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Churia Conservation: Efforts and Challenges in Nepal 
The Churia range (also called Siwaliks) rises steeply from the Terai plains 
and extends as a contiguous landscape from east to west. It is bordered by 
the Mahabharat range in the north and by the Terai in the south. The Churia 
is  young and composed of unconsolidated loose materials originated from soft 
rocks such as mudstone, sandstone, silt stone and shale. Soils are mostly formed 
on sedimentary rocks with shallow and coarse textured soils. Steep slopes and 
weakly consolidation of different layers is prone to severe surface erosion. It is 
stretched in 36  districts of the country, and incorporates about 12.76% of the total 
area, where more than 15% of the total population of the country reside. 

Despite with nearly 72.37% of the Churia under forest cover and rich in biodiversity, 
it is alarming and considered vulnerable to natural disasters such as landslides, 
erosions, flood and climate change impacts. Vulnerability of fragile ecosystem is 
further aggravated by numerous anthropogenic interventions such as settlement 
through encroachment, clearing of forests for cultivation, over exploitation of 
timber and other forest products through illegal logging, uncontrolled grazing, 
excavation and extraction of sand and gravel thereby rapidly changing the face of 
the region.  It can be seen that around 6.5 million cubic metre of gravel, stone and 
sand are legally extracted every year from the region and the illegal extractions 
are expected to be twice as much. In addition, the water flowing from the Churia 
range usually brings an immense amount of debris and deposits them in the main 
river channels downstream. These deposited debris reduce the carrying capacity 
of the rivers, which causes riverbed rising, river bank cutting, flashfloods and 
desertification of agricultural lands, siltation of reservoirs and barrages, and 
breaching of roads and bridges usually causes loss of life and properties in Churia 
as well as downstream Terai. 

Recent researches observed that rivers from Churia range have widened and shifted 
from their original course to a greater extent such as in the Koshi, Balan, Ratu, 
Lakhandehi, Bangeri Dudhaura and Mohana. There are many government,  non-
governmental and international organizations involved in Churia conservation 
namely Terai Arc Landscape (TAL) Project and Western Terai Landscape Complex 
Project (WTLCP), World Wildlife Fund (WWF), German Technical Cooperation 
(GTZ) of Germany, International Union for Conservation of Nature (IUCN), 
Cooperative for Assistance and Relief Everywhere (CARE)-Nepal and Department 
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For International Development (DFID). However, no desired objectives of soil 
and water conservation and natural resources management could yet be achieved 
because of their individualistic approach. The Government of Nepal (GoN) has 
promulgated necessary acts and regulations, strategies and plans in which an 
urgent need of Churia conservation is placed on the highest priority. In this regard, 
the Ministry of Forests and Soil Conservation (MoFSC) has been working on 
“President Chure Conservation Programme” since 2011. More than three years 
after its launch, the ‘iconic’ President Chure Conservation Programme became 
unable to address the issues to protect the fast denuding Chure and the inner Terai 
range. The MoFSC is leading and implementing this programme in 27 districts 
through its two departments namely Department of Forests and Department of 
Soil Conservation and Watershed Management. The lack of commitment from the 
political parties and their local representatives, lack of adequate support from the 
bureaucratic level and lack of performance-based analysis of the current status of 
the region are some challenges in the implementation aspect of the programme. 
Having realized such intricacy in addressing the challenges in Churia conservation, 
the GoN  has recently established the President Chure Terai Madesh Conservation 
Committee under the Development Committee Act, 2013 to address the issues in 
integrated approach.

Environmental degradation in the Churia region is not only limited in the 
upstream areas rather it has created more severe disasters in the downstream 
areas of the Terai region as well. A good understanding and interaction between 
the people of upstream and downstream must be established to have the 
conservation and mitigation activities implemented. These might be achieved by 
forming community organizations and networking in the river system. Integrated 
watershed management could be optimal option to address the aforementioned 
issues through identified conservation activities implemented effectively and 
strong coordination among all the concerned stakeholders. Baseline survey of 
both the socio-economic and bio-physical situation need to be known before any 
conservation and development activities start in the region. The research, survey 
and study programmes are equally important in this regard since, in one hand, they 
provide references for monitoring, supervision and evaluation of the programme 
implementation while, on the other hand, they justify the priorities, significance 
and urgency of the conservation activities in a scientific way.

 



In mountainous areas including the Himalayas, tree lines are expected to advance 
to higher altitudes due to global climate change affecting the distribution and 
growth of plant species. This study aimed at identifying the tree ring variability 
of Abies spectabilis (D. Don) and its response to the climate along an elevation 
gradient in the high Himalayas of central Nepal. Tree core samples were collected 
from four sites in Mustang district. All sites were located in the same valley and 
exposed to similar weather conditions. Out of 232 samples collected from the 
sites, Titi lower (2700 m), Titi upper (2900 m), Pangukhark (3100 m) and Lete 
upper (3300 m), 44, 40, 39 and 41 series were successfully cross-dated and ring-
width chronologies including 168, 79, 138 and 156 years previous to 2012 were 
developed, respectively. Statistically significant differences in average annual radial 
growth were noted among the four sites with the highest radial growth observed at 
mid-elevation sites. Chronological statistics based on residual chronologies for the 
common period revealed that A. spectabilis at the upper elevation site was more 
climate sensitive than at the other three sites. At the highest-elevation sites the 
correlation between pre-monsoon precipitation and tree growth was positive, and 
for the month of May this was statistically significant (p<0.05). Moreover, spring 
temperature (March-June) was negatively correlated with precipitation and with 
tree growth at all sites, and at the upper elevation site (3300 m) the correlation was 
significant for March, April and May.

Key words: Climate change, Dendro-climatology, Himalayas, tree line species,  
           tree growth 

Tree ring variability and climate response of  
Abies spectabilis along an elevation gradient in  

Mustang, Nepal 

D. K. Kharal1, H. Meilby2, S. Rayamajhi3, D. Bhuju4 and U. K. Thapa5

Growth response of trees to climatic 
variations can be studied through the 
measurement of annual rings of trees 

growing at a particular site where climate is 
a limiting factor. The principle of the limiting 
factor states that plant growth is controlled not by 
the total amount of resources available but by the 
scarcest resources (Fritts, 1976; Speer, 2010). At 
the margin of a species’ natural distribution range 
climate is usually a limiting factor for growth and, 
therefore, climatic effects on tree growth increase 
when approaching the very margin of the natural 
distribution range (Fritts, 1976; Schweingruber, 
1996). For trees at very high altitudes (at the tree 
line) and in very cold regions temperature during 
the growth season are limiting their growth and 
therefore their growth is frequently found to be 

temperature sensitive (Peng, 2008; Körner and 
Paulsen, 2004). 

The Himalaya region is considered one of the most 
sensitive and vulnerable natural environments of 
the world (NBS, 2002; MoE, 2010; NPC, 2010; 
WECS, 2002). Any changes in the climate of such 
regions are likely to have strong impact on their 
environment (ICIMOD, 2010; MoE, 2010 and 
2011; NBS, 2002; WECS, 2002; WWF-Nepal, 
2006). However, knowledge of climate change in 
the high altitude Himalayan region is very limited 
(Borgaonkar et al., 2008; ICIMOD, 2010; WWF-
Nepal, 2006). Glacier retreat has been taken as one 
of the indicators of Himalayan climate change in 
the form of rising temperatures (ICIMOD, 2010; 
MoE, 2010). Tree line advancement, change of 
vegetation structure and species composition at 
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the tree line, and stand growth dynamics are some 
of the biological indicators of climate change. 
Moreover, tree rings of the woody vegetation, 
especially conifer species growing at tree line 
altitudes of the Himalaya region, can be used 
to detect the climate signals that are recorded 
in their annual growth rings (Bräuning, 2001; 
Schweingruber, 1996; Yadav et al., 2004). At high 
altitudes the strong relationship between climate 
variables and tree rings can be expected to provide 
a good basis for dendro-climatic studies (Leal et 
al., 2007). Hence, tree ring records of the high 
altitude Himalayan region can provide valuable 
insight regarding Himalayan climate change and 
its impact on the vegetation (Borgaonkar et al., 
2011).

Other than the climate observed at meteorological 
stations, the tree-ring variability can also be 
influenced by local factors such as altitude, 
species, tree size, site (soil, ground water), slope, 
and aspect, all of which may alter the effects of 
climatic change on tree growth (Leal et al., 2007; 
Oberhuber, 2004; Urbinati et al., 1997). For 
example, in mountainous areas the relationship 
between observed climate at a meteorological 
station and tree growth at a site located in the 
vicinity of the station may vary with elevation 
as the actual temperature and precipitation at the 
site vary along the altitudinal gradient. Generally 
a decrease of 0.6°C in temperature is expected 
on average for every 100 meter increase in 
elevation in alpine and sub-alpine regions (Mani, 
1981). Previous studies have observed significant 
differences in climate-tree growth relationships 
along altitudinal gradients in Tibet and China 
(Chen et al., 2011; Peng et al., 2008; Wang et 
al., 2005).To understand patterns found on the 
southern side of the Himalayan range it is equally 
important to examine the influence of climate 
on tree growth along altitudinal gradients in the 
Nepalese part of Himalaya.

The number of dendroclimatic studies in Nepal 
Himalaya is increasing at a considerable pace 
(Cook et al., 2003; Sano et al., 2005; Bhuju 
et al., 2010; Chhetri and Thapa, 2010; Gaire 
et al., 2011; Dawadi et al., 2013; Thapa et al., 
2013). However, so far no studies have focused 
on examining climate-tree growth relationships 
along elevation gradients in the Nepal Himalaya 
despite the marked gradients characterizing this 
region. A long annual ring width series can be an 
important source of reliable historical information 

for high altitude regions (Esper, 2000; Yadav 
et al., 1997), and therefore long-living woody 
species have a high potential for dendroclimatic 
studies. Among the several Himalayan conifers 
A. spectabilis has proved its dendroclimatic 
potential along the entire Himalayan range 
(Suzuki et al., 1990; Bhattacharyya et al., 1992; 
Sano et al., 2005; Gaire et al., 2011; Yadav and 
Singh, 2002; Yadav et al., 2004). A. spectabilis 
is a high altitude fir distributed from 2400 m to 
4400 m and with a natural range extending from 
Myanmar in east to Afghanistan in west (Jackson, 
1994; Stainton, 1972). Therefore, the objective of 
this study is to examine the relationship between 
tree ring variability of A. spectabilis and climate 
along an elevation gradient in the high altitude 
central Himalayas of Nepal.

Materials and methods

Study area  

Mustang district was selected for this research 
study since it includes many high-altitude areas 
where trees grow at the extreme limits of their 
distribution and should thus offer appropriate sites 
for establishing climate-tree growth relationships 
(Schweingruber et al., 1992; Schweingruber, 
1989). The district is located in northern part 
of Nepal (Fig. 1) between two great Himalayan 
ranges, Annapurna Himalaya in the east and 
Dhaulagiri in the west.

Fig. 1: Map of study area with sampled sites

The district includes large rain shadow areas with 
less than 200 mm rainfall annually, maximum 
temperature of 26ºC in the summer and minimum 
temperature of -20ºC in the winter (NTNC, 
2008). In fact the majority of the district’s area 
is located in the Trans-Himalayan region where a 
cold desert type with semi-arid climate prevails. 

Kharal et al.
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However, these areas are too dry for A. spectabilis 
and the study sites are therefore located in the 
southern part of the district (Lete and Kunjo 
VDCs), which receives more rainfall (more than 
1200 mm annually) and where trees and forests 
of conifer species are distributed across a wide 
elevation range. Lete and Kunjo VDCs of the 
Mustang district were characterized by long term 
research area (2003–2014) under the Community 
based Forest Management in the Himalayas 
(ComForM III) Project with the establishment of 
12 permanent sample plots for biophysical and 
socio-economic survey (Meilby et al., 2006). Only 
3.24% of the total area is covered by forest and 
most of this forest is located in the southern part 
of the district around our sample sites. The forests 
are dominated by pine and fir in the cold temperate 
climatic zone, and high altitude conifer forests 
including A. spectabilis are found at different 
elevations. The natural resources of the areas are 
managed by the Annapurna Conservation Area 
Project (ACAP) since 1992 under the National 
Trust for Nature Conservation, a national non-
governmental organization (www.ntnc.org.np).

Sampling design and sample collection
Study sites were established at four different 
elevations ranging from the lowermost margin 
of the distribution of A. spectabilis at around  
2700 m up to 3300 m elevation at the mountain 
ridge. Each site was identified in such a way 
that the site homogeneity could be maintained 
as suggested by Schweingruber et al. (1992). 
For this purpose, a strip of land with a width of  
50 m was established across the slope direction 
at intervals of 200 m along the slope. Tree cores 
were collected at a height of 1.3 m above ground 
using stainless steel Swedish Increment borers of 
three different sizes (24”, 18” and 16” long and  
5 mm diameter). Descriptive details of the 
sampling sites and the number of samples 
collected are presented in table 1.

The sites were located within the same valley 
and it is therefore assumed that all four sites are 
exposed to almost similar weather conditions and 
climatic variations from year to year. Moreover, 
the major forest types in all sample sites were 
conifer-dominated, but the dominant conifer 
species varied between sites. Thus, the lower 
elevation sites (Titi lower and Titi upper) were 
dominated by Tsuga dumosa, whereas the upper 
elevation sites (Pangu and Lete upper) were 
mostly dominated by A. spectabilis.

Sample preparation and chronology 
development 

Sample preparation was carried out following the 
standard method of tree ring analysis suggested 
by Cook and Kairiukstis (1992); Fritts (1976) 
and Schweingruber (1996). Collected samples 
were air dried, mounted in wooden frames and 
polished using sanding papers of different grit 
size (80, 120, 240, 400 and 600) until the ring 
boundaries were visible under microscope.

Ring widths were measured using TSAP-Win 
software attached to a LINTAB measuring system 
(version 5) operating at 0.01 mm resolution. 
The calendar year of each ring was assigned 
by matching the ring-width patterns of the 
samples of each site in TSAP-Win. The program 
COFECHA was used to check the accuracy 
of measurements and dating (Holmes, 1983). 
Successfully cross-dated samples were used for 
developing a ring-width chronology for each 
of the four sites located at different elevations 
(Table 1). Raw chronology, standard chronology, 
residual chronology and arstan chronology were 
developed using the ARSTAN computer program 
(Cook, 1985). The residual chronology was used 
for dendro-climatic analysis. This chronology 
was obtained after removing autocorrelation from 
the standard chronology by using autoregressive 
(AR) modelling. To obtain the standard ring-

Table 1: Description of sampling sites and number of samples

Sampled 
sites

Elevation 
range of  

sampled sites 
(m)

Middle 
elevation of 

sampled sites 
(m)

Latitude
(northern)

Longitude
(eastern) Aspect Sampled 

trees/cores

Titi lower 2675–2725 2700 28.653217° 83.611113° North 30/57

Titi upper 2875–2925 2900 28.648258° 83.612645° North 29/50

Pangu khark 3075–3125 3100 28.657358° 83.661236° SW 30/58

Lete upper 3275–3325 3300 28.612734° 83.613277° Ridge 36/67
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width chronology, natural growth trends in the 
tree rings that are caused by factors other than 
climate were removed by fitting 30 year cubic 
smoothing splines to each of the ring width series.

Chronology characteristics were describedby 
estimating various statistics, including average 
ring width, standard deviation, mean sensitivity 
and autocorrelation for the entire period among 
all cross-dated tree ring series.The average ring 
width is a robust mean which was estimated by 
first averaging raw chronology ring widths for 
each tree and then averaging the individual tree 
averages, thus assigning equal weights to all 
sampled trees. These were also estimated for the 
common period and, in addition, correlations 
of ring width within each tree, between trees 
and among all series were determined for the 
common period. Signal to Noise Ratio, expressed 
population signal and variability ‘explained’ were 
also estimated for the common period.

Climate of the study area

Temperature and precipitation data from 
local meteorological stations, common to all 
sample sites, were used for analysis of the  
climate-tree growth relationship. There are three 
meteorological stations in the vicinity of the sites. 
The stations are located in Lete, Thakmarpha 
and Jomsom in Mustang district. Among these, 
the Lete station is closest to all sample sites and 
located within a distance of less than 5 km. Table 
2 provides details on the three meteorological 
stations.

Temperature data from the station in Lete are 
limited to 1998–2012 which is insufficient for 
this study and, therefore, the Jomsom temperature 
data were applied for the climate-tree growth 
analysis. The correlation between the temperature 
data of Lete and Jomsom was found highly 
significant (p<0.01). Precipitation data of the 
Lete station covered the period 1969–2012 and 
were found sufficient for further analysis. Figure 
2 depicts the monthly distribution of temperature 

and precipitation in the study site.

Fig. 2: Monthly distribution of precipitation 
and variation of temperature in the study area

Climate-growth relationship

The response of tree rings to climate fluctuations 
was analyzed using Pearson correlation 
coefficients. Correlations of the residual 
chronology with temperature and precipitation in 
different months were calculated for all sample 
sites with the help of the statistical software 
package SPSS.

