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Abstract

The Himalayan nettle (Note 1) is a fiber yielding non-timber forest product that has cultural, economic and
medicinal values to many ethnic communities residing in the hill and mountain areas of Nepal and India. If the
nettle value chain can be strengthened at each node of the chain, then it has high potentiality to uplifting the
livelihoods of many poor households in those areas. With this objective, the Himalayan nettle value chain
development interventions in the form of promotion of local institutions, enterprise development, product value
addition and development, capacity building at the community level and promotion of linkages through private
sector engagement were initiated in Darchula, one of the remote districts in far-western Nepal. This paper
essentially analyzes the impact of Himalayan nettle value chain development interventions on households’
income from the sale of nettle products. Using propensity score matching (PSM) technique in a cross-sectional
data, this study finds that participation in the Himalayan nettle value chain development intervention has positive
and significant impact on the households’ annual income from the sale of nettle products. The participating
households’ annual income from the Himalayan nettle increases by NPR (Note 2) 2265-2410 than that of
non-participating households with similar socio-economic characteristics. The study therefore argues that
capacity building and facilitation activities on product development and market linkages are important to help
increase productivity and decrease per unit production cost of non-timber forest products like the Himalayan
nettle. Value chain development and concentrated market linkages are hence essential to diversify livelihood
options for natural resource dependent rural communities.

Keywords: Himalayan nettle, value chain, impact evaluation, program intervention, propensity score matching
1. Introduction

The Himalayan nettle (Girardinia diversifolia) is popularly known as allo in Nepali. It is a fiber yielding
non-timber forest and belongs to family Urficaceae. It grows from eastern to western region between the
altitudes of 1,200 to 3,000 m (Friis, 1981; Shrestha & Hoshion, 1998). Fiber is present in the inner bark of the
stalk with high strength and length. The fiber is considered superior to jute and is useful for mixing with wool
and cotton. It has cultural, economic and medicinal values for many ethnic communities like Rai, Gurung,
Sherpa and others living in the mountain areas of Nepal and India. The hilly residents and ethnic minorities have
extracted the nettle bark for centuries to produce various items such as bags, porter’s head bands or straps, ropes,
mats and coarse clothing, among others. Different parts of the nettle plant are traditionally utilized as medicine.
The Himalayan nettle products have both national and international markets values. In Nepal, people have tried
to commercialize the fibre and develop high end products from apparels to home décor items. However, due to
poor processing, packaging and standardization, its full potentiality is yet to be realized.

The Himalayan nettle is widely produced in Khar VDC (Village Development Committee) of Darchula district,
one of the far-western remote districts in Nepal. Khar VDC alone accounts for 50 percent of the district’s nettle
production (ICIMOD, 2015). While Darchula is one of the most food insecure districts of Nepal with high level
of poverty incidence (World Bank & CBS, 2011), it is rich in natural resources with various flora and fauna and
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non-timber forest products. If the nettle value chain can be strengthened at each node of the chain, then it has
high potentiality to uplifting the livelihoods of many poor households in the district. This paper examines the
impact of the Himalayan nettle value chain development intervention (in various forms such as promotion of
local institutions and enterprise development, product value addition and development, capacity building at the
community level and promotion of linkages through private sector engagement) on income from the sale of
nettle products in 2015.

A value chain encompasses the full range of activities and services required to bring a product or service from its
conception to sale in its final markets—whether local, national, regional, or global. The term ‘value chain’ refers
to the fact that value is added to products and services as they pass from one link in the chain to the next through
the combination with other resources, for example tools, human resources, knowledge, and skills, other raw
materials or preliminary products (ILO, 2006). From the institutional perspective, a value chain can be defined as
the organizational arrangements linking and coordinating the actors working at different points along the chain
(Kaplinsky, 2004). Value chain development is regarded as a market-led approach as it helps satisfy the needs of
the end consumers by fostering relationships and building trust among all stakeholders along a particular value
chain to coordinate their activities. Various organizations have formulated approaches for value chain
development. For instance, the International Centre for Integrated Mountain Development (ICIMOD)
emphasizes inclusiveness, mountain specificities, and climate change perspectives (Hoermann et al., 2010),
while aiming to overcome challenges and harness opportunities that can benefit the rural poor (Stamm & von
Drachenfels, 2011). In addition to improved competitiveness and income distribution, which are core features of
value chain development, the desired outcomes include higher income earnings for poor and vulnerable groups
as well as active participation of women and youth (Altenburg, 2007).

