatiwada, P. P. 2065 B.S. Problem of Human 
Disappearances in Nepal (A Study With the 
Solution Measures). Centre For Conflict Studies, 
Kathmandu, 340p.

Lakshmikanthamma, S. 1997. Sustainability of 
Dryland Agriculture in India : A Case Study 

of Watershed Development Approach. MD 
Publications Pvt. Ltd.,  New Delhi, 339p.

Miller, R. W. and Donahue, R. L. 1997. Soils In 
Our Environment. Prentice Hall of India Private 
Limited, New Delhi, 649p.

Murty, C. and Narayan, S. 2002. Water Resources 
Engineering : Principles and Practice. New 
Age International Publishers, New Delhi, 306p.

Majupuria, T. C. and Majupuria, R. K. 2006. 
Wildlife and Protected Areas of Nepal 
[Resources and Management] (Most up to 
date and correct description of Mammals 
of Nepal together with recent delineation of 
wildlife Protected Areas, conservation and 
Management) Opposite Saharanpur Club, 
Saharanpur (U.P.) India,  549p.

Ojha, E. R. 1999. Dynamics and Development 
Highland Ecosystems. Walden Book House, 
Kathmandu, 278p. 

Ojha, H. R., Timalsina, N. P., Kumar, C., 
Banjade, M. R. and Belcher, B. 2008. 
Communities, Forests and Governance Policy 
and Institutional Innovations From Nepal. 
ADROIT Publishers, New Delhi, 247p.

Parks, P. J. 2004. Global Warming : The Lucent 
Library of Science and Technology. Lucent 
Books, New York, 112p.

Padma, T. and Rao, K. P. C. The Principles 
Environmental Studies [Based on Revised 
Syllabi of 5 Year Law Degree Course]. ALT 
Publications, Hyderabad, 338p.

Padma, T. and Rao, K. P. C. 2010. The Principles 
Environmental Law [Based on revised 
Syllabi of 5 Years Law Degree Course] ALT 
Publications, Hyderabad, 335p.

Pandit, A. 2010. Watershed Development 
Inputs and Social Change : Understanding the 
Changing Culture of Child Nutrition. Rawat 
Publications, Jaipur, 168p.

Prakash, A., Sarvanan, V. S. and Chourey, J. 
2012. Intlacing Water and Human Health Case 
Studies From South Asia. Sage Publication, 
New Delhi, 470p.

Central Forest Library Acquisition List No. 60, May 2013

61



Banko Janakari, Vol. 23, No. 1

62

Rajagopalan, R. 2011. Environment : An 
Illustrated Journey. Oxford University Press, 
New Delhi, 236p.

Roth, D. and Vincent, L. 2013. Controlling the 
Water Matching Technology and Institutions 
in Irrigation Management in India and Nepal. 
Oxford University Press, New Delhi, 400p.

Rao, P. V. 2003. Textbook of Environmental 
Engineering. Prentice-Hall of India Private 
Limited, New Delhi, 268p.

Sethi, V. K. 2009. Disaster Management. 
Essential Books,  New Delhi, 325p.

Satyal, Y. R. 2000. Essentials of Tourism. Adroit 
Publishers, New Delhi, 126p. 

Subedi, B. P. 2006. Linking Plant – Based 
Enterprises and Local Communities to 
Biodiversity Conservation in Nepal Himalaya. 
Adroit Publishers,  New Delhi, 244p. 

Tamrakar, N. K. 2011. Practical Sedimentology. 
Bhrikuti Academic Publications, Kathmandu, 
232p.

 Notice 
The Central Forest Library 
hereby requests all researchers, 
academicians and students to send 
one copy of their thesis and research 
papers related to forestry, wildlife, 
botany, soil conservation, socio-
economic studies, Medicinal Plants, 
environment and biodiversity to 
this library.

Central Forest Library
Department of Forest Research and Survey,

P.O. Box : 3339, Kathmandu, Nepal
E-mail: info@dfrs.gov.np

Tel. No. 4220482/4269491

Acquisition



Key word         Page no.

Above-ground biomass  12        

accuracy    12

Allometric models   23

Basidiomycetes   51

Biomass    3

biomass functions   23

Buffer Zone    35

compensation    35

cost     12

Ecosystem services   42

foliage     23

Forest Resource Assessment  12

fruit     23

indigenous    51
 

Key word         Page no.

infrastructures    35

leaves     23

LiDAR    12

macrofungi    51

mushrooms       51

mushroom diversity       51

Nepal         35, 42

payment for environmental services 42

soil carbon       3

tree diversity       3

trees outside forest      3

Wildlife victims      35

willingness to pay      42

wood        23

Key Word Index to Vol. 23, No. 1, May 2013

63



Guidelines for contributors

Banko Janakari is a refereed journal. Research articles, short notes, or book reviews may be submitted. The 
submissions are accepted on the understanding that the editor may shorten or alter them in an appropriate 
way. In the case of research articles, authors will be consulted as far as possible depending on the difficulties 
of communication. Please state whether an article submitted to Banko Janakari, relates to work that has been 
commissioned by any government or other organization, or done in any connection with a course of study at a 
university or other institution. The author should also declare that the submitted article has not been published 
elsewhere, or submitted to another journal for publication.  