Results and discussion
Out of the total set of collected samples, 44, 40, 39 
and 41 tree ring series from Titi lower, Titi upper, 
Pangukhark and Lete upper sites, respectively, 
were successfully cross-dated. Samples that 
were broken during handling and those that were 
difficult to date were discarded. Table 3 shows 
descriptive information on radial growth of A. 
spectabilis at the four sites at different elevations. 
The robust average of tree ring width of A. 
spectabilis was found to be higher at the two sites 
in the middle of the elevation range (Titi upper 
and Pangu Khark) than at the other two sites at 
the ends of the elevation range. At the site at 
3300 m elevation the average ring width was just 
about 1.54 mm. Average annual radial increment 
was about 5% at the ‘Titi upper’ site where the 
average annual rate of change in increment was 
only about -1.9%. The annual rate of change in 
radial growth was found to be smallest (-0.3%) at 
the site of highest elevation (3300 m), presumably 

Kharal et al.

Table 2: Meteorological stations in Mustang district

Meteorological 
stations

Elevation 
(m)

Latitude  
(deg/min)

Longitude  
(deg/min)

Span of 
precipitation 
data (years)

Span of 
temperature 
data (years)

Lete, Mustang 2384 28.38° 83.36° 1969 – 2012 = 43 1998 – 2012 = 14
Marpha, Mustang 2566 28.45° 83.42° 1967 – 2012 = 45 1969 – 2012 = 43
Jomsom, Mustang 2754 28.47° 83.42° 1957 – 2012 = 55 1959 – 2012 = 53



Banko Janakari, Vol. 24, No. 1

7

Kharal et al.

reflecting the relatively low average annual radial 
increment (2.7%) and the long span of years 
covered by many series at this site. Differences 
in average ring width along the elevation gradient 
were statistically significant (ANOVA, p<0.001). 
Hence climatic conditions, possibly including 
low temperature, associated with high elevations 
might be limiting the growth of the trees at the 
high-elevation site (3300 m) to a greater extent 
than at lower elevation sites.

Statistical information on the ring width 
chronologies prepared for A. spectabilis at the 
four different sites (elevations) is shown in  
table 4. Based on the common period the mean 
sensitivity of the residual chronology was 
higher at the upper elevation site (3300 m) 
and lowest in lower elevation sites (2700 and  

2900 m). However, the pattern of variation of  
mean sensitivity along the elevation gradient was 
found to be reversed for the overall period of the 
tree ring series. The reason for this presumably 
is that for three sites (2700, 3100 and 3300 m 
elevation) about half of the span of years covered by 
the chronologies were based on very few samples 
(<5 sample trees) leading to high fluctuation in 
the ring width data and presumably inflating the 
mean sensitivity statistic. Nevertheless, this sort 
of pattern was also noticed in parts of China 
and Europe (Dittmar et al., 2012; Cai and Liu, 
2013; Liu et al., 2013). The variation of the mean 
sensitivity was found highly significant (ANOVA, 
p<0.001).

The standard deviations of the tree ring 
chronologies (common period) followed a 

Table 3: Descriptive information on ring width of A. spectabilis by elevation

Sample 
sites (m) N

Ring width (mm) Mean annual 
radial increment 

(%)

Mean annual 
rate of change of 
increment (%)Min Max Ave Std.

2700 44 1.06 3.45 2.07 1.11 2.22 -2.52
2900 40 1.25 3.62 2.27 1.23 5.03 -1.95
3100 39 1.18 4.16 2.21 1.01 2.75 -2.62
3300 41 0.81 2.68 1.70 0.85 2.74 -0.29

Table 4: Statistics of ring width chronologies of A. spectabilis in four elevation sites

Statistics
Elevation sites (m)

2700 2900 3100 3300
Overall period 1845 – 2012 1934 – 2012 1875 – 2012 1857 – 2012

Tree/Series 26/44 23/40 26/39 26/41
MS 0.248 0.172 0.140 0.156
SD 0.248 0.177 0.139 0.151

AC/SC 0.113 0.166 -0.002 0.102
Common period 1961 – 2012 1964 – 2009 1961 – 2010 1941 – 2012

MS 0.209 0.205 0.209 0.227
SD 0.196 0.165 0.189 0.216

AC/SC 0.080 -0.175 -0.014 0.020
Ra 0.371 0.231 0.235 0.283
Rb 0.365 0.224 0.233 0.279
Rw 0.631 0.572 0.310 0.508

SNR 24.140 11.740 11.340 13.830
EPS 0.960 0.922 0.919 0.933

Var. explained 0.397 0.276 0.289 0.340

Note: MS: Mean sensitivity; SD: Standard deviation; AC/SC: Autocorrelation/Serial correlation; Ra: Correlation 
among all series; Rb: Correlation between trees; Rw: correlation within trees; SNR; signal to noise ratio; EPS: 
Expressed population signal.
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similar trend along the elevation gradient as the 
mean sensitivity, i.e. the highest value was found 
at the upper elevation site (3300 m) and the 
lowest value at one of the lower elevation sites  
(2900 m). The first order auto-correlation 
varied greatly between sites. Higher absolute 
levels of auto-correlation were observed at the 

lower elevation sites (2700 and 2900 m) and 
lower levels were found at upper elevation sites  
(3100 m and 3300 m). The mean values of MS, 
SD and AC for the common periods in standard 
chronology were different and the variation of 
these statistics was highly significant among the 
four sites (ANOVA; p<0.001 for all values).  The 

Kharal et al.

Fig. 3: Ring-width chronology of A. spectabilis in four sites along an elevation gradient in Mustang
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values of MS and SD observed for the common 
period indicate that trees at higher elevation sites 
are slightly more sensitive to the climate than 
trees at lower elevation.

Correlation coefficients of ring-widths among 
all trees and between trees were slightly higher 
at 2700 m (~ 0.37) than at the other three sites 
(~ 0.22–0.28). The correlation coefficient within 
tree was high and similar at three sites  
(~ 0.50–0.63) but comparatively lower (~ 0.31) 
at the 3100 m elevation site. Similar correlation 
coefficients have been reported in other tree ring 
studies from the Himalaya region (Sano et al., 
2005; Bhuju et al., 2010; Chhetri and Thapa; 
2010; Gaire et al., 2011; Dawadi et al., 2013; 
Thapa et al., 2013). The Expressed Population 
Signal (EPS) of the chronologies of all four sites 
exceeded the suggested threshold limit of  0.85%, 
indicating that the chronologies developed 
from the available sample size represented the 
site chronologies of the respective elevations 
well (Wigley et al., 1984). Figure 3 depicts the 
distribution pattern of standard chronology in 
four elevation sites in the study area.

Climate-Tree growth relationship

A positive relationship was observed between 
tree growth and May precipitation in all elevation 
sites in the study area (Fig. 4), but the relationship 
was statistically significant only at 3100 m 
(p=0.007) and 3300 m (p=0.011) elevation.
Similarly, correlation between tree growth and 
March precipitation was also positive in three 
elevation sites except 3300 m, whereas in April, 
positive association was only noticed in upper 
most elevation site (3300 m). In most of the 
previous studies in Nepal and India Himalaya, 
pre-monsoon precipitation was also found to 
influence radial growth of the species positively 
and significantly (Sano et al., 2005; Chhetri and 
Thapa, 2010; Gaire et al., 2011; Dawadi et al., 
2013; Thapa et al., 2013; Borgaonkar et al., 1999; 
Pant et al., 2000; Yadav and Singh, 2002; Yadav 
et al., 2004; Borgaonkar et al., 2011; Ahmed et 
al., 2011). Figure 4 further reveals that the ring-
width showed a clear negative relationship with 
the precipitation of the June and July for all 
sites but no such clear and strong association 
were observed during the end of Monsoon. The 
precipitation signal was captured more strongly 
at the higher elevation site (3300 m) than at lower 
elevations (both positive and negative effects).  

However, with regard to winter precipitation the 
relationships were weak and varied between sites. 
This indicates that the winter precipitation does 
not influence tree growth much in our study area. 
Precipitation values of the October, November 
and December were considered from the previous 
year whereas rest of the precipitation values were 
taken from the current growth year.

Note: * = significant at the 5% level; ** = significant at the 
1% level; PY=Previous Year
Fig. 4: Relationship between monthly precipitation 

and tree growth by elevation site

Figure 5 shows the relationship between 
temperature and tree growth in the study area. 
Spring and summer temperatures (March, April, 
May and June) were negatively correlated with 
tree growth at all sites. However, the relationship 
was only significant (p<0.05) in three months of 
the pre-monsoon period (March-May) for the 
upper elevation site (3300 m) and in one month 
(April) for lower-elevation sites (2700–2900 m). 
In the late summer (August) the correlation 
between growth and temperature was only 
significant at the lower boundary of the species 
distribution (2700 m).

Fig. 5: Relationship between temperature and tree 
growth by elevation sites
Note: * = significant at the 5% level; ** = significant at the 
1% level; PY=Previous Year

Pre-monsoon temperature was also found to be 
negatively correlated with growth of trees in 
other parts of the Himalayan range (Sano et al., 
2005; Chhetri and Thapa, 2010; Gaire et al., 
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2011, Dawadi et al., 2013; Thapa et al., 2013; 
Borgaonkar et al., 1999; Pant et al., 2000; Yadav 
et al., 2004; Borgaonkar et al., 2011; Ahmed et 
al., 2011).

Fig. 6: Correlation between monthly precipitation 
and average monthly temperature 
Note: * = significant at the 5% level, ** = significant at the 
1% level

The only cases where temperature was positively 
but non-significantly correlated with growth 
were in the mid-winter (January) and mid-rainy 
seasons (July and August). Immediately this may 
appear peculiar, in as much as we would expect 
high-altitude trees to respond positively to higher 
temperatures, particularly if higher temperatures 
are experienced in spring or late autumn and 
would therefore seem to lead to extension of the 
growth season of the trees. However, a possible 
(partial) reason for the observed pattern is that 
temperature is correlated with precipitation. 
Therefore correlations between monthly 
precipitation and average temperature are 
explored in figure 6. It appears that correlations 
between monthly average temperature and 
monthly precipitation are generally negative 
before and after the monsoon but only significant 
for the months of February and March, implying 
that warm conditions are also comparatively dry 
conditions. This pattern is observed throughout 
the pre-monsoon season in the study area and the 
fact that trees appear to be responding negatively 
to temperature and positively to precipitation in 
the pre-monsoon period thus seems to indicate 
that growth is limited by water availability rather 
than temperature, at least in the pre-monsoon 
period.

Conclusion
In the study area in Mustang the lower and 
upper boundaries of the species distribution 
were characterized by lower radial growth 
rate compared to the mid-range of the species’ 
distribution. The annual rate of change in 

radial growth was found to be smallest at the 
upper elevation site (3300 m). Trees at the 
upper boundary of the species distribution 
were more sensitive to the climatic conditions 
than trees at lower elevation sites (based on the 
common period of the residual chronology). The 
correlations between precipitation and growth 
were in most cases low, and while pre-monsoon 
correlations were positive for higher elevation 
sites, they were only significant in May, and only 
at the two highest-level sites. Spring and summer 
temperature had negative correlation with the tree 
growth in all elevation sites. Negative correlation 
between precipitation and temperature of the pre-
monsoon season revealed that at this time of the 
year the precipitation is the main limiting factor 
for tree growth in all elevation sites.
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Most of the Castanopsis indica forest of Nepal in the midhill region was degraded 
in the recent past especially due to policy conflict between government and local 
users. But after the introduction of community forestry system, these forests 
have been rejuvenated gradually. Therefore, the proportion of the juvenile plants 
in forests is very high and the contribution of juvenile plants on total biomass 
production cannot be overlooked. Therefore this study was carried out to develop 
juvenile biomass models. We measured diameter at 10 cm above ground level 
(D), total height (H), density (ρ) and total biomass (W) of indica juveniles. The 
models were estimated using “library (minpack.lm)” in R. The estimated models 
were evaluated by using numerical fit statistics and graphical analyses. The 
selected model Ŵi = 52.28 (Di

2Hi)
0.89 explained >95% juvenile biomass of indica 

with RSE=42.34g, AIC=406.8 and average deviation=13.26.

Key words: Biomass, Castanopsis indica, juvenile, model, Nepal

Allometric equations for estimating the above-ground 
biomass of Castanopsis indica at juvenile stage

S. K. Bhandari1 and H. Neupane2

Castanopsis indica (Roxb.) Miq. (family 
Fagaceae), commonly known as Indian 
Chestnut,  is a broadleaved evergreen tree 

species of middle hills of Nepal. It is generally 
found in association with Schima wallichii in high 
rainfall area of Annapurna region and eastern 
Nepal. This species is found between 1200 m to 
2900 m above the mean sea level (Jackson, 1994). 
The main stem of this species is commonly used 
as construction timber, leaves as fodder and raw 
materials for local plates, branches as fuelwood 
and fruits as food. Most of the C. indica forest 
of Nepal in the midhill region was degraded in 
the recent past specially due to policy conflict 
between government and local users. But after 
the introduction of community forestry system, 
these forests have been rejuvenated gradually. 
Therefore, the proportion of the juvenile plants 
(defined as a plant ≥30 cm in height and <10 cm 
in stem circumference at 10 cm above ground 
surface (Chaturvedi et al., 2012)) is very high. 
Almost 5% contribution was recorded from 
juvenile stage plants in total biomass production 
(Francis, 2000). Juvenile plants also contribute 
significantly for the protection of land through 
minimization of soil erosion. Therefore, juvenile 
plants play a vital role in maintaining the balance 
in overall ecosystem of forest and cannot 
be overlooked in forest biomass and carbon 
assessment.

The study of size-correlated variations in 
organic form and process in biological sciences 
is traditionally called “allometry” (Greek 
allos,“other” and metron, “measure”) (Niklas, 
1994). The allometric equations can be used to 
estimate the above ground biomass and carbon 
of the particular forest area (Hosoda and Iehara, 
2010; Chaturvedi et al., 2012; Subedi and Sharma, 
2012). However some other direct methods 
(Cutting of plants and weighing of their parts to 
estimate biomass) can also be used to estimate the 
biomass and carbon in a forest stand (Ketterings 
et al., 2001; Basuki et al., 2009). Since the area 
of the forest is large (in most of the cases), the 
estimation of biomass through destructive felling 
is not possible and not beneficial also in all cases. 
Therefore uses of indirect methods such as using 
allometric equations are considered better option 
in comparision to direct methods (Hosoda and 
Iehara, 2010; Chaturvedi et al., 2012; Subedi and 
Sharma, 2012).  

Large sized forest plants have been extensively 
used in biomass estimation and preparation 
of allometric equations (Keith et al., 2000; 
Segura and Kanninen, 2005; Zianis et al., 2005; 
Muukkonen, 2007). But very few studies can be 
found in which small sized plants have been used 
for biomass studies (Wagner and Ter-Mikaelian, 
1999; Geudens et al., 2004; Chaturvedi and 
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Raghubanshi, 2013; Chaturvedi et al., 2012; 
Chapagain et al., 2014). In most of the cases, 
biomass and carbon are estimated by excluding 
the juvenile plants and therefore underestimation 
is also realized. One of the reasons for this is the 
unavailability allometric equations for juvenile 
stage plants. Therefore, it is worthwhile to include 
juvenile plants in biomass studies. Though 
Tamrakar (2000) has developed biomass table 
for C. indica and Shrestha (2013) has developed 
biomass models for large sized C. indica, so far, 
to the authors’ knowledge, no biomass studies 
have been conducted for juveniles of C. indica 
in Nepal. Therefore this study was carried out 
to develop allometric equations for juveniles of 
C. indica which is expected to contribute to the 
carbon trade programs of Nepal in front of the 
international community.

Materials and methods
Study site

This study was carried out in Bhakarjung 
Community Forest of Dhikurpokhari Village 
Development Committee (VDC) of Kaski 
District (Fig. 1) (28o06’ N to 28o36’ N latitude and 
83o40’ E to 84o12’ E longitude) Western Nepal. 
The total forest area in the district is 93,649.85 
ha (46.43%) out of which 65,073.61 ha (69.49%) 
area is covered by Annapurna Conservation 
Area (ACA) and the remaining 28,575.48 ha 
(30.51%) is managed by District Forest Office 
(DFO), Kaski. The altitudinal range of this 
district varies from 490 m to 8091 m from the sea 
level. Its average maximum temperature is 33oC 

and average minimum temperature is 5.6oC and  
the mean annual precipitation is 3,068 mm to 
3,353.3 mm. The forest has been managed as 
community forest. The forest is natural uneven and 
mixed in composition of S. wallichii (Chilaune), 
C. indica (Dhale Katus), Alnus nepalensis (Utis), 
Quercus semecarpifolia (Khasru), Rhododendron 
spp. (Laliguras), Bombax ceiba (Simal) and 
others.