Various types of value chain interventions such as trainings and better harvesting practices result in immediate
benefits to the poor households in terms of increased income, enhanced understanding of environmental values
and gender equality, among others. Such interventions further promote sustainable and quality production,
thereby strengthening food security and fulfilling the basic necessities (Choudhary et al., 2011). Skill-enhancing
training programs raise women empowerment in the form of increased income, more bargaining power and
decision making on various fronts (Gurung et al., 2014).

Choudhary et al. (2014) show that that there are three folds increments in the market price due to rise in
bargaining power. The increased bargaining power as a result of upgraded value chain leads to an increase in the
households’ income of bay leaf farmers in Nepal. Paudal et al. (2009) show that the use of improved technology
is essential to increase the productivity and reduce per unit cost of production of the Himalayan nettle and Lokta
(also known as Nepali paper) in the five VDCs of Baglung district in Nepal. The study further emphasizes on
identifying constraints on value chain to make the Himalayan nettle and lokta (Nepali paper) production more
profitable and competitive for sustainable development of rural livelihoods. Likewise, better market linkages
help increase the households’ earnings from non-timber forest products in Ethiopia (Gole & Koch, 2014).

Yet another study by Mahapatra et al. (2005) shows the importance of non-timber forest products in enhancing
the rural livelihoods of the poor communities in Orissa and Jharkhand of India. The study finds that while the
sale of non-timber forest products undoubtedly help enhance rural livelihoods, its impact however varies across
ecological and socio-cultural settings. The study further argues that this variation should act as a basis as to
where and when to apply non-timber forest product (NTFP) access and management policies (Mahapatra et al.,
2005). Similarly, Meaton et al. (2015) apply value chain analysis to identify opportunities for the sustainable
development of Ethiopian cardamom. Their study argues that the value chain development in the spice sector
such as cardamom is essential and necessitates significant investment and expertise for its sustainable
development (Meaton et al., 2015). Melaku et al. (2014) examine the relationship between non-timber forest
products and household incomes in Bonga forest area of south-western Ethiopia. They find that non-timber
forest products play a significant role in boosting households’ incomes. In fact, the major non-timber forest
products such as honey, coffee and spices accounted for 47 percent of the annual households’ incomes (Melaku
etal., 2014).

Using propensity score matching (PSM) method, Weber et al. (2011) show that program participation in
forest-based microenterprises raises the household income level and capital accumulation of local residents of
Amazon forest, Brazil. Cavatassi et al. (2011) examine whether or not linking smallholder potato farmers to high
value agricultural market lead to significant changes in the household wellbeing in Ecuador. They find that there
is positive and significant effect on participating households. Similarly, using PSM technique, Bonilla et al.
(2011) assess the impact of seed capital program on the sales and employment of small businesses. They find
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that there is positive and significant effect on sales and number of workers of small and medium enterprises
(SMEj5).

Getachew et al. (2011) study the impact of market development programs on households’ annual income in
Ethiopia. They find that input and output market development programs have positive and significant impact on
the adopter households’ annual income (Getachew et al., 2011). In yet another study using PSM method,
Budhathoki and Bhatta (2016) find that the adoption of improved rice varieties has positive and significant
impact on the adopter households’ annual agricultural earning and consumption expenditure in Nepal.