Articles should be of interest to the broad categories of forestry professionals in general and be understandable 
to non-specialist also. Articles should be written in plain and concise language and jargons should be avoided. 
Technical terms that may be unfamiliar to readers should be defined when they appear for the first time. 
Footnotes should be avoided as far as possible. Manuscript should be in English, typed in double space and 
submitted in duplicate. However, manuscript in electronic format or as e-mail attachment is preferred to hard 
copies. The length of the manuscript should be between 3000 and 4000 words for longer articles, and 1000 and 
2000 for short notes. However, shorter or longer articles may be considered in certain cases. Articles should 
follow the journal’s format: a) Abstract b) Introduction c) Materials and methods d) Results and discussion e) 
Conclusion and f) References.

The first page of the article should provide the full name, title and complete address of the author(s) including 
e-mail address. Subsequent pages should be numbered sequentially. The article should commence with a concise 
and informative abstract in one paragraph without reference to text or figures. It should be about 200 words. The 
abstract should be followed by four to six keywords. Authors are requested to provide supporting illustrative 
materials (tables, graphs, maps and drawings) with manuscripts. Such materials must be numbered and supplied 
on separate sheet. Photographs should be of high resolution and good contrast. All measurements should be 
given in the metric system. Exchange rate of Nepali Rupees with US dollars is a must where monetary figures are 
supplied. All the tables more than half of A4 size paper and those other than results should be kept as annexes. 
Hatching and patterns should indicate different divisions of maps and graphs instead of different colours.

References should be given at the end of the article on separate sheet of paper. Reference cited in the text must be 
listed alphabetically. References used in the text should indicate the name of the author(s) and date of publication 
at appropriate points (e.g. Sarkeala, 1995; Dennis et al., 2001), with the full reference given in a separate list at 
the end of the article. The term et al. should be used in the text when there are three or more authors. However, 
complete list of the authors should be named in references. For the convenience of authors, some examples of 
citation of different publications are given below. Please also note the case, italicization and bold typeface etc. 
of the referencing style given below. When information from the Internet is cited, full address of the website 
and the date accessed should be included, and listed under References.

Journal articles
Dennis, R., Hoffman, A., Applegate, G., Von Gemmingen, G. and Kartawinata, K. 2001. Large-scale fire: creator 

and destroyer of secondary forests in Western Indonesia. Journal of  Tropical Forest Science 13 (4): 786-799.

Books
Draper, N. R. and Smith, H. 1981. Applied Regression Analysis. 2nd edition. Wiley and Sons, New York, USA.

Edited books/Proceedings
Tsuchida, K. 1983. Grassland vegetation and succession in eastern Nepal. In Structure and Dynamics of  Vegetation in 

Eastern Nepal (ed) Numata, M. Chiba University, Chiba, Japan, 47-87.

Reports
EPC. 1993. Nepal Environment Policy and Action Plan: Integrating Environment and Development. 

Environment Protection Council, Kathmandu, Nepal.

Paper (Seminar/Workshop)
Alder, P. and Kwon, S. 1999. ‘‘Social Capital: The Good, The Bad and The Ugly’’ paper presented at the Academy 

of Management, Chicago, USA.

Thesis
Shrestha, S. M. 1993. Comparison of Different Sampling Techniques in Forest Inventory in Southern Nepal. 

M.Sc. Thesis, University of Joensuu, Joensuu, Finland.



Contents

Editorial           1

Articles  
S. K. Baral, R. Malla, S. Khanal and R. Shakya
 Trees on farms: diversity, carbon pool and contribution to rural livelihoods in  
 Kanchanpur District of Nepal         3

P. N. Kandel 
 Monitoring above-ground forest biomass: A comparison of cost and accuracy  
	 between	LiDAR	assisted	multisource	programme	and	field-based	forest	 
 resource assessment in Nepal        12

R. Rajchal  and H. Meilby
 Above-ground biomass models for Seabuckthorn (Hippophae salicifolia)  
 in Mustang District, Nepal        23

T. Silwal, B. P. Shrestha , B. P. Bhatta and B. P. Devkota
	 Revenue	distribution	pattern	and	park-people	conflict	in	Chitwan	National	Park,	Nepal	 35

B. KC , P. N. Kandel and S. Adhikari
 Economic valuation of ecosystem services in protected areas: A case study from Nepal 42

H. P. Aryal and U. Budathoki
 Ethnomycological studies on some macro-fungi in Rupandehi District, Nepal  51

Short Note

K. R. Aryal,  A. K. Das, Y. P. Timilsina and S. K. Baral
 Effects of fertilizer application on fruiting-yield of Jatropha curcas Linn.   57

Central Forest Library Acquisition List       61

Key word index          63

Banko Janakari, Vol. 23, No. 1May 2013