Data collection

The existed variation in the population was 
detected from operational plan of the community 
forest. We selected 39 juveniles of C. indica 
purposively from the whole study area to 
represent existed variation of site, mode of 
origin, density, age and size (Adinugroho and 
Sidiyasa, 2006; Dorado et al., 2006; Edwards Jr 
et al., 2006). Vernier Calliper (precision 1 mm) 
was used to measure diameter of each individual 
juvenile at 10 cm above the ground level by 
following the rules of Chaturvedi and Khanna 
(2011). Similarly, the linear tape (precision 1 cm) 
was used to measure the total length from base to 
tip of the plant after destructive felling. The stem, 
leaves and branches were isolated and weighed 
(precision 0.1g) after felling. Samples for oven 
dry weight was collected from stem, leaves and 
branches and dried at 105oC at the laboratory 
of Institute of Forestry, Pokhara. The volume of 
stem was estimated using the principle of water 
displacement. The descriptive statistics of the 
data used for modeling is given in table 1.

Bhandari and Neupane

Fig.1: Location of study site
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Table 1: Descriptive statistics of the data used for 
modelling
Diameter 

class Variables Mean ± std. error 
(range)

0–1 Diameter (cm) 0.873±0.022  
(0.82-0.96)

Height (m) 1.26±0.073 (0.91-1.4)
Wood density (gcm-3) 0.46±0.045 (0.36-0.60)
Biomass (g) 48.12±4.834  

(34.00-61.43)
Number 6

1–2 Diameter (cm) 1.50±0.051 (1.03-1.92)
Height (m) 2.07±0.096 (1.22-3.01)
Wood density (gcm-3) 0.48±0.007 (0.42-0.54)
Biomass (g) 211.28±19.948  

(54.71-477.91)
Number 26

2–3 Diameter (cm) 2.33±0.090 (2.09-2.73)  
Height (m) 2.47±0.113 (2.04-2.90)
Wood density (gcm-3) 0.46±0.017 (0.39-0.53)
Biomass (g) 570.78 ±46.996  

(481.85-816.63)
Number 7

Overall Diameter (cm) 1.55±0.078 (0.82-2.73)  
Height (m) 2.02.±0.088(0.91-3.01)
Wood density (gcm-3) 0.48±0.008 (0.36-0.60)
Biomass (g) 249.72 ±30.187 

(34-816.63)
Number 39

Data Analysis

Dimensional analysis, the most common method, 
is used to predict individual tree biomass 
(Whittaker and Woodwell, 1968).  This method 
basically depends on the consistency of an 
allometric relationship between plant dimensions 
(usually dbh and/ or height) and biomass for a 
given species, group of species, or growth form. 
The juvenile biomass of C. indica was modeled 
by using diameter alone (D, D2), diameter and 
height combined (DH, D2H), diameter and wood 
density combined (ρD, ρD2) and diameter, height 
and wood density combined (ρDH, ρD2H). 
Juvenile biomass models were designated by 
applying each of the eight independent variables 
and termed first model category for a model with 
D alone, second model category for a model 
with D2 and third model category for a model 
with DH and so on resulting in eight different 
model categories in total and these eight model 
categories consist 13 models of different forms 
(i.e. 8 × 13 = 104 alternative models, see Table 2 
for details).

The least square regression technique was 
used to develop biomass models. The models 
were estimated using “library (minpack.lm)” 
package in which lm (for linear models), nls and 

Table 2: Candidate models considered

Specification Model form References

M1 Wi= β0Xi
β1+εi Huxley and Teissier (1936)

M2 Wi= β0exp(β1Xi)+εi Rizvi et al. (2008)
M3 Wi= β0exp(-β1/Xi)+εi Schumacher (1939)
M4 Wi= β0[1-exp(-β1Xi)]3+εi Bertalanffy (1949)
M5 Wi=β0exp(β1/Xi)+εi Modified after Schumacher (1939)
M6 Wi=β0+β1Xi+β2Xi

2+εi Brown (1997)
M7 Wi=β0+β1Xi

2+εi Sharma (2011)
M8 Wi=β0+β1/Xi+β2Xi

2εi Sharma (2011)
M9 Wi=β0+β1Xi+εi Spurr (1952)
M10 Wi=β0+Xi

β1+εi Subedi and Sharma (2012)
M11 Wi=Xi/(β0+β1Xi)+εi Hosoda and Iehara (2010)
M12 Wi=Xi

2/(β0+β1Xi)+εi Modified after Hosoda and Iehara (2010)
M13 Wi=Xi

2/(β0+β1Xi
2)+εi Modified after Hosoda and Iehara (2010)

Note: Wi = biomass of individual i (g), xi = independent variable for juvenile i  [eight independent variable 
alternatives such as (1) D; (2) D2; (3) DH; (4) D2H; (5) ρD; (6) ρD2; (7) ρDH; and (8) ρD2H], Di = diameter 
(cm); Hi= height (m); ρ= wood density (gcm-3), and b1, b2, b3 = parameters to be estimated, and εi = unexplained 
error.
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nlsLM (for non linear models) commands in R 
(R Core Team, 2012). The models were evaluated 
by applying various criteria such as significance 
of parameter estimates, residual standard error 
(RSE), adjusted coefficient of determination 
(R2adj), Akaike Information Criterion (AIC), 
Average deviation and Graphs of residuals, scaled 
and  quantile-quantile (Q-Q).

Comparing the equations to previously 
published equations

We used model of Chapagain et al. (2014) to the 
current data to compare with the best selected 
model. The allometric equation developed 
by Chapagain et al. (2014) for juvenile of 
Shorea robusta, Acacia catechu and Terminalia 
tomentosa is:

Wi = 49.415+(dia*height)^(1.239-0.033/ 
         (dia*height))   for S. robusta

Wi = 47.904+(dia*height)^(1.239 -0.033/ 
         (dia*height))   for A. catechu

Wi = 50.926+(dia*height)^(1.239-0.033/ 
         (dia*height))    for T. tomentosa

Where Wi is total above ground biomass in gram/
juvenile, dia is the diameter (cm) measured 10 
cm above the ground level and height is the total 
length (m) of plant from ground level to top of the 
juvenile. The equation of Chapagain et al. (2014) 
was constructed from the data collected from 40 
juvenile individual for each species of S. robusta, 
A. catechu and T. tomentosa. The diameters used 
to establish this equation ranged from 0.22 to  
3.17 cm (S. robusta), 0.17 to 3.15 cm (A. catechu) 
and 0.23 to 3.17 cm (T. tomentosa).

Results and discussion
Developing allometric equation

Parameter estimates of 83 models out of 104 
models (8*13=104 models or 13 models in 
each model category, Table 2) were found to be 
significant at 95% confidence interval. This shows 
that 79.8% of the models (83 significant models) 
tested in this study are more likely to be genuine 
and unlikely to have occurred by random chance 
to the data. RSE = 42 g i.e. unexplained error by 
the models was still left unexplained inspite of 
well fitting of the models to the modelling data. 
Table 3 shows the fit statistics and parameter 
estimates of the best models from each model 
category.

M1 from fourth model category, M7 from first 
model category and M9 from second model 
category showed the best fits (smallest RSE, AIC, 
average deviation and largest R2adj) among the 
models. The model M1, appeared in the fourth, 
third, first, first, second, first, first and first rank 
within the models from the first, second, third, 
fourth, fifth, sixth, seventh and eighth model 
category, respectively, which is the most widely 
used model to develop biomass model (Ter-
Mikaelian and Korzukhin, 1997; Sharma, 2011; 
Miksys et al., 2007). From the evaluation of fit 
statistics, M1 seems to be the most accurate and 
precise among the fourth model category and 
followed by the model M7 of the first model 
category, M9 of the second model category, M1 
from the eighth model category, M1 from the third 
model category, M1 from sixth model category, 
M1 from seventh model category and M3 from 
fifth model category. Graphs of model residuals, 
scaled and normal Q-Q were also examined. 

Bhandari and Neupane

Table 3: The value of coefficient and fit statistics of the best model of each model category

Model 
category Model Explanatory 

variable*

Parameter estimates Fit Statistics

β0 β1 R2 adj. RMSE AIC Average 
Deviation (%)

1    M7 D -35.73 109.7 0.9338 49.15 418.43 19.02
2     M9 D2 -35.73 109.7 0.9338 49.15 418.43 19.02
3       M1 DH 40.20 1.45 0.9198 50.08 425.89 15.09
4       M1 D2H 52.28 0.89 0.9508 42.34 406.8 13.26
5     M14 ρD 3137.95 1.94 0.8169 81.73 458.09 24.00
6     M1 ρD2 186.05 1.18 0.9033 59.38 433.17 19.53
7      M1 ρDH 111.11 1.51 0.8407 76.25 452.67 20.57
8       M1 ρD-H 91.11 0.97 0.9310 50.15 420 14.67
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The unstandardized residuals against the fitted 
values with a smooth superimposed curve for model 
M1 from model category fourth, model M7 from 
model category first and model M9 from model 
category second is shown in figure 2. Here we are 
looking for evidence of curvature and outliers. 
The graph of M1 from category fourth shows 
negligible curvature and outliers in comparison 
to remaining two models. Absence of curvature 
in M1 category fourth suggests us the absence of 
local bias in the model. The figure 3 shows the 
square root of the standardized residuals against 
fitted value along with smooth line. Departure 
from horizontal lines signify heteroskedasticity 
contradicting the model assumption “εi have 
constant variance”, (Robinson and Hamann, 
2011) but the model M1 from category fourth 
shows the less heteroskedasticity than other 
models. Similarly, figure 4 shows a Q-Q plot of 
the standardized residuals against the normal 
distribution. Here the ideal plot is a straight line, 
although modest departures from straightness are 
often acceptable (due to large-sample theory). 
Departures from a straight line in this plot 
may indicate non-normality of the residuals or 
non-constant variance, or both (Robinson and 
Hamann, 2011). But in our analysis, we found all 
the points are in a reasonably straight line which 
indicates the normal distribution of residuals.

The independent variable D2H (combination of 
diameter and total height) demonstrated strong 
capacity to predict juvenile biomass in case 

of model M1 from model category fourth in 
comparison to others. Therefore, the following 
model M1 was selected for the estimation of 
juvenile biomass of C. indica from the first stage 
of model development. Here after this selected 
model is referred as M14 for further analysis and 
comparision with previously  published models.

Ŵi = 52.28(Di
2Hi)

0.89 ................................... M14

Comparison of M14 with previously published 
equations

Table 4: The average deviation and AIC values 
of various models

Model Average 
Deviation (%) AIC

M14 13.26 406.8
Chapagain et al. (2014) 
S. robusta 64.85 428

Chapagain et al. (2014) 
A. catechu 65.41 428

Chapagain et al. (2014) 
T. tomentosa 64.29 428

The average deviation for individual trees of the 
model M14 is smaller than that of previously 
published models (Table 4). Similarly, the AIC 
value for the model M14 is also smaller than that 
of previously published models (Table 4). The AIC 
values of the model of Chapagain et al. (2014) 
for all three species is same because of the same 

Fig. 2: Residual vs Fitted value

Fig. 3: Scale location
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form of the model except for the difference in the 
values of intercept and coefficients. When the 
equations of Chapagain et al. (2014) for all three 
species were applied to our data, the predicted 
values were underestimated. This proof can be 
seen from confidence interval (CI) values given 
in table 5. At 95% CI, upper and lower limit of the 
mean biomass from the model of Chapagain et al. 
(2014) for all three species were smaller than the 
observed values. While analyzing the lower and 
upper limit of CI, the model M14 is closer to the 
mean value of the observed biomass (Table 5). 
A possible justification for lower prediction when 
applying the model of Chapagain et al. (2014) 
to the data from this study is the differences in 
the species and their form. Though data for both 
of the studies were collected from Nepal, the 
variation in site and tree form might have some 
role in variation in total biomass.

Apart from this, the analysis of paired sampled 
t-test from table 6 shows that for two tailed at 95% 
confidence interval, the mean of the observed 
data and the proposed model is statistically 
significantly different from the predicted mean 
using the model of Chapagain et al. (2014) for 
all the three species. But there is no statistical 
significant difference between the observed data 
and the model M14. On the other hand the model 
M14 has statistical significant difference with the 

model of Chapagain et al. (2014) for all three 
species.

Table 6:  Paired t-test at 95% confidence 
interval of the mean biomass

Pairs t-statistic Significance 
(Two tailed)

Observed – Chapagain et al. 
2014 (S. robusta) 6.672 0.00

Observed – Chapagain et al. 
2014 (A. catechu) 6.723 0.00

Observed – Chapagain et al. 
2014 (T. tomentosa) 6.621 0.00

M14 – Chapagain et al. 2014 
(S. robusta) 6.923 0.00

M14 – Chapagain et al. 2014  
(A. catechu) 6.977 0.00

M14 – Chapagain et al. 2014 
(T. tomentosa) 6.869 0.00

Observed – M14 0.592 0.558

From the analysis of application of proposed 
models and previously developed models, it 
would be better to consider site specific model 
for precise estimation of forest biomass. Similar 
findings were reported by Basuki et al. (2009), 
Cairns et al. (2003) and Nelson et al. (1999) when 
they applied previously published models to their 
data. In contrast to these results, Chave et al. 

Fig. 4: Normal Quantile-Quantile plot

Table 5:  The confidence interval (CI) of the mean from various models

Parameters Observed M14
Chapagain et 

al. (2014)  
S. robusta

Chapagain et al. 
(2014)  

A. catechu

Chapagain et al. 
(2014)  

T. tomentosa
Mean biomass (g) 252.47 248.48 53.99 52.48 55.50
95% CI Lower limit 
of mean biomass (g) 193.24 192.47 53.08 51.57 54.59

95% CI Upper limit 
of mean biomass (g) 311.70 304.49 54.89 53.38 56.40

The number of 
Juvenile plants 39 39 39 39 39
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(2005) stated that local species specific models 
are not needed; instead, generalized allometric 
relationships can be employed.  The effective way 
might be the grouping of species by broad forest 
types or ecological zones than developing models 
for specific species because the local species 
specific equations do not improve the accuracy 
significantly. The prediction using Chapagain 
et al. (2014) showed that the upper limit of 
prediction is much lower than the observed values 
(Table 5) at 95% confidence interval. The upper 
boundaries of the observed data,  prediction using 
model M14 and prediction using Chapagain et al. 
(2014) are 816.63, 805.82, and 62.28 (S. robusta), 
60.77 (A. catechu) and 63.79 (T. tomentosa) 
respectively. The table 5 paired sampled t-test 
supports the CI mentioned above.  The mean of 
the observed and M14 are significantly higher that 
the mean of the models of Chapagain et al. (2014) 
for all three species. Therefore, from the analysis 
of fit statistics while developing the models and 
comparision of developed model with previously 
published models, the M14 is selected for the 
estimation of above ground biomass of juvenile 
stage plants of C. indica.

Conclusion

The most suitable allometric equation to estimate 
the above ground biomass of juvenile plants 
of C. indica is M14 i.e. Ŵi = 52.28 (Di

2Hi)
0.89. 

This model explained >95% juvenile biomass 
of C. indica with RSE=42.34 g, AIC=406.8 and 
average deviation=13.26. On the other hand, the 
selected model M14 is comparatively closer to 
the observed values than the other models.
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In preparation for participation in funding mechanisms established under the 
United Nations’ framework for reducing emissions from deforestation and forest 
degradation (REDD+), the Government of Nepal has developed a sub-national 
reference level (RL) for the 12 districts of Terai Arc Landscape (TAL) in partnership 
with the WWF-Nepal, WWF-US and Arbonaut Ltd., Finland. The reference level 
was established using LiDAR–Assisted Multisource Programme (LAMP), an 
innovative effort that utilizes existing national forest and survey data, field sampling, 
satellite imagery, and airborne LiDAR data to measure deforestation and forest 
degradation, regrowth and maintenance of forests,  and the resulting emissions 
and sequestration of CO2 in the project districts for the period 1999–2011. This 
effort was designed to create a sub-national RL that meets the highest international 
standards for integrity and transparency and followed closely the guidelines of the 
Methodological Framework (MF) defined by the Forest Carbon Partnership Facility 
(FCPF) at the World Bank and Guidelines defined by Intergovernmental Panel on 
Climate Change (IPCC).The present analysis shows that during the 12-year period 
between 1999 and 2011 a net total of 52,245,991 tons CO2 (tCO2e) was emitted 
from the forest sector in the TAL, an average emission of 4,353,833 tons CO2e per 
year. The results presented here reflect the first iteration of the TAL RL and a major 
milestone in an on-going process that will further refine and improve the RL in the 
months ahead based on external review and input and additional field verification 
and data analysis.