Nonetheless, a number of studies in Nepal that analyze the impact of program intervention on value chain
analysis of various non-timber forest products are largely based on qualitative tools and techniques. Hence, this
study intends to fill the research gap by applying propensity score matching technique to evaluate the impact of
Himalayan nettle value chain development intervention on households’ income from the sale of nettle products
in Darchula district of Nepal.

2. The Himalayan Nettle Value Chain Intervention in Kailash Sacred Landscape

Kailash Sacred Landscape Conservation and Development Initiative (KSLCDI) is a trans-boundary collaborative
programme among China, India and Nepal with a focus on conserving and developing natural resources. In
Nepal, KSLCDI is jointly implemented by Ministry of Forests and Soil Conservation, Government of Nepal,
Research Centre for Applied Science and Technology (RECAST), Tribhuvan University and ICIMOD in four
districts of mid and far western regions of Nepal. The KSLCDI at ICIMOD has worked on capacity development
of the communities, thus adding value to the Himalayan nettle products and improving market linkages. In fact,
the program intervention was carried out from 2013 to 2015 in a recently established conservation area Api
Nampa Conservation Area (ANCA). With a focus on promoting livelihood, the KSLCDI has adopted value chain
development approach, whereby the Himalayan nettle was chosen for livelihood promotion of the rural
communities. Intervention at various levels started from 2013 with the development of criteria to selection of
value chain emphasizing on conservation and development. Various capacity building trainings at community
levels were conducted. A number of enterprise development interventions that helped produce value added
products such as bags, shawls, penholders, and other items were conducted at the local level. Several women
leadership and mentoring programs, exposure visits and participation at trade fairs for marketing skills were
conducted in 2015. In fact, KSLCDI has adopted a phase-in approach for this intervention. The first phase was
initiated during 2014 after completing various scoping and assessment studies in 2013. During the first phase of
the intervention, KSLCDI identified interested groups of people who would like to adopt the Himalayan nettle
(also known as allo in Nepali) as innovative livelihood option. Following which, Bhumiraj allo association was
registered as a processing center at Khar VDC of Darchula district with an objective to strengthen horizontal
linkages so that the community will have better volume and higher bargaining power. The members of the
association were mostly women as the nettle thread making, weaving, knitting and stitching are mostly done by
women. Various capacity development activities throughout the year were organized in order to improve the
quality of thread, develop new products and so forth. A common facility center with improved equipment and
technology was provided to the association so as to increase efficiency as well as quality of products made out of
the nettle. The assurance of market and the presence of private sector providing various trainings and exposure
visits as well as offering buy back guarantee encouraged farmers to adopt new technology and accept the
Himalayan nettle as an alternative livelihood option for them. Bhumiraj association started with 26 members and
now has 76 members mainly from wards 1, 2, and 3. During the second phase, KSLCDI established
Sundamunda allo association in 2015, comprising 35 members mainly from wards 7, 8 and 9 of Khar VDC of
Darchula district.Thus far, KSLCDI has conducted preliminary capacity building related activities with this
group.

3. Site and Data Description

Khar VDC (80.640171°E, 29.794159°N) of Darchula district is our pilot intervention site, while control
households are randomly selected from nearby Yarkot VDC (80.690341°E, 29.837993°N) of the same district.
The district is located at an altitude of 889 meters. It lies in the remote far-western region of Nepal and is
bordered by India to the west and China to the north.
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DARCHULA DISTRICT

Figure 1. Map of Nepal depicting Darchula district
Source: Office for the Coordination of Humanitarian Affairs (OCHA), United Nations, Nepal (2008).

The top left corner shows the map of Nepal with the red triangle depicting Darchula district, and the central
image is the map of Darchula district (Figure 1).
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Figure 2. Map of the study area
Source: Geospatial Solutions Unit, [CIMOD.