Key words: REDD+, sub national, reference level, LiDAR, satellite data, field  
           plots, LAMP, carbon, Nepal

An accurate REDD+ reference level for Terai Arc 
Landscape, Nepal using LiDAR assisted Multi-source 

Programme (LAMP)
A. R. Joshi1, K. Tegel2, U. Manandhar3, N. Aguilar-Amuchastegui4,E. Dinerstein5,  

A. Eivazi2, L. Gamble4, B. Gautam2, K. Gunia2, M. Gunia2, D. Hall4, J. Hämäläinen2,   
M. Hawkes6, V. Junttila7, S. K. Gautam8, Y. Kandel3, P. Kandel9, T. Kauranne2,  

A. Kolesnikov2, P. Latva-Käyrä2,  S. Lohani4, S. M. Nepal3, J. Niles10, J. Peuhkurinen2, 
G. Powell4, P. Rana2, T. Suihkonen2 and G. J. Thapa3

Greenhouse gas (GHG) emissions 
from tropical deforestation and forest 
degradation contribute about 15–20 % of 

total annual global GHG emissions, making them 
the second largest source globally (IPCC, 2013). To 
reduce especially CO2 (carbon dioxide) emissions 
from the forestry sector, the United Nations has 
established a programme that would provide 
payments for the reduction of emissions from 
deforestation and forest degradation (REDD+). 
REDD+ will provide countries performance-
based payments for reduced emission rates tied to 

an agreed reference level or baseline. The baseline 
reference level (RL) is the estimated amount 
of CO2 that is emitted and sequestered from 
the forest sector in a business-as-usual (BAU) 
scenario. The BAU scenario for emissions must 
be based on historical emissions and, in a limited 
number of cases, adjustments based on national 
circumstances. The guidance on modalities 
relating to development of reference levels (RLs) 
was provided in late 2011 by the UNFCCC. The 
UNFCCC explicitly stated that RLs would be the 
essential metric to assess performance and must 
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be reported in tons of carbon dioxide equivalent 
per year (tCO2e/year).The process to develop 
a RL must be transparent, complete, consistent, 
and verifiable at national and sub-national scales 
(UNFCCC, 2011). The Forest Carbon Partnership 
Facility (FCPF) at the World Bank recently 
published a Methodological Framework (MF) 
to guide development of emission reduction 
programmes. Submitted RLs should be based 
on Intergovernmental Panel on Climate Change 
(IPCC) Good Practice Guidelines for National 
Greenhouse Gas Inventories (IPCC, 2006), which 
provide further guidelines for building country-
level REDD+ readiness activities to gain credits 
for Emission Reductions (FCPF, 2013).  

At its core, the reference level (RL) is calculated 
as Emission Factors multiplied by the Activity 
Datafor change in forest cover (deforestation, 
degradation, regrowth, and enhancement). 
Therefore to generate a RL we need to know 
1) emission factors which is amount of carbon 
emitted or sequestered when the forest class 
changes from one activity to another. To calculate 
emission factor, we first need to know the amount 
of biomass in each forest type and structural class; 
2) activity data which is how muchland changed 
from one structural class to another in a given 
period of time.

Combining remotely sensed data with a forest 
resource inventory data provides practical means 
to generate emission factors (GOFC-GOLD, 
2010). However, no current remote sensing 
system directly measures forest biomass and 
sequestered carbon. Hence, in a joint effort, 
Arbonaut, the Forest Resource Assessment Nepal 
project and WWF carried out a landscape-level 
LiDAR-assisted forest biomass inventory in the 
Terai and Siwaliks region of Nepal in 2011.

In recent years, the high potential of airborne 
LiDAR for REDD-related biomass inventories 
has been well demonstrated (Asner et al., 2009; 
Gautam et al., 2010; Asner et al.,2012; Asner et 
al., 2013; Gautam et al., 2013; Peuhkurinen et 
al., 2013). The LiDAR-Assisted Multi-source 
Programme (LAMP) is a feasible approach to 
carbon accounting that requires LiDAR coverage 
of only a small percentage of the area of interest 
(Sah et al., 2012; Gautam et al., 2010). These 
data can be combined with data from field plots 
and satellite imagery to develop an aboveground 

carbon density map over the entire study area. The 
resulting accurate, high-resolution forest carbon 
baseline together with activity data helps to 
derive RLs and supports forest carbon monitoring 
activities (Meridian Institute, 2011).

Changes in forest conditions and/or land use in the 
past 10 years are necessary to generate Activity 
Data, the second component used to calculate a 
RL. Nepal, like many developing countries, lacks 
regular forest mapping and monitoring required 
for this process.  In absence of these data, remote 
sensing tools analyzing satellite imagery have 
been used to generate historic forest change 
data retro-prospectively (Morton et al., 2011; 
Monteiro and Souza Jr., 2012; Souza Jr. and 
Siqueira, 2013). Thereby yielding the activity 
data required to develop the RL. 

Nepal is one of the first countries to receive 
REDD+ funds from the FCPF to achieve REDD+ 
readiness and has now completed the preparation 
of the final REDD+ readiness document including 
the development of this sub-national baseline 
RL.The purpose of this paper is to summarizethe 
process being utilized for this sub-national 
REDD+ programme in the TAL to develop RL in 
accordance with the IPCC GPG and the FCPF’s 
Methodological Framework. The process is 
documented inmore detail in Nepal’s Emission 
Reductions –Program Idea Note to FCPF Carbon 
Fund (REDD-Cell, 2014).

Materials and methods
Study Area

The study area (Fig. 1) includes 12 districtsof 
the TeraiArc Landscape (23,300 km2),which is 
home for 6.7 million people. TAL is situated in 
the southern part of Nepal, extending from the 
lowlands of the Terai region up to the southern 
slopes of the Himalayas in Churia Hills. The 
altitude in the study area varies from 100 to 2,200 
meters and the area is influenced by subtropical 
climate. About half of the study area is covered 
by subtropical, mainly deciduous forests. The 
dominating forest types are Sal (Shorea robusta), 
Terai mixed hardwood, Khair-Sissoo (Acacia 
catechu/Dalbergia sissoo) and Chirpine (Pinus 
roxburghii). The TAL is one of Nepal’s priority 
landscapes, both for the conservation of its 
biodiversity and the protection of the ecological 
services it provides.

Joshi et al.
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LiDAR data

Airborne discrete-return LiDAR data were 
acquired in 2011 from 20 blocks of size 5 km 
by 10 km, which covers about 5% of the study 
area (Fig. 1). To produce a LiDAR sample that 
reflects the full range of variation in biomass over 
the study area and that covers both common and 
rare forest types, different vegetation types were 
weighted by utilizing the forest classification of 
TAL (Joshi et al., 2003). Probability proportional-
to-size sampling (Sarndal et al., 1992) was used 
to select the areas for LiDAR data collection.

Fig. 1:Study area showing 12 districts inTerai 
Arc Landscape (TAL)and the LiDAR block 
sample

Ground-truth plots for modelling above ground 
biomass (t/ha) and for results validation

The ground-truth plots for modelling were 
sampled in systematic clusters within LiDAR 
blocks. Each LiDAR block contained six clusters 
of eight sample plots each (Fig. 2). In total, tree-
level measurements (diameter, height etc.) were 
conducted in 2011 from 738 circular plots with 
fixed radius of 12.62 meters (500 sq. m.).In 
addition, a set of 46 field plots with a radius of 30 
meters (2826 sq. m.) for independent validation 
were collected in 2013 from 2 LiDAR blocks. For 
both data sets, plot-wise aboveground biomass  
(t/ha) was computed using species group-specific 
volume equations published by Sharma and 
Pukkala (1990).

Fig. 2: LiDAR block with six clusters of eight 
field plots each

Satellite data

Medium-resolution, geo referenced Land sat 
satellite images (USGS, 2012) for the entire study 
area from 1999, 2002, 2006, 2009 and 2011 were 
obtained from the USGS website (http://glovis.
usgs.gov).

Forest cover map

The Government of Nepal (1998) Topographic 
and Land cover, Land Use maps with forest and 
non-forest classes were used as the forest mask 
for each time period between 1999 and 2011.

Forest classification map

The carbon stocks in the forest vary by both 
forest types and forest structures. The forest type 
boundaries were obtained from afield-verified 
forest classification of Terai Arc Landscape 
(TAL) by Joshi et al. (2003). The original classes 
were regrouped into 4 major forest classes: Sal 
forest (S. robusta), Sal dominant mixed forest, 
Riverine forest, and other forest (“other mixed 
forest”). The accuracy assessment for the four 
major forest classes were recomputed with the 
field data collected from 2002 (Olofsson et al., 
2013). It was assumed that forest types are not 
likely to change from one type to another in 10–20 
years but forest condition within each forest type 
(intact, degraded, and deforested) may change 
due to human activity (activity data).

Remote sensing validation data

The Rapid Eye imagery from 2010 was used to 
validate forest cover classification and the MDA 
Information Services LLC Persistent Change 
Monitoring (PCM) global dataset to verify areas 
of change for 2011.
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Forest structural classification

Spectral Matrix Analysis (SMA) uses linear 
mixture models to provide physical representations 
of reflectance in satellite imagery from different 
land surfaces as continuous fields of spectral 
endmember abundance (Small, 2004; Souza Jr. et 
al., 2005). We used ImgTools software developed 
for identifying forest disturbance in Brazilian 
Amazon forests (Souza Jr. et al., 2005; Souza Jr. 
and Siqueira, 2013) to classify forest into structural 
classes. ImgTools has been successfully used for 
studying historical emissions from deforestation 
and forest degradation in Brazil (Morton et al., 
2011; Monteiro and Souza Jr., 2012). 

The pixel reflectance values in satellite imagery 
are often a mixture coming from more than one 
source. For example, one 30 m x 30 m Landsat 
pixel might represent reflectance from both 
vegetation and bare soil. ImgTools decomposes 
this spectral mixture into pure members of each 
signature known as the “endmembers” using 
built-in generic spectral library for Landsat 
imagery and also generates a composite index 
called Normalized Difference Fractional Index 
(NDFI). We looked at the spectral curves of the 
green (photosynthesis) vegetation (GV), Non-
photosynthesis (senescent/dead) vegetation 
(NPV), bare Soil (S), and shade normalized GV 
(GVs) to find natural breaks, and to build threshold 
values to identify intact, degraded and non-
forest areas. These threshold values were used to 
develop a decision tree for classifying forest into 
three structural classes, intact, degraded and non-
forest and generating forest structural map.

Generating a forest types and conditions map

The four forest types in forest classification map 
were overlaid on the forest structural map to 
generate forest types and conditions classes for 
each time period.

LiDAR-to-AGB model

A Sparse Bayesian method was used to develop 
a regression model to estimate above ground 
biomass (t/ha). The model utilizes the relationship 
between LiDAR metrics (Tables 1 and 2) and 
field measured AGB (t/ha) (Junttila et al., 2008; 
Junttila et al., 2010) and achieved a strong 
coefficient of determination (R2) of 0.9 while no 
significant bias was present, as validated against 
the independent field data. Full validation results 

are shown in figure 3 and table 3.

Table 1: Final selection of LiDAR variables for 
predicting above-ground biomass (t/ha) using 
Sparse Bayesian regression

LiDAR 
metrics Description

L1 Height of the 10% percentile for first pulse 
heights

L8 Height of the 80% percentile for first pulse 
heights

L11 Ratio of last pulse points with height 
lower than 1.5 m and the total number of 
last pulse returns

L15 Ratio of last pulse points with height 
lower than 13.5 m and the total number of 
last pulse returns

L16 Ratio of last pulse points with height 
lower than 16.5 m and the total number of 
last pulse returns

L27 Mean of the largest three heights within 
first pulse returns

L29 The ratio of first pulse points under 5 m 
and all first pulse returns

Table 2: Coefficients of the linear model for 
predicting above-ground biomass (t/ha) from 
LiDAR variables

Model parameter Coefficient
Intercept 288.936
L1 8.808
L8 2.157
L11 149.906
L15 -237.074
L16 -116.254
L27 1.802
L29 -105.539
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Fig. 3: Validation of LiDAR model estimates  
(t/ha) against independent field data with  
30 meters radius

Table 3: Statistics for the LiDAR estimates of 
above-ground biomass (t/ha) validated against 
independent field data with 30 meters radius

Standard deviation of estimates 103.1
Standard deviation of reference plots 108.5
Mean of reference plots 180.4
Mean of estimates 183.3
RMSE 34.5
Relative RMSE (%) 19.1
Bias 2.9
Relative bias (%) 1.6
R2 0.9

LiDAR-Assisted Multi-source Programme 
(LAMP) Estimation for calculating above 
ground biomass (t/ha) for different forest types 
and conditions

The forest types and conditions map from 2011 
was overlaid on all LiDAR blocks. In the next 
step, nearly 1,000 forest type and condition-
specific “surrogate plots” (simulated field plots) 
of 1-hectare size were randomly generated inside 
the forest mask within LiDAR blocks, and above 
ground biomass was predicted for them using 
regression model based on LiDAR features. 
If a surrogate plot has multiple forest type and 
condition classes, then weighted average mean 
for only the dominant class was recorded (Table 
4). The mean biomass values calculated from 
LiDAR area for each forest condition bytype were 
applied for respective classes in the classified 
satellite imagery, to map biomass over the whole 
study area.

Table 4: Forest type and condition-specific statistics 
for above-ground biomass (t/ha) from surrogate 
plots of size 1 ha

Class
No. of 
Surro 
gates

Mean Min Max StD

1. Sal intact 988 235.6 20.4 509.5 84.1
2. Sal degraded 969 173.2 0.0 425.3 72.9
3. Salmix intact 966 183.2 0.0 556.9 84.7
4. Salmix degraded 946 146.4 0.0 539.6 106.2
5. Othermix intact 985 186.1 5.5 479.5 94.0

6. Othermix degraded 943 143.2 0.4 461.6 86.8
7. Riverine intact 934 171.1 0.0 405.5 46.8
8. Riverine degraded 979 99.4 0.0 505.6 57.9

Time series analysis – generation of activity 
data

To delineate areas of deforestation, degradation 
and regeneration, we completed a time-series 
analysis of forest change for the project districts 
on TAL for four time periods, 1999–2002, 2002–
2006, 2006–2009 and 2009–2011, using the 
classified satellite images (structural classes) in 
ERDAS Imagine to produce a change matrix at 
pixel level. This resulted in a 25-class matrix for 
the first set of image pairs, time periods T1 and 
T2. Any forested area under the cloud and cloud 
shadow (cloud/shadow class) was considered 
as unchanged between the two periods for the 
purpose of this study. Likewise areas remaining 
in same classes between the two periods were 
also considered unchanged. The change classes 
derived from the change matrix are listed below 
(Table 5) as Deforestation 1-3, Degradation, and 
Regeneration 1-3.

Table 5: New classes derived from the change 
matrix

Change Matrix Change Class
Intact forest to non-forest Deforestation 1

Intact forest to degraded forest Degradation

Degraded forest to non-forest Deforestation 2

Non-forest to dense regenerating 
forest

Regeneration 1

Non-forest to sparse regenerating 
forest

Regeneration 2

Degraded forest to regenerating 
forest

Regeneration 3

Regeneration forest to non-forest Deforestation 3
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For the subsequent time-series analysis the base 
classified image for that series (time T1) was 
adjusted to reflect changes in the previous time 
period; for example change classes derived in 
table 5 as a change between T1 and T2 were 
delineated and re-coded in the T2 scene. All 
three types of deforestation were merged into one 
deforestation class because they represent areas 
going from forest to non-forest. Therefore, each 
base image potentially has nine classes: Intact 
Forest, Degraded Forest, Non-forest, Water, 
Cloud/Shadow, Deforestation, and Regeneration 
1–3. The change analysis between 2002 and 2006 
resulted in a 45-class change matrix with nine 
classes (described above) representing actual 
change in forest conditions. These nine change 
classes were adjusted in the base image (2006) 
for analyzing time series 2006 to 2009. The same 
process was repeated for 2009 to 2011 series. 
The areas under each activity (Deforestation 1–3, 
Degradation, and Regeneration 1–3) for each 
time series analysis were used to generate activity 
data. Activities Regeneration 1–3 were combined 
to a single Regeneration activity because all 
these activities were differentiated only based 
on activities in the previous time period that 
resulted in regeneration in the current period, thus 
their growth rates and mean carbon content are 
assumed to be same.

Calculation of emission factors

The emission factors for each forest type and 
condition were calculated multiplying the AGB 
(t/ha) by 47% (Table 6), as consistent with GPG 
(Chapter 4, Table 4.4, IPCC, 2006). When the 
forest changed from intact or degraded forest 
to deforestation all carbon was assumed to be 
released. But when forest wentfrom intact to 
degraded the difference in the mean carbon 
contents between intact and degraded forest was 
assumed to be emitted. Emissions factors were 
derived by calculating the difference between the 
carbon and CO2e values in table 6 to reflect the 
loss of carbon or amount of emissions when land 
area containing various forest types transitions 
from one structure to another. For the emission 
factors for regeneration forest changing to 
deforestation or degradation, and sequestrations 
due to regeneration we used the IPCC default 
value of 6.0 tons of dry biomass per hectare per 
year,which equals to 2.82 tC/ha/yr (IPCC, 2006, 
Volume 4, Table 4.9). The below ground biomass 
was estimated as 20% of above ground biomass 
(IPCC, 2006).

Table 6: The mean Emission Factors and CO2e 
values for different forest types and conditions

Forest type and 
Condition

C and CO2e Values
tC/ha tCO2e/ha

Sal intact 110.7 406.0
Sal degraded 81.4 298.5
Salmixed intact 86.1 315.7
Salmix degraded 68.8 252.3
Othermix intact 87.4 320.7
Othermix degraded 67.3 246.8
Riverine intact 80.4 294.9
Riverine degraded 46.7 171.3

Generating Reference Level (RL)

The RL is generated by multiplying areas changed 
under each activity by the appropriate emission 
factor.

RL = Activity data × Emission factors

The amount of CO2 released due to loss of 
forest carbon resulting from deforestation and 
degradation is termed as gross emissions while 
intake of CO2 by growing plants during forest 
regeneration is called sequestration. Therefore, 
net carbon loss is equal to gross emissions minus 
sequestrations. The reference level (RL) for TAL 
is based on net carbon accounting process.

Following formula was used to calculate RL for 
each forest type in TAL.

Reference Level =
∑Emdef1+∑Emdef2+∑Emdef3+∑Emdeg– ∑Seqreg

y

Where,
∑Emdef1 is the sum of emissions from deforestation 
of intact forest over “y” years, 
∑Emdef2 is the sum of emissions from deforestation 
of degraded forest over “y” years, 
∑Emdef3 is the sum of emissions from deforestation 
of regenerated forest over “y” years, 
∑Emdeg is the sum of emissions from degradation 
over “y” years,
∑Seqreg is the sum of sequestrations from 
regeneration over “y” years.

Results and discussion
Reference Level (RL)

The RL analysis shows that during the 12-year 
period between 1999 and 2011 a net total of 
52,245,991 tons CO2 (tCO2e) was emitted from 
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the forest sector in the TAL, an average emission 
of 4,353,833 tons CO2e per year (Table 7). In the 
period 2006–2011, emissions averaged 6,879,686 
tCO2e per year, an increase of 58% over the 
12-year average, and in the period 2009–2011, 
emissions increased even more dramatically, 
averaging 11,412,396 tCO2e per year or 162% 
higher than the 12-year average (Fig. 4).
Table 7: Forest-related CO2 emissions in TAL 
between 1999 and 2011

Period
CO2 Emissions (tCO2e)

Above-
ground

Below-
ground Total

1999–2002 13,136,430 2,627,286 15,763,716
2002–2006 1,736,537 347,307 2,083,845
2006–2009 9,644,698 1,928,940 11,573,637
2009–2011 19,020,661 3,804,132 22,824,793
Total 12-yr 43,538,325 8,707,665 52,245,991
Average 
annual 3,628,193.79 725,639 4,353,833

Fig. 4: Average annual net CO2 emissions (tCO2e)  
in TAL between 1999 and 2011

Accuracy assessments, errors and uncertainties
Accuracy assessment for emission factors

A non-stratified regression model was used to 
generate LiDAR-based biomass estimates for all 
forest classes. Thus, the within-class uncertainty 
in predictions was considered by calculating the 
mean error of an estimator ME (θ) for each class. 
The ME (θ) assesses the quality of an estimator in 
terms of its variation and unbiasness (Moore and 
McCabe, 2001). It 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)                Eq.1

Spatial scaling of error measures

Scaling of the mean error by size of estimation area 
decreases the error associated with corresponding 
average AGB (t/ha). In order to reveal maximum 
level of error for each forest type and condition 
class, the mean error was spatially scaled up to 
the area thateach class had on the LiDAR blocks 
(Table 8). Bias was calculated from 738 field 
verified plots for classes intact and degraded and 
assumed to be close to each other between the 
four forest types.

Monte Carlo analysis of the Emission Factors 
prediction errors

We ran a Monte Carlo analysis for accuracy of 
Emission Factor estimation. The estimation 
process starts from the field measurements and 
then proceeds on to the LiDAR model that is built 
upon them. For the combined error of both field 
measurements and LiDAR model construction we 
can use cross-validation. By cross-validation, we 
obtain an empirical distribution of the combined 
LiDAR model, plot measurement and field 
sampling error that can be used as the starting point 
of the Monte Carlo analysis for Emission Factor 
errors. Thisprio rerror distribution was estimated 

Table 8: Confidence intervals (CI) and Mean error (ME) of LiDAR-estimated mean AGB(t/ha) for each 
forest type and condition class on the minimum area of each class on 5 km x 10 km LiDAR blocks

Class Mean AGB, 
(t/ha)

Area on 
blocks (ha)

CI, AGB 
(t/ha)

CI, % of the 
mean AGB (t/ha)

ME, AGB  
(t/ha)

Sal intact 235.6 36549 0.14 0.06 6.36
Sal degraded 173.2 1661 0.65 0.37 4.01
Sal mixed intact 183.2 11074 0.25 0.14 6.36
Sal mixed degraded 146.4 946 0.86 0.58 4.02
Other mixed intact 186.1 1129 0.78 0.42 6.37
Other mixed degraded 143.2 125 2.35 1.64 4.18
Riverine intact 171.1 478 1.20 0.70 6.39
Riverine degraded 99.4 58 3.46 3.48 4.37
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by randomly simulating 1,000 sub-samples of 
size 538 field plots from 738 field measurements. 
Each sub-sample was used to create a LiDAR-to-
AGB model and the results were cross-validated 
with the remaining 200 field plots. A new model 
was created each time. Thus, we obtained 1000 
× 200 predicted plots, from which the plot level 
residual distribution and mean statistics could be 
estimated (Fig. 5 and 6, and Table 9).

Table 9: Mean statistics for the simulated 
LiDAR estimates of aboveground biomass  
(t/ha), the results are validated with iterative 
cross-validation.

Standard deviation of estimates(t/ha) 113.08

Standard deviation of reference plots(t/ha) 143.0

Mean of estimates(t/ha) 189.8

Mean of reference plots(t/ha) 188.98

RMSE(t/ha) 89.5

Relative RMSE (%) 47.0

Bias(t/ha) 0.82

Relative bias (%) 0.00

R2 0.61

Adj. R2 0.61

Fig. 5: Above-ground biomass (t/ha) from field 
data against the simulated LiDAR– estimates

Fig. 6: Residual histogram of 1000 simulations 
with random training set of 538 plots

Accounting for stratification error in forest 
conditions

Stratification error was evaluated at regional level 
only. The histograms of AGB(t/ha) estimations 
were scaled into spatially larger units in order 
to establish a level of spatial resolution for 
each forest type where the two forest condition 
classes, intact and degraded, could be confidently 
separated.

By using the scaled plot biomass values the 
histograms get narrower the higher the spatial 
scale is. The point where the histograms 
are not overlapping indicates a spatial scale 
where condition classes can be separated with 
confidence. At initial level of 1 hectare, the 
distribution of intact and degraded forest overlap 
heavily but cease to overlap at the level of 70 
hectares and larger (Fig. 7). This means that RL 
results are confident at district level.
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Fig. 7: Histograms of estimated AGB (t/ha) 
for two forest condition classes at different 
spatial scales. The mean biomass of each  

class is indicated with a circle.

Accuracy Assessment of Activity Data

The accuracy assessment of activity data is 
limited to the last time period (2009–2011) due to 
lack of affordable reference data for previous time 
periods. The first accuracy assessment was done 
by dividing the activity data classes into polygons 
of size 5 hectares or larger. For each activity: 
intact, deforested, degraded, and regenerated 
areas, 5% of the polygons were chosen using a 
random function. These polygons were visually 
interpreted against high-resolution satellite 
scenes. The accuracy assessment accounts for 
the proportion of each category based on mapped 
area as per referenced data (Olofsson et al., 2013). 

Conclusion

The technical process we used in developing 
RL for a sub-national REDD+ program, TAL in 
Nepal demonstrates that historical deforestation 
and degradation rates can be generated retro-
prospectively, even in countries lacking regular 
forest monitoring data, to develop a creditable 
RL that is reliable and transparent. The RL for 
the TAL has been subjected to rigorous review 
and accuracy assessment, and the results are 
highly reliable for reporting carbon flux at scales 
above 70 ha. In the TAL, the RL provides highly 
accurate estimates of historical carbon emissions 
for the 12 administrative districts and will enable 
stakeholders in Nepal to better target interventions 
to curb deforestation and forest degradation. The 
RL provides a stark view of an alarming trend of 

increasing deforestation and forest degradation 
in the TAL, particularly in recent years, and this 
understanding can provide a strong foundation 
for mobilizing appropriate and effective actions 
to halt and reverse this trend and for monitoring 
the success of these actions in the future.
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This study aims to estimate above-ground phytomass and carbon of TROF 
ecosystem in part of Bijnor district in Uttar Pradesh state of India using IRS P6 LISS-
IV satellite image by geo-spatial approach coupled with field sampling. Chacko’s 
formula was referred to compute number of samples in each TROF types and the 
sample plot size in each stratum was adopted from Vegetation Carbon Project 
(VCP) under National Carbon Project (NCP). With the help of field data consisting 
mainly the height and girth information, volume of each individual tree per plot was 
obtained using site and tree species-specific standard volumetric equations. The 
phytomass was calculated by multiplying volume with Biomass Expansion Factor 
(BEF) then with regional specific gravity of the individual species and summed 
up in each plot to get total phytomass per plot. The total phytomass per plot was 
reported to be maximum 544.00 t/ha for linear TROF followed by 121.89 t/ha for 
block TROF. The carbon from phytomass was obtained by multiplying the total 
phytomass by a conversion factor that represents the average carbon content 
in phytomass. Spectral modeling for phytomass with different bands and indices 
were established and the best fit curve (R2 = 0.552) with red band was applied to 
generate phytomass and carbon distribution map of the study area.

Key words: TROF, sampling, geospatial, phytomass, carbon

Estimation of above-ground phytomass and carbon in 
tree resources outside the forest (TROF): A geo-spatial 

approach                       

B. P. Heyojoo1 and S. Nandy2

Global warming has been common topic 
widely talked everywhere and it is reality. 
Its impact to all forms of life is inevitable. 

Scientists have estimated that the average global 
temperature is likely to rise by 1.4 to 5.8oC 
(UNFCCC, 1998). Increasing green house gases 
(GHGs) particularly CO2 in atmosphere has 
alerted scientist community to think over different 
solutions to lower it. Inter-governmental Panel on 
Climate Change (IPCC) estimates that the level 
of CO2 in the atmosphere today is 31% higher 
than what it was about 250 years back, at the time 
of the start of industrial revolution and expected 
to rise 90 to 250% over pre-industrial.

The beauty of forest is that it provides significant 
sink for carbon in addition to providing economic, 
ecological and socio cultural values. The world’s 
forests and forest soils currently store more 
carbon than entire atmosphere (FAO, 2006). It 
is therefore carbon management through forest 

will probably be the important agenda in the 
context of GHG effect and mitigation of global 
climate change. The global initiative of REDD, 
REDD+ by the United Nation (UN) is collective 
effort to lower the CO2 by reducing deforestation 
in developing countries.  The Kyoto Protocol to 
the United Nation Framework Convention on 
Climate Change (UNFCCC) requires that member 
countries reduce their human–induced emission of 
CO2 by at least 5% below their emission levels of 
1990 and allows carbon emission to be balanced 
by carbon sinks represented by vegetation by 
2008-2012 (UNFCCC, 1998). 

Although the contribution of tree outside forest 
(TROF) has been appreciated, little is known 
about the resources itself  (FAO, 2006). In India, 
TROFs are an important source of wood, other 
products and environmental services. Such trees 
include roadside plantings, woodlots, scattered 
trees in the landscape, trees in fields, home 

1 Department of Forest Products and Engineering, Institute of Forestry, Pokhara Campus, Nepal, Email: bheyojoo@hotmail.com
2 Forestry and Ecology Division, IIRS, Dehradun-248001, India

34



Banko Janakari, Vol. 24, No. 1

35

gardens and orchards. Furthermore, about 80% of 
the requirements of the wood-based industries are 
met from TROFs (Chave et al., 2004). Depending 
on prevalent land-use patterns and ecological 
and economic landscape attributes, TROFs also 
play a role in carbon sequestration, biodiversity 
conservation, pollution control and erosion 
control. 

TROF is a dynamic resource and its assessment 
over large areas, in a relatively shorter period, 
necessitates use of remote sensing (RS) and 
geographic information system (GIS). The needs 
for reporting carbon stocks and stock changes 
under the Kyoto Protocol have placed additional 
demands for accurate surveying methods that are 
verifiable, specific in time and space, and that 
cover large areas at acceptable cost (Dadhwal 
et al., 2009). So, accurate estimation of TROF 
biomass is also required for GHG inventories and 
terrestrial carbon accounting at local to regional 
scale. In this regard RS especially high spatial 
resolution satellite imagery has opened effective 
way to estimate TROF biomass and carbon 
content.

Phytomass and carbon assessment for TROF have 
been carried out based on different methodologies 
for different purpose over last three decades 
(Adhikari, 2005). Tree pattern in TROF is linear, 
scatter and block. TROF have relatively low 
density that makes assessment by conventional 
methods costly and time-consuming. The very 
high resolution satellite image is best for TROF 
assessment, however for large area it is cost 
prohibitive (Chave et al., 2004). Similarly low 
resolution satellite image owing to minimum 
mappable area has scale limitation to accurate 
TROF mapping. Based on the above discussion, 
it is imperative to explore different methods on 
assessment of phytomass and carbon on TROF 
ecosystem. The present study is one of such 
attempt using geo-spatial approach to assess 
the above-ground phytomass and carbon using 
moderate spatial resolution IRS P6 LISS-IV 
satellite image coupled with field sampling.

Materials and methods
Study area                                                      

The study area lies between geo coordinates 29o 
21’00” to 29o 37’00” N and 77o 59’30” to 78o 
11’30” E on Bijnor district of UP state of India 
covering 385 km2 geographical area. The Ganga 

River having significantly rich biodiversity and 
religious importance passes through the western 
part of the study area flowing north to south as 
shown in figure 1. The area, dominantly agrarian, 
is falling in Tarai Bhabar agro-climatic region and 
is suitable for large scale production of fruits like 
mango, guava and papaya, vegetables (tropical  
and subtropical vegetables) and flowers  
(gladiolus, roses, tube rose). Nearly 75% of the 
people are dependent on it. Of the total area 
of 38,500 ha, net cultivated area is 33,100 ha 
forming 86% of the total area. The area with plain 
topography has no forest but includes reasonable 
size of TROF. TROFs are an important source 
of wood, fuel and fodder, other products and 
environmental services in the area. Such trees 
include roadside plantings, woodlots, scattered 
trees in the landscape, trees in fields, home gardens 
and orchards. Dalbergia sissoo, Eucalyptus spp, 
Terminalia arjuna, Mangifera indica, Syzygium 
cumini, Terminalia rebecca, etc. are major plant 
species in the study area.

Fig. 1: Study area

Data, tools and software used

The study utilized remote sensing data, ancillary 
data and extensive field data.The multi-spectral 
high spatial resolution data of IRS-P6 LISS-IV 
sensor was procured from the National Remote 
Sensing Agency (NRSA), Hyderabad in a digital 
form (Fig. 2). The IRS-LISS-IV sensor uses a 
CCD-linear push broom scanning system and 
provides data in three spectral bands: green, red 
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and near-infrared with a resolution of 5.8 m. The 
reason to select the LISS-IV data is mainly due to 
its high spatial resolution characteristics, which 
generally portrays more natural representations 
of objects that assist to map TROF from  this data. 
It can also be used to demarcate small patches of 
TROF along the agricultural plots easily with 
the supplement of logical rule and interpretation 
keys. The present study carried out the analysis of 
the available single scene of IRS-P6 LISS-IV for 
the Bijnor district mainly due to limited satellite 
swath and to avoid the merging of different 
temporal datasets. Pre-processing and geo-
referencing of procured satellite data was done 
in Erdas Imagine 9.2 software where ArcGIS 9.2 
was used for creating and merging the spatial 
and non-spatial database. The well defined and 
evenly distributed Ground Control Points (GCP) 
from the field and topo sheets have been used for 
the geo-referencing of the raw image. It helped 
to achieve the RMS error of 0.378, which comes 
within a pixel. The ancillary datasets such as 
topographical map (sheet number 53K/2, 53K/3, 
53G/14 and 53G/15) , Google Image of 0.50 m 
spatial resolution of the study area acquired on  
April 18, 2010 downloaded from the internet 
using CGUTIL tools were  substantially used for 
visual interpretation. Extensive field work was 
conducted to collect sampled plot data on species 

types, number of tress, their diameter and GPS 
coordinates of the sample plot.  Among other 
secondary data used in the study includes, digital 
boundary map of the Bijnor District. Historical 
data of the study area available from state 
government department website (www.bijnor.
nic.in, www.forest.up.nic.in, www.ict.agri.net.in) 
was also referred in the study.

Research approach

The whole research was completed through 
three different steps as pre-field work, field work 
and post-field work following the conceptual 
framework (Fig. 3). The pre-field work 
included preprocessing of satellite data, visual 
interpretation for TROF classification map. 
The field work included the sampling inventory 
for all types of TROF and the post-field work 
comprised of processing of field data, spectral 
reflectance analysis for developing relationship 
with phytomass and satellite parameter.
 

Radiometric and Geometric correction 

Satellite data 
(IRS P6 LISS -IV, March 2010) 

Classified map 

Linear Scattered Block 

TROF 

Google Image 

Visual interpretation/Editing 

Statistical 
model/regression 

Phytomass & carbon map 

Phytomass/carbon density 

TROF Linear TROF Block TROF 
Scattered 

Field Sampling/Observation 

Ancillary data (Topo-sheet/FCC 
image/Google) 

Volume  

Sampling 

Phytomass  

Specific 
gravity  

Volume eqn.  