A questionnaire was developed and administered to household heads or other responsible household members
for data collection. A non-experimental survey design was adopted for this study. Using the household survey
questionnaire, a rapid mid-term assessment of the Himalayan nettle value chain intervention was conducted and
so information from randomly selected beneficiary households (i.e. members of Bhumiraj allo and Sundamunda
allo associations) was collected. Information from another randomly selected 35 households was collected from
ward 9 of the nearby Yarkot VDC, where the Himalayan nettle value chain development is not being
implemented, but the households are traditionally involved in the nettle collection and production. It is assumed
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that these randomly selected 35 households will serve as control (non-beneficiary) households to our design. The
baseline data basically captures information on household head’s occupation and household’s income; their
involvement in agriculture and farming; the Himalayan nettle collection and production; Hemp (Cannabis)
collection and production; Nigalo (Drepanostachyum khasianum) collection and production; Bamboo (Poaceae)
collection and production; and livestock rearing. Like the nettle value chain beneficiary wards (1, 2, 3, 7, 8, and
9 in Khar VDC), the selected control ward 9 is the highest nettle producing ward in Yarkot VDC. Survey VDCs
are marked with star as shown in Figure 2. Raw data was entered into excel and then imported into STATA for
final data analysis.

4. Analytical Framework

The ideal scenario for impact evaluation is the Randomized Controlled Trial (RCT) which economists often call
it the gold standard for evaluation due to randomly assigned interventions. Randomization implies that
reasonable care is taken to ensure that every entity has an equal probability of being in either the treatment or
control group (Becerril & Abdulai, 2010). But in the absence of non-randomness, where program participation
becomes a self-selection issue, propensity score matching (PSM) is used in assessing the causal effect of
program participation on the core outcome of interests (Wu et al., 2010). PSM compares the outcomes of
treatment group with observationally similar nonparticipants (i.e. control group) to estimate the effects of the
intervention (Heinrich et al., 2010).

The members of the associations so formed in Darchula under KSLCDI were provided trainings on the
Himalayan nettle value chain development over the years. The site selection was not random and even the
households that participate in the training programs were self-selected. For impact evaluation, the control
households were randomly selected from nearby Yarkot VDC of Darchula district. These households are similar
in socioeconomic characteristics to that of treatment households. Furthermore, they are equally involved in the
Himalayan nettle collection, production and sale of nettle products, thus qualifying them as counterfactuals in
this non-experimental survey design.

In order to compare the outcome of program participants with those of eligible non-participants from the control
group, one needs to estimate the average treatment effect on the treated (ATT). More importantly, both the
treatment and control households should be similar in terms of socio-economic characteristics. As shown in
Heinrich et al. (2010), the average treatment effect on the treated (ATT) that captures the impact of the program
on participating individuals is given by:
ATT = E (Y, — YD = 1) 1)
Mathematically, ATT can be rewritten as:
ATT = E (WD = 1) — E (YoD = 1) 2)
The second term, £ (Yo|D = 1) is the average outcome that the treated individuals would have obtained in the
absence of treatment, which is unobservable.
But we do observe the average outcome for control individuals. Essentially, we can calculate:
A=E WD =1)-E (YD = 0) 3)
Adding and subtracting E (Yo|D = 1) in Equation (3), we have,
A=EX|D=1)-E(YoD=1)+E (YoD=1)—E (Yo|D=0)
A=ATT+ E (Yo|D = 1) — E (Y4|D = 0) (from Equation (2))
A=ATT+ SB

Source: Heinrich et al. (2010). 4 primer for applying propensity-score matching. Inter-American Development
Bank, Washington DC, USA.

The second term SB is the selection bias that basically captures the mean differences between the counterfactual
for treated group (i.e. unobservable) and the observed outcome for the untreated group. If this term is zero, then
there is no selection bias and so Equation (3) would give us an unbiased estimation of program impact. But given
the nature of non-randomness in program placement, selection bias exists. And so, simply differentiating the
mean outcomes between the treated and untreated groups will be a biased estimator of ATT (Wooldridge, 2010).
For the correct estimation of the parameter, selection bias must be zero.