Fig. 3: Conceptual methodological framework

Image rectification, interpretation and TROF 
classification

Image to image registration was carried out 
using georeferenced geotiff image of Landsat 
ETM+ of study area as a master image. Well 
distributed ground points were chosen throughout 
the imagery and resampling of the image was 
done using first order polynomials and nearest 
neighborhood algorithm in ERDAS Imagine 
software. Image registration was carried out with 
UTM 44 N projection, WGS 84 spheroid and 
WGS 84 datum.  Radiometric correction was 
applied for radiometric defects and improving 

Fig. 2: IRS P6 LISS-IV, 16 March, 2010
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visual impact of false color composites (FCC). 
After geometric and radiometric corrections and 
image to image co-registration, the area of interest 
(AOI) i.e. part of Bijnor taluk was extracted by 
overlaying the digitized boundary shape file of 
the study area. The LISS IV satellite image was 
visually interpreted to segregate in different land-
use/land cover map of the study area. Standard 
methodology using image key elements such 
as tone, texture, shape, association, etc were 
used for visual interpretation in Arc GIS 9.3. 
Reconnaissance field visit and high resolution 
satellite images download from Google Earth 
became great help in visual interpretation for 
different types of TROF mapping of the area.

Sampling design

Non-destructive stratified random sampling 
approach was adopted in different TROF strata 
produced from the satellite image. A grid of  
2 km × 2 km was overlaid on the topo sheets of the 
study area. The sampling frames for all types of 
TROF were defined based on the grids containing 
particular TROF types under the study. The 
sample size by Chacko’s formula (Chacko, 1964) 
was computed based on pilot survey measurement 
of the variance of tree number per plot (250 m ×  
250 m) for six spatially distributed plots. The thirty 
samples obtained from the formula was adopted 
for all TROF types and randomly distributed by 
using random table (Page 18/26, random table 
by Tippett). All together 90 plots were laid in 
the field with 30 of 250 m × 250 m for scattered 
TROF, 30 of 32 m × 32 m for block TROF and 30 
of 50 m × width of linear feature TROF (Fig. 4).

Garmin 12 channel GPS was used for recording 
coordinates in the middle of all the sampled plots. 
Detailed data like enumeration of trees, tree 
species name, average tree height, circumference 
at breast height (CBH) and altitude were collected 
from the sample plots.

Organization of field data and phytomass and 
carbon estimation

The entire field database was organized in MS 
Excel. The necessary parameters like volume 
equation, specific gravity, conversion factors etc. 
were added in database for further processing. 
Species and site specific volume equations and 
specific gravity for respective tree species were 
noted from literature mainly the publication of 
FSI (1996) and Forest Research Institute (FRI). 

General volume equation of same region was 
used for tree whose volume equations were not 
available. The volumes of individual tree were 
summed up to compute volume per hectare in all 
types of TROF.

Fig. 4: Sample plot location

Regression analysis and spectral modeling

The plot wise total phytomass with its spatial 
location taken by GPS readings during the 
fieldwork were co-related with different 
parameters of LISS-IV data such as individual 
bands pixel value, NDVI, VI to establish best fit 
equation. Radiometric correction of the image 
was carried out by dark pixel subtraction method 
before regression analysis. The regression 
equation showing highest R2 was used to predict 
the phytomass and carbon of the study area. 
About one third of sample data collected in the 
field was used to test the performance of the 
best fit regression equation by coefficient of 
determination (R2) and root mean square error 
(RMSE) calculation.

Results and discussion
Landuse and land cover map

The LULC map of the study area included 
agriculture containing scattered TROF, linear 
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TROF, block TROF, settlement, river and water 
body classes (Fig. 5).The young plantation 
along linear TROF having crown size less than 
minimum mappable unit and dry deciduous tree 
mostly dominated by Populus deltoides could 
not be mapped due to low spatial resolution and 
season of the data available.

Fig. 5: LULC of the study area

Tree statistics and carbon estimation in 
different TROF

The study found wide variation in terms of 
number, diameter size of trees in block and 
linear types (Table 1) whereas number of trees 
in scattered was nearly same. The number of 
trees/ha in linear pattern was varying from 240 to 
2680 and that in block plantation was from 160 
to 2560. The diversity of tree species was high 
in linear than that of block types. The number as 
well as diameter sizes of tree in linear TROF are 
high followed by Block TROF. The trees planted 
along the road side and railways are found to be 
matured and dense as well. M. indica is primarily 
dominant followed by E. spp. in block plantation 
and E. spp. is dominant followed by mixed 
species.

The calculations indicates high value in linear 
followed by block and scattered type (Fig. 6). It 
is however the total volume for block type is high 
in the study area followed by linear and scatter 
types.

(A)

(B)
Fig. 6: Phytomass and carbon per hectare 

TROF wise (A) Share of total pytomass and 
carbon in the study area (B)

Phytomass (plant biomass) has direct relationship 
with amount of carbon present in that plant 
biomass. Westlake (1963) has observed that 
there is 47% carbon present in dry plant biomass, 
while Intergovernmental IPCC reported that 
the carbon present in plant biomass is 45% of it 
(IPCC, 1995). Based on the results of different 
studies related to estimation of carbon in wood, 
it was observed that carbon varies between 45% 
to 50% for different ecosystems and thus 47.00% 
carbon has been considered for deriving carbon 
estimation.
Spectral modeling

The attempt made in this study showed possibility 
of using spectral response-based models for 
biomass estimation. GPS readings taken during 
the field work at each sample plot were fed into 

Table 1: Statistical table of tree and carbon information in different TROF types

TROF 
types

Number of 
trees/ha

Avg. dia. 
(m)

Min dia.   
(m)

Max dia. 
(m)

Average 
growing 

stock (t/ha)

Average 
phytomass 

(t/ha)

Average 
carbon  
(t/ha)

Block 160–2560 0.20 0.08 0.90 208.57 121.89 58.51

Linear 240–2680 0.34 0.10 1.21 958.84 544.00 261.12

Scattered 0–12 0.24 0.08 1.17 0.54 16.48 7.91
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Excel file and later the file was converted into dbf 
format to generate point shape file. This shape file 
was overlaid to individual band images, NDVI 
image, VI image to extract pixel level phytomass. 
The regression based models with DN value of 
all individual bands, NDVI, VI were established 
for 1×1 window and 5×5 windows. The various 
types of equations were tried to find out the 
best suitable correlation for the given data set 
i.e. linear, logarithmic, exponential and power. 
Initially, about 70% of the sample plots were 
taken for generating the equations but the co-
relation was not good. Hence some outlier plots 
yielding poor co-relation value were removed and 
the equations were re-established.

The model based on red band with biomass was 
found to be strongest with the co-relation value 
(R2) of 0.552 (Fig. 7). The phytomass of the 
whole study area has been calculated by the linear 
equation as follow;

y = 19.12x + (-752.9)
m = 19.12
c = -752.9
x = input red band

 

Green band vs Phytomass Red band vs Phytomass 

NIR vs Phytomass 

Fig. 7: Regression analysis phytomass with 
different bands

Phytomass and carbon distribution map

Based on the best model derived from spectral 
modeling between red band and biomass, the 
phytomass (Fig. 8A) and carbon map (Fig. 8B) 
of linear and block TROF of the study area were 
generated by masking  the riverbed, settlement 
and waterbody classes. The range of phytomass 
and carbon in the study area ranges dominantly 
200–400 t/ha and 100–200 t/ha respectively. 
The model has correctly predicted large value 
of phytomass and carbon along the linear type 
TROF followed by block type.

Fig. 8: Phytomass ( A) and Carbon (B) distribution map of the study area
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Conclusion

The roles and impacts of biomass on carbon cycles, 
soil nutrient allocations, fuel accumulation, and 
habitat environments in terrestrial ecosystems 
have long been recognized. The significance of 
TROF resources particularly like in the study area 
where no forest exists, becomes high to provide 
economical, ecological and social service. This 
study to estimate above ground phytomass and 
carbon in TROF ecosystem using combined 
geo-spatial approach and ground sampling using 
moderate spatial resolution satellite data is one 
of the few conducted so far. The integration of 
remote sensing techniques with ground surveys 
will provide wide area coverage in shorter time 
spans saving costs. The method can be effectively 
employed using multi spectral and high-resolution 
satellite imageries to stratify the TROF resources 
in such a way that the classification system of 
TROF resource remains valid. It is however 
felt that it may not be possible to altogether 
eliminate ground based data collection looking at 
information requirements of TROF assessments.  
It is noteworthy that remote sensing-based AGB 
estimation is a complex procedure in which many 
factors such as atmospheric conditions, mixed 
pixels, data saturation, complex biophysical 
environments, insufficient sample data, extracted 
remote sensing variables, and the selected 
algorithms, may interactively affect AGB 
estimation. 

The empirical models with satellite measured 
spectral response and biomass indicate that 
there is a moderate relationship with spectral 
responses. These relationships have seasonal 
dependency in varying phonological conditions. 
The relationship is strongest in red band and 
poor with vegetation indices. This is attributed to 
season of data. In addition to that LISS-IV data, 
having relatively low spectral resolution, has little 
options to establish robust model as using higher 
wavelength band like middle infrared bands. 
This could be more reliable as compared to the 
visible bands as the later spectral regions are less 
sensitive to atmospheric changes.
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The study aimed at assessing the nutrient status of rangeland in upper Mustang. 
The assessment is necessary to know about the soil quality or productivity of soil 
of rangeland. Livestock rearing is one of the main occupations in upper Mustang 
but nowadays due to lack of palatable species for livestock, people are leaving 
the occupation which is directly affecting their livelihood status. Therefore this 
research was carried out to find out if the soil nutrient is the reason behind the lack 
of availability of palatable species in the rangeland. For soil sampling, north and 
south aspects were taken. In case of altitude, 3850 m, 3650 m and 3450 m were 
taken. Soil samples were taken from soil profile up to 60cm depth at interval of  
20 cm. Available phosphorus and available potassium were found to be high at 
north aspect but total nitrogen was found to be high at south aspect. Both total 
nitrogen and available phosphorus were found to be high at 3650 m. Available 
potassium was gradually decreased with increasing altitude. Total nitrogen, 
available potassium and available phosphorus were gradually decreased with 
increasing soil depth. Nutrient status was high at top soil (0-20 cm).The soil 
nutrient (Nitrogen, Phosphorus, Potassium) status was found to be good in the 
study area. Further research on biophysical and ecological aspect of Rangeland 
in Upper Mustang is necessary to manage it properly.
Key words: Nutrient, Nitrogen, Phosphorus, Potassium, rangeland,  
                    upper Mustang

Nutrient status of rangeland in upper Mustang
M. Maharjan1, K. D Awasthi2, K. R Pande3 and N. Thapa4

Rangelands of upper Mustang are major 
source to sustain livestock as well as 
people’s livelihood as they are rich 

in medicinal and aromatic plants and Trans-
Himalayan biodiversity. They are also sources 
of other natural resources, tourism, carbon sink, 
valuable cultural landscape, place for recreation 
and aesthetic value, and beautiful scenery. Much 
of the Mustang landscape is dominated by pastures 
but the prevailing harsh climatic condition does 
not permit to grow sufficient grasses in these lands 
(Kunwar, 2003). Agricultural production in these 
areas is very limited due to scarcity of water, lack 
of proper irrigation, low temperature for longer 
periods and low rainfall (Thakali, 1994).

Very limited research work carried out in the field 
of soil properties/quality/ nutrient in rangeland 
especially in upper Mustang. The study will be 
beneficial to find out the status of soil nutrient 
which is beneficial for improving livelihood 
of local people through proper management of 
rangeland. 

The objective of the study was to find out the 
status of nutrient of rangeland in upper Mustang.

Materials and methods
Study Area

Upper Mustang, particularly Lo-manthang 
lies in the northern part of Mustang District 
approximately at 83o 45’ to 84o 15’ E and 29o 04’ 
to 29o 18’ N (Fig. 1). The climate of the area can 
be characterized as cold desert, desiccated by 
strong winds and high solar radiation. The total 
area of Lo-mangthang VDC is 282.25 sq. km. 
with total population of 800 (MOP, 2009). The 
altitude range of Lo-manthang VDC ranges from 
3200 m to 6500 m.

Sampling method

The stratified sampling method was adopted 
for the study. The starting point was selected 
randomly and considered as centre point. After 
selecting the center point, two plots each having 
50 m perpendicular distance from center line were 

1  Tribhuwan University, Institute of Forestry, Hetauda, Nepal, Email: menuka48maharjan@gmail.com
2   Tribhuwan University, Institute of Forestry, Pokhara, Nepal
3   Tribhuwan University, Institute of Agriculture and Animal Science, Rampur, Nepal
4   Annapurna Conservation Area Project, Pokhara, Nepal
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fixed. For soil sampling, north and south aspects 
were taken. Soil samples were collected from 
three different altitudes (3850 m, 3650 m and 
3450 m). Three replication of soil samples were 
taken from each strata for computing nutrient as 
well as carbon stock measurement.

For nutrient profile, soil was dug at the centre 
part of the plot up to 60 cm depth. Soil samples 
at different depths (0–20 cm, 20–40 cm, 40–60 
cm) were collected. A core ring sampler (4.8 cm 
diameter and 10 cm long) was used for estimation 
of bulk density.

Soil properties under study with methods of 
measurement

Soils are generally categorized into three 
categories. They are i) acidic soils (with pH values 
less than 6.5), ii) nearly neutral soils (with pH 
value 6.5–7.5), and alkaline soils (with pH values 
more than 7.5) (NARC, 1993). Different methods 
are used to determine the soil properties (Table 1). 
The soil texture was measured using Hydrometer 
Method whereas the soil chemical properties: 
the pH, the total nitrogen (TN), the available 
phosphorus (AP) and the available potassium 
(AK) were measured using the Glass Calomel pH 
Meter, Kjeldahl Method and Olsen’s and Somers 
Method (1982) and the Frame Photometer Method 
respectively. The soil samples were analyzed at 

the Regional Soil Laboratory, situated at Lumle, 
Kaski District, to assess the status of the major 
physico-chemical properties.The textures of the 
soil were determined on the basis of the relative 
distribution of sand, silt and clay in the sample.

Table 1: Soil properties under study with their 
methods of measurement
Soil properties Methods
Physical
Texture Hydrometer method
Chemical
pH  Glass calomel pH meter
Total Nitrogen(TN) Kjeldahl method (Bremner 

and Mulvaney, 1986)
Available Phosphorus 
(AP)

Olsen’s and Somers 
method (1982)

Available Potassium 
(AK)

Flame Photometer method 

Interpretation of different soil properties

Table 2 shows that pH range in soil according to 
pH value. If pH value is less than 4.5 then soil is 
strongly acidic. It’s value is between 4.5 to 5.5, 
soil considers as moderately acidic. If pH value 
is between 5.5 and 6.5 then soil is weakly acidic 
in nature. If the value is between 6.5 and 7.5 then 
soil is nearly neutral. If the value is greater than 
7.5, soil is alkaline in nature.

Table 2: Interpretation for soil pH

pH Range
<4.5 Strongly acidic
4.5–5.5 Moderately acidic
5.5–6.5 Weakly Acidic
6.5–7.5 Nearly Neutral
>7.5 Alkaline

Table 3 shows that level of different nutrients 
(TN, AP and AK) in soil. If TN (%) is less than 
0.1, soil has low level of TN whereas if it is higher 
than 0.2 then soil has high level of TN. If AP (kg/
ha) is less than 31, soil has low level of AP and if 
it is more than 55 then soil has high amount of AP. 
Regarding AK (kg/ha), if the range is less than 
110 then soil has low level of AK and if it is more 
than 280 then soil has high amount of AK.

Maharjan et al.

Fig. 1: Study area (Source: MOP, 2009)
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Table 4: Physico-chemical properties of soil at different aspect and altitudes

Aspect/ 
Altitude pH

Particle size distribution (%)
TC*

Sand Silt Clay
Mean ± SE Mean ± SE Mean ± SE Mean ± SE

N**/3850 m 8.4± 0.1 77.53± 2.5 20.99± 2.61 1.47± 0.95 LS

S***/3850 m 8.6± 0.06 71.32± 0.29 27.22± 0.29 1.46± 0.0 SL

N**/3650 m 8.7± 0.05 71.65± 0.48 27.05± 0.53 1.3± 0.98 SL

S***/3650 m 8.6± 0.05 73.76± 0.48 24.39± 1.13 1.85± 0.72 LS

N**/3450 m 8.5± 0.88 70.65± 0.86 27.78± 0.77 1.57± 0.11 SL

S***/3450 m 8.7± 0.88 74.43± 1.63 4.33± 1.57 1.24± 0.72 LS

* TC=Textural class; LS= Loamy sand; SL= Sandy loam, **N=North,  ***S=South

Table 3: Interpretation table for soil fertility

TN (%)                                                                         AP (kg/ha)   AK (kg/ha)

Range Level Range Level Range Level

<0.1 Low <31 Low 110 Low

0.1–0.2 Medium 31–55 Medium 110–280 Medium

>0.2 High >55 High >280 High

Source: NARC, 1993

The texture of the soil was determined from the 
relative distribution of sand, silt and clay in the 
sample.