But in this study, the program intervention is a purposive one as reflected with program selection site as well as
formation of Himalayan nettle (allo) associations. Had the program intervention been purely random, then the
treatment status (D) would be uncorrelated with covariates (both observable and unobservable) and so the
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potential outcomes would be statistically independent of the treatment status (Heinrich et al., 2010). This is
known as conditional independence assumption. In technical notation:

(Y1, Yo)LD “

Where, Y; = outcome for treated group; Y, = outcome for control group; D = treatment status (1 for treated and 0
for control groups).

This basically hints that all the characteristics of the individuals are essentially similar between treated and
untreated groups. So on an average, the mean characteristics between these two groups will be similar, meaning:

E (YD = 1) = E (YD = 0) &)

The Equation (5) implies that the expected outcomes for the treated individuals in the absence of treatment
(unobservable) would be equal to that of untreated individuals (observable). So the left hand-side can be
substituted with the right hand side to estimate the ATT in Equation (2). Hence, randomized experiments ensure
that the bias term is zero and the program impact is simply the difference between the average outcomes between
treated and untreated groups (Heinrich et al., 2010).

The second assumption that must uphold for unbiased estimation of ATT is the common support condition also
known as overlap condition. This basically ensures that there is sufficient overlap in the characteristics of the
treated and untreated units to find adequate matches’ (Mendola, 2007). But PSM does not take into account any
biasness emerging from time invariant unobserved heterogeneity. To overcome such biasness, PSM method can
be employed first and then difference-in-difference model in a panel dataset (Bryson, 2002). For instance, using
household-level fixed effect in panel dataset, Khadka (2009) analyzes the impact of availability of microfinance
on child labor in rural Bangladesh.

5. Results and Discussion

Table 1 provides a summary statistics of key variables. The mean total income from the sale of Himalayan nettle
products in 2015 for both treatment and control group is NPR 2422 (1 US$ = NPR 107). Interestingly, the mean
total income from the sale of nettle products has been increasing over the years (Table 1). On an average, the

households possess 6 bullock/cows. Nearly 88 percent of the survey respondents said that agriculture is their
principal occupation.

Table 1. Summary statistics

Variables Mean Std. Dev. Min Max
Total income from the sale of Himalayan nettle in 2015 24222 12429.2 0 150000
Total income from the sale of Himalayan nettle in 2014 1467.1 8319.6 0 100000
Total income from the sale of Himalayan nettle in 2013 1331.6 6771 0 80000
Total number of bullock/cows 5.5 2.0 2 12
Household head respondent (Male = 1, female = 0) 0.3 0.4 0 1
Household head main earning (If agriculture then 1, else 0) 0.8 0.3 0 1
Agriculture land owned (Ropani) 11.2 6.3 1 40
Himalayan nettle bark extraction in 2015 (kg) 17.9 33.8 0 300
Himalayan nettle bark extraction in 2014 (kg) 14.8 29.1 0 200
Himalayan nettle bark extraction in 2013 (kg) 10.9 23.8 0 150
Total hemp income in 2015 457.1 1212.4 0 10000
Total nigalo income in 2015 1595.5 6593.5 0 65000
Total income from bullock/cows by-products in 2015 4349 13243 0 7000
Total earnings from sale of crops in 2015 3177.2 8769.2 0 78000
Training in 2015 (Treatment = 1, control = 0) 0.7 0.4 0 1

Total number of observations (N) 146

Note. the min. value for total income from the Himalayan nettle is zero because some of the households’
production is not sufficient enough for sale.

The average land owned is approximately 11 ropanis (1 hectare = 19.65 ropani) per household (Table 1). The
mean earnings from the sale of nigalo products are considerably higher than that of earnings from the sale of
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hemp in 2015. The mean earnings from the sale of various crops (wheat, maize, barley etc.) in 2015 is NPR
3,177. And nearly 75 percent of the respondents said that they received training on nettle value chain
development in 2015.

Table 2. Mean comparison between the treatment and control households before matching

Mean (Control group) Mean (Treatment group)

Variables Mean difference

N =37 N =109
Agriculture land owned (Ropani) 6.7 12.7 -6.041%%*
The Himalayan nettle bark extraction in 2015 (kg)  37.9 11.1 26.836%**
The Himalayan nettle bark extraction in 2014(kg)  32.2 8.9 23.32]%**
The Himalayan nettle bark extraction in 2013(kg)  30.0 4.5 25.477***
Total nigalo income in 2015 (NPR) 1945.9 1476.6 469.340
Total earnings from sale of crops in 2015 (NPR) 7334.4 1766.0 5568.404%**
Total Himalayan nettle income in 2015 (NPR) 2047.5 2549.4 -501.882
Total Himalayan nettle income in 2014 (NPR) 1380.6 1496.4 -115.792
Total Himalayan nettle income in 2013 (NPR) 1322.9 1334.5 -11.614
Household head main earning 0.8 0.8 0.020
(If agriculture then 1, else 0)
Household head main occupation 0.8 0.8 -0.007
(If farming on owned land then 1, else 0)
Household head respondent (Male = 1, female =0) 0.9 0.2 0.708%*%**
Total hemp income in 2015 (NPR) 1476.7 111.0 1365.748%**
Total livestock expenses in 2015 (NPR) 9443.2 2037.6 7405.629%**

Note. *** denotes that mean differences between treatment and control households are statistically significant at
1 percentage level.

There are statistically significant differences in a number of observable covariates between the treatment and
control households. The average landholding for treatment households is higher than that for control households
and the difference is statistically significant at 1 percent level (Table 2). On the other hand, mean nettle bark
extraction in all the years is significantly higher for control households than that for treatment households (p <
0.01). Likewise, mean earnings from sale of various crops (wheat, maize, barley etc.) in 2015 for control
households are significantly higher than treatment households (p < 0.01) (Table 2). The mean earnings from the
sale of hemp products is significantly higher for control households than that for treatment households (p < 0.01)
(Table 2). And the control households spent significantly higher on livestock than treatment group in 2015.

A Logit model is used to predict the probability of household’s participation in Himalayan nettle value chain
development training. Table 3 reports the associated logit estimates. Findings show that gender of the household
head, agricultural land holding and total livestock expenses in 2015 are important variables that determine
household’s propensity to participate in the training program.
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Table 3. Results of Logit estimation of propensity scores

Variables Coefficient Z-value
Total income from the sale of Himalayan nettle in 2014 (NPR) .0003 0.80
Total income from the sale of Himalayan nettle in 2013 (NPR) -.0002 -0.39
Household head respondent (Male = 1, female = 0) 2.4 -2.12%*
Agriculture land owned (Ropani) 29 2.61%**
Himalayan nettle bark extraction in 2015 (kg) -.06 -1.60
Himalayan nettle bark extraction in 2014(kg) .02 0.81
Himalayan nettle bark extraction in 2013(kg) -.01 -0.31
Total hemp income in 2015 (NPR) -.0002 -0.65
Total nigalo income in 2015 (NPR) -.00004 -0.51
Total earnings from bullock/cows by-products in 2015 (NPR) -.0003 -1.35
Total livestock expenses in 2015 (NPR) -.0001 -2.64%**
Total earnings from sale of crops in 2015 (NPR) -.00004 -0.66
Constant 1.84 -1.35
Number of observations(N) 146

Pseudo R’ 0.70

Note. ** and *** denote significance at 5 and 1 percent levels respectively.

Explanatory variables include total income from the sale of nettle products in 2014, total income from the sale of
nettle products in 2013, a dummy variable representing gender of the household head, agriculture landholding,
total earnings from the sale of various crops in 2015 and total livestock expenses in 2015, among others. The
pseudo-R? of the Logit model estimate is 0.70 and the combination of variables satisfies the balance requirement.