Statistical analysis

Data analysis was carried out using SPSS and 
Microsoft Excel. Descriptive statistics used to 
produce tables while inferential statistics also 
used to test the relationships between different 
variables under study.  One-way ANOVA was 
carried out to test the variation of different 
properties of soils with respect to different factors 
under study. Multiple comparisons of means were 
carried out using LSD0.05.

Results and discussion
Physico-chemical properties of soil 

pH (8.7) was high at North(N)/3650 m and 
South (S)/3450 m followed by S/3850 m and  
S/3650 m (8.6) and N/3450 m (8.5), N/3850 m 
(8.4) as shown in table 4. The soil of the study 
area was basic in nature. Due to low rainfall the 
soil of the arid region is basic in nature. 

The dominant texture classes were sandy loam 
and loamy sand. Loamy sand texture class was 

found at N/3850 m followed by sandy loam text 
class at S/3850 m. Similarly, sandy loam texture 
class was found at N/3650 m, N/3450 m and 
loamy sand texture class at S/3650 m, S/3450 m.

Status of nutrients at different aspects, 
altitudes and soil depths

Total Nitrogen

Total nitrogen was higher at south aspect (0.20%) 
than north aspect (0.19%) as shown in table 5. 
Due to high clay content and biomass, high 
nitrogen stock was found in the southern aspect.

Table 5: Total nitrogen (%) at different aspects

Aspect Mean Max. Min. Range Standard 
error

North 0.19 0.23 0.16 0.07 0.008

South 0.20 0.34 0.14 0.20 0.021

Mean 0.19

TN was high at 3650m (0.22%) followed by 
0.19% at 3450 m and 0.17% at 3850 m as 
shown in table 6. There was fluctuation in TN at 
different altitude. Due to presence of deep rooted 
vegetation, TN was high at 3650 m altitude.

Table 6: Total nitrogen (%) at different 
altitudes

Altitude 
(m) Mean Max. Min. Range Standard 

error
3450 0.19 0.23 0.16 0.07 0.01

3650 0.22 0.34 0.16 0.18 0.02

3850 0.17 0.23 0.14 0.09 0.01

Mean 0.19
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Total nitrogen was high at 0–20 cm (0.23%) 
followed by 0.20% at 20–40 cm and 0.16% at 
40–60 cm soil depth as shown in table 7. TN was 
gradually decreased with increasing soil depth. 
Vegetations present in the top soil were the main 
cause of this result.

Table 7: Total nitrogen (%) at different soil depths

Soil 
Depth Mean Max. Min. Range Standard 

error
0–20 cm 0.23 0.34 0.19 0.15 0.02

20–40 cm 0.20 0.28 0.16 0.12 0.02

40–60 cm 0.16 0.19 0.14 0.05 0.01

Mean 0.20

One way ANOVA test revealed that TN was 
significantly different at different soil depth  
(p value =0.04). LSD0.05 test showed that TN was 
significantly different between 0–20 and 40–60 
cm soil depth but no significant different was 
found with other soil depth as shown in table 8.

Total nitrogen in the soil is solicited because 
the nitrogen in the soils occurs in several forms 
band it takes into account all the nitrogen in 
organic and inorganic forms. Some scientists 
argue that TN does not give good indication of 
soil fertility because only a small portion of TN 
is available to plants. About 2 to 3% of TN is in 
the inorganic form, mostly ammonium (NH4+) 
and Nitrate (NO3-) which are only available to 
the plants (Bandel et al., 2000). Others present  
different views that organic and inorganic forms 
of nitrogen are always interchangeable and it 
would be better to consider the total nitrogen to 
investigate soil quality. Determination of Nitrate 
(NO3-) and Ammonium (NH4+) would not give an 
overall picture of the fertility, but give a snapshot 
of the N availability not only for plants but also, 
for micro-organisms in the soil (Truelsen and 
Lundsby, 2001).

Available Phosphorus

Available phosphorus was high at north aspect 
(71.86 kg/ha) followed by south aspect (60.01  
kg/ha) as shown in table 9. This table showed that 
AP was found higher at north aspect than south 
aspect.

Table 9: Available phosphorus (kg/ha) at 
different  aspects

Aspect Mean Max. Min. Range Standard 
error

North 71.86 93.30 46.70 46.60 5.72

South 60.01 86.70 23.30 63.40 7.18

Mean 65.93

AP was varied at different altitude found high at 
3650 m (77.78 kg/ha) followed by 69.46 kg/ha at 
3850 m and 50.55 kg/ha at 3450 m. Both TN and 
AP were found high at 3650 m as shown in table 
10. High clay content at this altitude caused to 
show high TN and AP.

Table 10: Available phosphorus (kg/ha) at 
different altitudes
Altitude 

(m) Mean Min. Max. Range Standard 
error

3450 50.55 23.30 93.30 70.00 9.86

3650 77.78 66.70 90.00 23.30 3.82

3850 69.47 50.00 86.70 36.70 5.80

Mean 65.93

One way ANOVA test revealed that AP was 
significantly different at different altitude (p 
value = 0.04). LSD0.05 test showed that AP was 
significantly different between 3450 m and 3650 
m altitude where no significance difference found 
with other altitude (p≤0.05) as shown in table 11.

Maharjan et al.

Table 8: LSD0.05 for Total nitrogen (%) at different soil depths

Factors Paris compared (cm) Mean difference Standard error Significance

TN 0–20 and 20–40  0.33 0.24 1.85

0–20 and 40–60 0.68* 0.24 0.01

20–40 and 40–60 0.35 0.24 0.17

* denotes the mean difference at p≤0.05
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Table 11: LSD0.05 for Available phosphorus (kg/ha) 
at different altitudes

Factors Paris 
compared

Mean 
difference

Standard 
error Significance

AP 3450 and 
3650 m

 -27.23* 9.85 0.01

3450 and 
3850 m

-18.92 9.85 0.07

3650 and 
3850 m

8.32 9.85 0.42

*denotes the mean difference at p≤0.05

AP was gradually decreased with increasing 
soil depth. AP was found 75 kg/ha at 0–20 cm 
followed by 65.01 kg/ha at 20–40 cm and 57.78 
kg/ha at 40–60 cm soil depth as shown in table 
12. 

Awasthi (2004) reported that nutrient stock was 
found high at top soil which was found true in 
this study also where AP was high at 0–20 cm soil 
depth similarly AK and TN was also found high 
at the same soil depth.

Table 12: Available phosphorus (kg/ha) at 
different soil depths

Soil 
Depth Mean Max. Min. Range Standard 

error
0–20 cm 75.00 43.30 93.30 50.00 7.44
20–40 cm 65.01 36.70 86.70 50.00 8.20
40–60 cm 57.78 23.30 80.00 56.70 8.42
Mean 65.93

Available Potassium

Available Potassium was high at north aspect 
(742.90 kg/ha) followed by south aspect (531.37 
kg/ha) as shown in table 13. This result showed 
that AK status was quite good in the study 
according to table 13.

Table 13: Available Potassium (kg/ha) at 
different aspects

Aspect Mean Max. Min. Range Standard 
error

North 742.90 266.70 1643.00 1376.30 147.93

South 531.37 283.30 1083.00 799.70 102.91

Mean 637.13

AK was gradually decreased with increasing 
altitude. AK was high at 3450 m (753.22 kg/ha) 
altitude followed by 666.62 kg/ha at 3650 m and 

491.57 kg/ha at 3450 m as shown in table 14. 
From table 14 it was concluded that AK status 
was good at all altitudes.

Table 14: Available potassium (kg/ha) at 
different altitudes
Altitude 

(m) Mean Min. Max. Range Standard 
error

3450 753.22 283.30 1643.00 1359.70 218.95
3650 666.62 283.30 1083.00 799.70 134.15
3850 491.57 266.70 1003.00 736.30 107.71
Mean 637.13

AK was gradually decreased with increasing soil 
depth. AK was high at 0–20 cm (1052.50 kg/
ha) followed by 20–40 cm (528.90 kg/ha) and  
40–60 cm (330 kg/ha) soil depth as shown in 
table 15. The decreasing trend of AK was quite 
high according to depth of the soil but AK status 
was good at different soil according to table 15.

Table 15: Available potassium (kg/ha) at different 
soil depths

Soil 
Depth Mean Max. Min. Range Standard 

error

0–20 cm 1052.50 503.00 1643.00 1140.00 147.69

20–40 cm 528.90 360.00 870.00 510.00 77.58

40–60 cm 330.00 266.70 486.70 220.00 33.13

Mean 637.13

One way ANOVA revealed that AK was 
significantly different at different soil depth  
(p value=0.00). LSD0.05 test showed that AK 
was significantly different between 0–20 and 
20–40 cm, 0–20 and 40–60 cm soil depth but no 
significant difference was found with other soil 
depth as shown in table 16.

Table 16: LSD0.05 for Available phosphorus (kg/ha) 
at different altitudes

Factors Paris 
compared

Mean 
difference

Standard 
error Significance

AK 3450 and 
3650 m

 523.60* 138.87 0.00

3450 and 
3850 m

722.50 138.87 0.00

3650 and 
3850 m

198.90 138.87 0.17

*denotes the mean difference at p≤0.05

Maharjan et al.



Banko Janakari, Vol. 24, No. 1

46

Conclusion

Sandy loam and loamy sand are dominant soil 
texture found in the study area. Basic nature of 
soil was found in the study area. Soil properties 
like TN, AK and AP were found significant 
different. Nutrient status was high at top soil  
(0–20 cm). The soil nutrient (N, P, K) status was 
good in the study area. 

Further research on biophysical and ecological 
aspect of rangeland in upper Mustang is necessary 
to manage it properly.
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The study was carried out in and around the two protected areas of Central 
Terai, Nepal with the primary aim of assessing the socio economic losses due to 
human-wild elephant conflicts. The field work was conducted during May 2010 to 
April 2011 through field observation, household survey, focus group discussion 
and key informant interviews. Loss of 50 houses and 15 lives were noticed during 
the study period in the study sites whereas five wild elephants were killed during 
2005–2010. An estimated amount of about NRs. 2,000,000 (US$ 25,165) was 
found as the economic loss due to crop raiding by elephants in Parsa District for 
the year 2009; whereas it was slightly less to a level of about NRs. 1,600,000 
(US$ 20,289) in the year 2010. However, the economic loss due to crop damage 
by wild elephants raiding in the Buffer Zone (BZ) of the Chitwan National Park 
(CNP) was nearly half of the Parsa District. The per household economic loss 
from crop damages were estimated to be around NRs 5,000 (US$ 65.96) and 
NRS 6,135 (US$ 77.67) in Parsa District and the BZ of the CNP respectively. 
About 1000 hectares of forestland have been found to be occupied by about 650 
families in and around the buffer zone of the CNP and Parsa Wildlife Reserve 
(PWR). Compensatory relief for victimized families are the immediate solution in 
reducing the conflict whereas cultivation of unpalatable crops in and around the 
elephant routes as well as practice of agro-forestry are some of the long term 
solution in the habitat of wild elephants.

Key words: Asian wild elephant, habitat encroachment, crop damage, human  
          killings, elephant killings, Nepal

Human-Asian wild elephant (Elephas maximus) conflicts 
and its socio-economic consequences in and around the 

protected areas of Central Terai, Nepal

B.R. Yadav1, I. C. Dutta2, M. K. Chalise3 and C. Williams4

Asian elephant is the only living species of 
the genus Elephas and is distributed in 
Southeast Asia from India in the west to 

Borneo in the east. Since 1986, Elephas maximus 
has been listed as an endangered by IUCN since 
the population has declined by at least 50% over 
the past three generations (estimated to be 60–75 
years). The species is pre-eminently threatened 
by habitat loss, degradation and fragmentation 
(Chalise, 2008; Williams, 2002; Yadav and 
Chalise, 2013; Hoare, 2000; Sukumar, 2006). 
At least one million human population and 
approximately 147–171 Asian wild elephants in 
Nepal are severely affected among each other 
(Yadav, 2002; Gopali, 2007; 2005; Pradhan, 
2006; Yadav and Chalise, 2013). 

Elephants were once distributed in low land Terai 
of Nepal. They were abundant in Central Part 
around the area that is now CNP (Oliver, 1978). 

A total of wild and captive elephants are 353–385 
surviving in and around the protected areas and 
in the captivity. A population of wild elephants 
estimated by Yadav (2002); Pradhan (2007), 
based on the personal communication with 
personnel of the Bardia NP (2011), and the  PWR 
(2009); Petra (1999); Yadav and Chalise (2012) 
is 147–171 distributed in different geographical 
sub-populations: 12–13 in Eastern, 40–50 in 
Central, 75–90 in Mid-western and 12–18 in Far-
western regions in Nepal. These wild elephants 
inhabit in a total forest area of 10,982 km2 and 
out of this total habitat, a 4,281.8 km2 areas are 
under the protected area in Nepal (DNPWC/
ECAP, 2009). In most places the mega herbivores 
are now compressed into protected areas which 
in general are too small for long term population 
persistent (Owen-Smith, 1988; Sukumar, 1989a). 

Nepal is well recognized internationally for forest 
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management. However, passive participation 
of community in decision making for the 
management of conservation areas has brought 
serious implication to the livelihood and cultural 
dynamics of the local people (McLean and 
Straede, 2003). Moreover, population pressure 
particularly the expansion of urban areas and 
agriculture, has caused conservation areas to 
become islands or increasingly fragmented 
habitats (Molnar, 2006). Existing provisions and 
arrangement deprived the people living outside 
the national parks and reserve from using forest 
products which they had been doing traditionally, 
much before the parks and reserves were created 
(Bhattrai et al., 2011; Dhungel and Adhikari, 
1994 ).

The human exploited the elephant’s habitat for 
a variety of plant resources such as fruits, barks, 
fodder, climbers, grasses firewood and timber 
(Sukumar, 1991). The growing human population 
collected the edible foodstuffs like wild bananas, 
wild bamboos, climbers and wild cassava from 
the habitat of elephants (Yadav, 2002; Yadav and 
Chalise, 2012 and 2013). One of the most serious 
case of human wildlife conflict is the fear of being 
killed by wildlife (Thirgood et al., 2005). Attitude 
of local people is vital in wildlife conservation 
and the attitude may vary according to gender, 
age, education and past experience with the 
particular species of wildlife (Hill, 1998; Røskaft 
et al., 2007). Matured and older people generally 
have more negative attitudes as do people who 
have experienced damage from wildlife while 
people with higher levels of education tends to 
be more positive towards wildlife (Røskaft et al., 
2007). HEC occurs wherever people and elephant 
coincide, which is an obvious challenges for wild 
elephant conservation (Hoare, 2000; Sitati et al., 
2003; Sukumar, 2006). The elephant population 
in Central Nepal has come in conflict with human 
relatively less than eastern population (DNPWC, 
2009). This study concentrates in assessing the 
socio economic consequences of human-wild 
elephant conflicts in and around the protected 
areas of CNP and PWR (Yadav, 2005a, Yadav, 
2005b, Yadav, 2005c, Yadav, 2005d).

Materials and methods
Study Area

The study area represents five districts (Chitwan, 
Parsa, Bara, Rautahat and Sarlahi) of Central 
Terai in Nepal. However, our field research was 

only concentrated in two districts (Chitwan and 
Parsa). Chitwan National Park (CNP) and Parsa 
Wildlife Reserve (PWR) cover a total area of 
1,682 km2 and 797.17 km2 including buffer zone 
respectively. CNP the first protected areas of 
Nepal, was declared in 1973 and designated as 
UNESCO world heritage site in 1984. PWR was 
declared in 1984 with the aim of preserving the 
population of residential Asian wild elephants  
(E. maximus). The CNP core areas is located 
between 27o34’ 23”N to 27o68’98”N latitude 
and 83o87’79” E to 84o74’30”E longitude and 
the geographical location of the buffer zone 
of the CNP is located between 27o28’23”N 
to 27o70’38”N latitude and 83o83’98”E to  
84o77’38”E longitude (Fig. 1). PWR is located 
within 27o15’N to 27o33’N latitude and 84o41’E 
to 84o58’E longitude (Fig. 1). The temperature 
perceived was of 50oC in winter and 40oC in 
summer season. The rainfall in the eastern section 
gets on an average of 170 cm whereas the central 
section receives 150 cm annually.

Fig. 1: Location of the study area

The purposive sampling was adopted for this  
study. Individual households, settlements and 
wards of the Village Development Committees 
(VDCs) were considered as the sampling units 
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for different cases. The study team made inquiries 
with villagers to find out the affected households 
by wild elephants raiding. Most of the affected 
areas in and around the buffer zone of the PWR 
and the CNP were selected for the study. We 
further visited and collected data at the affected 
sites in wards, settlements and cultivated land. 
Affected VDCs of Parsa District both in and 
around the buffer zone as well as affected VDCs 
in Chitwan District around the buffer zone of CNP 
were selected for data collection. The direct field 
observation and measurement of the sites were 
done to get information on crop damage by wild 
elephants. Most of the affected sites were visited 
and recorded for crop damage as well as indirect 
sign of elephant’s foot prints and dung. 