Results show that female household heads have a higher probability of participating in the training program.
With male household heads, there is a significant negative effect on propensity to participate in the Himalayan
nettle value chain development training program. This is consistent with the general findings that more females
than males are involved in collection, processing and marketing of nettle products in Darchula district.
Households with more agricultural land area are more likely to participate in Himalayan nettle value chain
development training program. And total livestock expenses in 2015 have a negative effect on propensity to
participate in the nettle value chain development training program. This may be because higher livestock
expenses are directly associated with number of livestock. Households with more livestock tend to spend
significant time rearing their cattle and have less time for the nettle collection, processing and marketing
activities.

5.1 Effect of Different Matching Algorithms

With the use of propensity score matching, we obtain the average treatment effect on the treated (ATT) as well as
matched treated and non-treated observations. There are several matching techniques to estimate the effect of
program participation (i.e. training) on households’ total income from the sale of nettle products in 2015. The
most widely used matching algorithms are the nearest neighborhood matching (NNM) and kernel-based
matching (KBM). The NNM technique chooses matching partners (households) from the treatment and control
groups that are closer with each other in terms of propensity scores. On the other hand, KBM is non parametric
method that uses the weighted average of the outcome variable for all individuals in the control group to
construct the counterfactual outcome. The weighted average is compared with the outcome for the treatment
group. The difference estimates the impact of treatment on treated (Heinrich et al., 2010). Caliper matching
approach is also employed in this paper. Caliper matching basically throws out the treated units that do not have
‘good’ matches.
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Table 4. Effect of training on households’ total income from the Himalayan nettle in 2015: matching estimates

. . Average treatment effect Common support Balancing property
Match lgorith: . .
atehimg algoritims on treated (ATT) imposed satisfied

Nearest neighborhood matching (1) 2265 (1.67)* Yes Yes
using one nearest neighbor

Nearest neighborhood matching (2) 2329 (1.72)* Yes Yes
using two nearest neighbors

Nearest neighborhood matching (4) 2409 (1.79)* Yes Yes
using four nearest neighbors

Caliper = 0.25 2265 (1.67)* Yes Yes
Kernel based matching 2345 (1.09)* Yes Yes

Note. z-statistics are in parentheses. * denotes significance at 10 percent level.

Matching estimates show that participation in the Himalayan nettle value chain development training programs
has a positive and significant impact on household’s total income from the sale of nettle products in 2015. NNM
(1) uses one nearest neighbor from the control group that is closest with the household in the treatment group in
terms of propensity score. On the other hand, NNM (4) uses four nearest neighbors for matching purposes.
Caliper (0.25) matching restricts Pscore matches to be within 0.25 and so throws out the treated units that do not
have a control case within the range of the caliper. NNM (1) and KBM show that participating households earn
more than non-participating households from the sale of nettle products by NPR 2,265 per annum and NPR
2,345 per annum respectively (Table 4). In sum, the participating households’ annual incomes from the sale of
Himalayan nettle products increases by NPR 2265-2410 than that of non-participating households with similar
socio-economic characteristics. Findings are consistent with all the matching algorithms.

Table 5. Mean values for treatment and control groups after matching

. Mean . t-test

Variable % bias

Treatment  Control t P>t
Agriculture land owned (Ropani) 12.77 12.31 8.7 0.61 0.54
Himalayan nettle bark extraction in 2015 (kg) 11.11 1.85 26.7 3.27 0.001
Himalayan nettle bark extraction in 2014 (kg) 8.92 1.16 25.8 3.26 0.001
Himalayan nettle bark extraction in 2013 (kg) 4.53 1.2 13 2.16 0.032
Total nigalo income in 2015 (NPR) 1477 110 23 1.96 0.051
Total earnings from bullock/cows by-products in 2015 (NPR) 115 1202 -71.2 -9.01 0.000
Household head respondent (Male = 1, female = 0) 0.21 0.63 -120 -6.94 0.000
Household head main earning (If agriculture then 1, else 0) 0.87 0.39 146.5 8.37 0.000
Total earnings from sale of crops in 2015 (NPR) 1766 428 17.1 1.51 0.133
Total hemp income in 2015 (NPR) 111 90 1.5 0.32 0.746
Total income from the sale of Himalayan nettle in 2014 (NPR) 1497 78 20.6 1.54 0.124
Total income from the sale of Himalayan nettle in 2013 (NPR) 1335 69 224 1.7 0.091

sample Pseudo R-squared  Mean bias for observed variables

Unmatched 0.632 75.7
Matched 0.524 34.6

Mean standardized biasness among covariates has been significantly reduced after matching. The mean bias for
observed covariates dropped from 75.7 to 34.6 (Table 5). Furthermore, we check whether the balancing property
has been satisfied or not.
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Figure 3. Checking for balanced match

Figure 3 shows that covariates are balanced across treated and non-treated groups in sample matched or
weighted by propensity score. In essence, there is less biasness in the various covariates after matching between
them. This also suggests that there is sufficient overlapping in the propensity scores of the treated and
non-treated groups/households before matching.

Figure 4 presents the distribution of the propensity scores as well as the region of common support for both
treated and non-treated groups. The idea is to see if we have enough overlap between the treated and non-treated
groups to make reasonable comparisons. Looking at the graph, one finds that almost all the treated cases have
propensity scores in the range of 0.8 to 0.9, and there seem to be few non-treated cases in that range (Figure 4).
There are non-treated cases everywhere, but most of them appear to be concentrated in the range of 0.01 to 0.2.

T T T T

4 .
Propensity Score

I Untreated [ Treated

Figure 4. Checking for common support

There is a clear biasness in the distribution of the propensity scores between the treated and non-treated groups.
Therefore, proper matching is essential and the common support condition will remove the bad matches. Hence
to further examine whether common support property is imposed or not, we plot a histogram of the non-treated
cases with propensity scores greater than 0.1 to better see the frequencies at the top end (Figure 5).
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Figure 5. Common support property whether imposed or not

Figure 5 clearly depicts that there are non-treated cases that span the full range of propensity scores, but not
many of them. Since we are doing matching with replacement, few non-treated cases with high propensity scores
are used multiple times as matches to treated cases.

6. Conclusion and Way Forward

Using PSM technique, this paper examines the impact of the Himalayan nettle value chain program participation
on households’ income from the sale of nettle products in 2015. In the absence of randomization of the program,
mere investigating the differences between the mean outcomes of treated individuals with that of non-treated
individuals will yield biased estimation. Since PSM addresses biasness based on observable characteristics, it
offers robust and reliable impact evaluation estimates.

In sum, this paper finds that program participation has positive and significant impact on the households’ annual
income from the sale of Himalayan nettle products. The participating households’ annual incomes from the sale
of Himalayan nettle products increases by NPR 2265-2410 than that of non-participating households with similar
socio-economic characteristics. The study therefore argues that training on product development and market
linkages are important to help increase productivity and decrease per unit cost of production of non-timber forest
products like the Himalayan nettle. As such, District Development Committee (DDC) and Api Nampa
Conservation Area (ANCA) need to promote Himalayan nettle and invest in the promotion of such non timber
forest products. High quality end products made of Himalayan nettle are exportable and so the local government
should facilitate mechanisms for the nettle collection, transportation and processing eliminating a lengthy
procedure of getting collection permit. In essence, value chain development and market linkages are of utmost
importance to diversify alternative livelihood options for natural resource dependent rural poor, thereby
increasing their income from sustainable harvesting of non-timber forest products.
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Notes

Note 1. The Himalayan nettle and nettle are interchangeably used throughout the paper.
Note 2. 1 US$ = NPR 107.
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