Crop raiding was monitored in 13 VDCs of 
two districts- Chitwan (n=4) and Parsa (n=9). 
Crop depredation by elephants were monitored 
following a standardized data collection protocol 
(Hoare, 1999) and modified to avoid the problem 
of exaggeration by farmers (Tchamba, 1996; 
Hedges et al., 2005). The collected data included 
date, location characteristic of damage and size 
class, sex and social grouping of elephant’s 
involved.

Results and discussion
Economic loss in Buffer Zone of Chitwan 
National Park

During 12 months of the study period 105 
incidents of crop damage were recorded around 
the CNP. Most of such incidents were found to 
have occurred between May 2010 and April 2011 
due to persistent groups of raiding elephants. 
Four VDCs, (Ayodhyapuri, Bagauda, Gardi and 
Klayanpur) of Chitwan District were found to be 
most affected areas. Out of these VDCs Bagauda 
VDC had severe damage and Gardi had little 
damage (Table 1).

A total of 30.4 hectares farmland was affected 
by elephants raiding. The elephants raided the 
different crops equivalent to about NRs. 1,000,000 
(US$ 12,791.77) in 2010, while a total crops 
damage raided by elephant equivalent to about 
NRs 547,000 (US$ 69,125.95) in 2009. Table 
1 indicates that the damage by wild elephants 
raiding is increasing annually in the settlements, 
wards and VDCs of the buffer zone of CNP. The 
crops damage by elephants raiding in 2010 was 
about double of the damaged occurred in 2009.
Affected areas are surrounded by forest land. 
These VDCs are prone to wildlife damage and 
human casualties /injured by wild elephants.

Damage in Buffer Zone of Chitwan National 
Park by crops

Five types of crops (rice, wheat, maize, lentil 
and banana) were raided by wild elephants in the 
buffer zone of CNP. The damage was estimated at 
around about NRs. 497,000 (US$ 6,292) for rice, 
about NRs. 34,000 (US$ 444) for maize and NRs. 
15,000 (US$ 190) for wheat for the year 2009. 
Whereas, the damage was about NRs.784,300 
(US$ 9,928) for rice, about NRs 136,000 (US$ 
1,178) for wheat and NRs. 45,000 (US$ 479) 
for maize in 2010. Figures 2 and 3 show that 
depredation was very high in rice crop both in 
2009 and 2010. The results indicate that the rice 
is more preferable to wild elephant than wheat 
and maize.

Economic loss by elephants raiding in Parsa 
District

A total of 116.42 hectares of crops were raided 
by wild elephants in nine VDCs of Parsa District 
Crops damage by wild elephants raiding in 
Parsa District was estimated to be around about 
NRs. 1,600,000 (US$ 20,228.86) and about 
NRs. 2,000,000 (US$ 25,164.68) in 2010 and 
2009 respectively. Severe damage was found in 

Table 1: Crops depredation in the BufferZone of CNP

VDCs
Year 2009 Year 2010

Affected 
Area (ha)

Investment 
(NRs.)

Production 
(NRs.)

Damage 
(NRs.)

Affected 
Areas (ha)

Investment 
(NRs.)

Production 
(NRs.)

Damage 
(NRs.)

Ayodhyapuri 4.7 83,000 271,450 190,000 6 105,400 318,650 268,500
Bagauda 3.8 46,700 326,000 248,000 8.2 130,900 591,000 455,750
Gardi 0.9 12,300 53,450 27,000 3.6 58,000 220,700 191,800
Kalayanpur 1.4 22,500 99,150 82,150 1.9 28,500 137,500 94,500
Total 10.7 164,500 750,050 547,150 19.7 322,800 1,267,850 1,010,550

Sources: Field work, 2010 (Currency NRs. 79 = 1 US$)
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Sonbarsa (US$ 5,527.34), Madhuvan Mathawal 
(US$ 4,474.68) and Gadi VDCs (US$ 4,357.2)  
in 2010 (Table 2). These VDCs are contiguous to 
the national forest and the national forest of Parsa 
District is contiguous to the PWR.

Economic loss in Parsa District by crops

Rice, maize, wheat and lentil cereal crops were 
raided by wild elephants in Parsa District. Rice 
damage was found to be higher in both years 
that were about NRs. 1,900,000 (US$ 24,171) 
for the year 2009 and about NRs. 1,019,000  
(US$ 12,896.4) in 2010 in nine VDCs of Parsa 
District. The rice damage was followed by the 
wheat crops in both years (Fig. 4).

Fig. 4: Economic loss by crop damages in 
Parsa District

Comparison of economic loss between Chitwan 
and Parsa Districts

Table 3 indicates that the crop damages in 
Chitwan and Parsa Districts are in different trend. 

Table 2: Crops depredation in Parsa District

VDCs
Year 2009 Year 2010

Affected 
Areas (ha)

Investment 
(NRs.)

Production 
(NRs.)

Damage 
(NRs.)

Affected 
Area (ha)

Investment 
(NRs.)

Production 
(NRs.)

Damage 
(NRs.)

Sonbarsa 6.93 319,104 570,435.48 252,400 11.51 412,025.71 728,600.24 441,400
Subarnpur 16.40 223,600 903,800 350,660 3.23 157,418.41 283,271.04 148,700
Nirmalbasti 5.83 284,002.28 511,056 349,800 2.43 118,469.52 213,183.36 71,800
Gadi 8.10 369,754 660,316.64 261,300 9.55 404,211.55 714,910.56 344,219
M.Mathwal 13.23 156,260 881,761.6 242,000 13.27 139,800 518,100 353,500
S.Saraiya 2.97 144,435.44 259,908.48 60,700 0.93 45,440.364 81,768.96 30,000
Biruwaguthi 2.53 123,338.13 221,944.32 105,650 0.80 38,948.884 70,087.68 30,000
Bagbana 6.53 294,165.15 527,766.72 175,100 1.07 48,087.494 85,743.84 15,500
Thori 6.60 313,825.19 570,719.76 190,400 4.50 216,451.25 395,277.48 167,700
Grand total 69.13 2,228,484 5,107,709 1,988,010 47.29 1,580,853 3,090,943 1,602,819

Sources: Field work, 2010 (1 US$ = NRs. 79)
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Fig. 2: Crop wise economic loss 
(NRs.) in Chitwan district 2009

Fig. 3: Crop wise economic loss 
(NRs.) in Chitwan district 2010
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Economic loss due to elephants raiding in Chitwan 
looks much lesser than that of economic loss in 
Parsa District in 2009 and 2010. The losses cover 
four VDCs in the buffer zone of the CNP while 
losses cover nine VDCs inside BZ and outside 
the BZ in Parsa District. The economic loss in 
Chitwan District was found to be in increasing 
trend (NRs.547,000–1,011,000) while economic 
loss  in Parsa was found to be in decreasing trend 
(NRs. 2,000,000–1,600,000).

The table 3 also indicated that the total estimated 
crop production (US$ 74,148.5) was more than the 
total damage of crops (US$ 32,090.63) in 2009. 
Likewise the total production of crops was more 
than total damage (US$ 33,080.62) in 2010. The 
estimated total surplus value of crops was found 
to be US$ 42,058.22 in 2009, while the estimated 
total surplus productions of the crops in 2010 was 
found equivalent to US$ 22,093.97. These results 
showed that the total production was greater than 
the total damage, but the remaining income was 
not sufficient for a person for the whole year.

Altogether 429 households were found to have 
been affected elephants’ raiding in Parsa and 
Chitwan Districts. The economic loss due to crop 
damage per HHS by wild elephants raiding were 
estimated to be about NRs 5,000 (US$ 65.96) and 
NRs. 6,000 (US$ 77.67) in Chitwan and Parsa 
Districts respectively.

The table 4 indicates that the surplus amount  
per HHs was estimated to be NRs. 1,900 (US$ 
24.46) and NRs. 9,600 (US$ 121.88) in Chitwan 
and Parsa Districts respectively. The estimated 
surplus amount could not fulfill the daily demand 
of food supply for the affected people. The result 
showed that the people living in the vicinity 
the PWR and the CNP were severely affected 
by elephants raiding of crops. On the other 
hand, the wild elephants were found to be also 

victimized by the local people. Sometimes the 
local people killed the wild elephants using shot 
gun, and by poisoning and through electrocution.  
The victimized people were found to be having 
suffered from the problems of compensation.

Human casualty and Elephants Mortality

Twenty five houses were demolished and 15 
persons were killed in the buffer zone of PWR and 
CNP in the two districts whereas four elephants 
were killed during the study period. Human 
casualty is increasing annually in Central Nepal 
by wild elephants. Mostly the male elephants 
killed the human during guarding their crops and 
properties. Elephant mortality is also very high 
in Nepal. Five wild elephants have killed out of 
22 wild elephants within 2004–2009 in Central 
Nepal. A total of 52 wild elephants have been 
dead (Natural and retaliatory) during 1994–July 
2013.

Table 3: Food deficit in the affected areas around the CNP and PWR

District
Year 2009 Year 2010 Remark

TP (NRs.) TD (NRs.) TS TP (NRs.) TD (NRs.) TS Affected 
HH

CHITWAN 750,050 547,150 202,900 1,267,850 1,010,550 257,300 105
PARSA 5,107,709 1,988,010 3,119,699 3,090,943 1,602,819 1,488,124 324
Grand Total 5,857,759 2,535,160 3,322,599 4,358,793 2,613,369 1,745,424 429
Grand Total US$ 74,148.85 32,090.63 42,058.22 55,174.59 33,080.62 22,093.97

Total Production (TP), Total Damage (TD), Total Surplus (TS); 1US$ =NRs. 79

Table 4: Surplus per household in Chitwan and Parsa Districts

District Surplus /HHS NRs. 
Annually

Per person (Family size 
5.5)/Annually surplus 

Per person per 
month 

Needed per person annually 
at least for livelihood NRs

Chitwan 1,932.38  
(US$ 24.46)

351.34  
(US$ 4.44)

29.27 
(US$ 0.37)

72,000 (US$ 911.39)

Parsa 9,628.70  
(US$ 121.88)

1,750.67  
(US$ 21.16)

58.35 
(US$ 0.74)

72,000 (US$ 911.39)

Note: If a person spends NRs. 200 for food per day they need NRs.72,000 /year
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Crops seasons and damage

The crop damage by wild elephant in Nepal 
follows a seasonal pattern with two peak seasons 
of crop damage (June-July), during maize and 
wheat maturing period and September-November 
during rice maturing time (Pradhan et al., 2011). 
Rice is the major crop in the Terai region of Nepal. 
Generally, rice farming is in two seasons i.e., 
summer and winter, where there the irrigation is 
available whole year. A similar crops raiding was 
observed in India where crops damage take place 
during June to August and October to November, 
two peak seasons for two types of rice, on 
cultivated in shallow water and the other in deep 
water levels (Lahkar et al., 2007). Yadav (2002) 
investigated crop damage in Eastern Nepal by 
wild elephants that people are severely affected 
by loss of crops and their life. He also mentioned 
there is very limited habitat for wild elephants 
that’s why the damage is higher in Eastern Nepal. 

Habitat fragmentation 

Many settlements have been occupied the 
biological corridors habitat of Asian wild  
elephants by migrating people and the current 
increasing human population. National and 
International biological corridors of wild elephants 
have been encroached by about 570 households 
were in the core and buffer zone of the CNP 
and the PWR. About 500 hectares of forestland 
encroached by the people in the BZ of CNP at 
Ayodhyapuri VDC-9, Bandarjhulla settlement. 
Similarly about 324 hectares of forestland which 
is international corridors among PWR, CNP 
and Balmiki Tiger Reserve in Nirmalbasti VDC 
of Parsa District has been encroached by about 
100 families. 20–25 families have been living 
in Hadikhola VDCs at Bhiman. A total of about 
1000 hectares (Bandarjhulla, Nirmalbasti and 
Bhimanchuria areas) of forest lands are occupied 
by the people. About 2000 people in Bandarjhulla, 
500 people in Nirmalbasti (Syaulibazar) and 
100–150 people  are living illegally in these areas 
(CNP and PWR offices, 2010).  

Exaggerate damage records in Parsa District

The quantities of the crop damaged records were 
found in some VDCs seem as exaggerate in 2009 
compared to the crop damage in 2010 in Parsa 
District. The estimated damage in 2009 was US$ 
25,165 (NRs. 79 = 1 US$) whereas the crop 
damage estimated in 2010 was US$ 20,229. In the 

case of Chitwan District the trend of crop damage 
is in increasing order e.g. damage in 2009 was 
US$ 6,926 whereas the damage in 2010 was US$ 
12,792. In the case of Parsa District, respondents 
might not have provided real damage records to 
studyteam for 2009, as they might have expected 
that whatever damage might be compensated 
by the government. On the other hand the study 
team might not have clearly explained about the 
objectives of the research to the respondents 
during the data collection period in some VDCs.

Conclusion

Forty to fifty Asian wild elephants were reported 
to be harboring in Central Development Region 
of Nepal during the study period. Now the wild 
elephant’s population is facing severe problems 
due to habitat fragmentation in the Central Terai 
of Nepal. Remaining habitat has been also used 
by the local people for their cattle grazing and 
collection of fodder and grasses. Unscientific 
exploitation of their habitat has created scarcity 
of forage for the wild elephants. Insufficient 
forage in the forest compels the elephants to raid 
the crops in settlements surrounding the habitat. 
The above activities done by local people and 
elephants create human-elephant conflict. 

The poor people living near the elephant’s 
habitats are severely affected by elephants raiding 
and demolishing their huts annually. Sometimes 
the elephants were found to be having killed/
injured the local people guarding their crops in 
their conventional thatched-watching huts.At the 
same time the affected farmers had also killed the 
wild elephants through poisoning, using shut gun 
and through electrocution. Government of Nepal 
enforced the Relief Guidelines, 2010 amended 
in 2013 to compensate for human casualties and 
crop damage which are not sufficient to motivate 
them towards conservation of Asian wild 
elephants. Edible and palatable crops preferred 
by elephants should be discouraged in the 
cultivation of problematic areas. Simultaneously 
the government should manage the palatable 
agricultural crops like sugarcane, bananas maize 
and plenty of fodder trees inside the habitat of 
elephants.
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Nymphaea tetragona (Nymphaeaceae) a new record for 
flora of Nepal

B. B. Raskoti1, G. D. Bhatt2 and R. Ale2

The genus Nymphaea comprises 50 species 
around the world and distributed in south 
East Asia (Dezhi et al., 2001). Nymphaea 

tetragona Georgi is also known as pygmae 
water lily and distributed in China, India, Japan, 
Kashmir, Kazakhstan, Korea, Russia, Vietnam; 
North America, Europe (Dezhi et al., 2001).

There are three species of Nymphaea in Nepal, 
namely N. nouchali N. L. Burm., N. rubra Roxb. 
ex Andrews and N. lotus var. pubescens (Wild.) 
Hook. f. and Thoms. distributed in the tropical 
region (Press et al., 2000; Rajbhandari and Bhatt, 
2011; Raskoti et al., 2011). N. tetragona is not 
previously reported so far from Nepal (Hara et 
al., 1978; Press et al., 2000; Bista et al., 2001). 
There is no record of herbarium specimen in 
the National Herbarium and Plant Laboratories 
(KATH) and Tribhuvan University Central 
Herbarium (TUCH). In this study, N. tetragona 
have been collected by B. B. Raskoti and Rita Ale 
from the Banke District, of Mid-western Nepal 
and the specimen is deposited at KATH.

   1(A)

          1(B)

Fig. 1(A)- Flowering plant N. tetragona.  
B- Herbarium specimen of N. tetragona.

N. tetragona Georgi, Bemerk. Reise Russ. Reiche 
1: 220. 1775. (Figure1 A,B).

Rhizomes not branched, erect. Leaves cordate-
ovate, 5–12 × 3–8 cm, dorsal side glabrous, 
weekly peltate, base deeply cordate, margin entire. 
Flower floating, white, 3–5 cm in diam. Sepals 
persistent, inserted on receptacle, tetragonous, 
broadly lanceolate, 2–4 cm, apex subacute. Petals 
10, white, obovate, 2–3 cm, alternate to stamens, 
apex acute. Filament of inner stamens wider than 
anther, connecting apically without appendages. 
Carpels united ovary inilocular. Stigma rays 

1  Pokharathok 9, Arghakhanchi, Nepal,  Email: bbraskoti@gmail.com
2  National Herbarium and Plant Laboratories Department of Plant Resources, Godawari, Lalitpur, Nepal 
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several; carpel appendages ovate. Fruit globose, 
2–3 cm in diam. Seeds smooth, ellipsoid, 2–4 mm 
long. 

Flowering: October-November.

Habit and habitat

Open shallow ponds near roadsides, at an altitude 
of 160–300 m. Population of the N. tetragona 
is decreasing due to its habitat destruction, 
overexploitation for ornamental and religious use.

Distribution

Nepal (Mid-western Nepal), China, India, Japan, 
Kashmir, Kazakhstan, Korea, Russia, Vietnam; 
North America, Europe. 

Specimen examined

Mid-western Nepal, Banke District, Nepalgunj 
at altitude of about 160 m, Oct 22, 2010, B. B. 
Raskoti and R. Ale 210 (KATH).
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