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Abstract. In Vietnam as in other developing countries, firewood, including biomass is very important
in rural areas as the main energy source and a part of the subsistence livelihood for ethnic minority
communities. Rangers still carry out patrol activity for reducing the firewood collection inside nature
reserve areas. However, before this study, little research had been conducted in the buffer zone of Pu
Hu nature reserve (NR). The study was conducted to obtain an understanding of household firewood
used, and the factors which influence firewood consumption. The methodology included
questionnaires, observing household practices, and in-depth interviews with village leaders and local
rangers with patrol activity currency. A survey of 248 households was conducted in five villages
including households from all three ethnic minorities living in the area, who were found to require
firewood as a primary resource. Firewood consumption was greatest among the Thai minority families
(187.62 kg/household/month), followed by the Muong and Mong minorities (112.61 and 101.96
kg/household/month, respectively). Economic development was the most important factor in the
demand for firewood because of consumption for household businesses. An important finding from this
research was that the respondents indicated that rangers did not patrol frequently nor did they strictly
enforce the regulations prohibiting the collection of firewood. A well-managed firewood resource
could support minority households’ requirements, improve fire-efficiency, and contribute to natural
reserve objectives through ranger’s efforts.
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Introduction

Since the time a human lit the very first fire, biomass resources have contributed to
providing energy for millions of people (Kimemia and Annegarn, 2011). Particularly,
in developing countries, forest resources are intensively used by remote communities,
even inside nature reserves, and play important roles in their livelihoods (Kumar and
Shahabuddin, 2005; Kim et al., 2016). Forest extraction, including timber, hunting,
firewood, and grazing, either for direct use or business, has been regarded as a critical
issue confronted by management in protecting forest resources (Hegde and Enters,
2000). Sources of firewood are one of society’s oldest requirements (Lindroos, 2011),
and a vital source of household energy in rural areas essential in the preparation of
many staple foods (Biran et al., 2004; Mon et al., 2012). The reality of demands for
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traditional biomass in the form of firewood from forest resources is and will continue
to be crucial for energy management and for ethnic people (Ektvedt, 2011; Maes and
Verbist, 2012) and pressure on forests due to the continuous loss of biomass will also
continue (Chettri et al., 2002).

Forests are one of the most important sources of firewood (Sassen et al., 2015) and
are the main and the most frequently used energy source in remote areas in developing
and poor countries (Kim et al., 2016; Reyes et al., 2018). Nearly 3 billion people
continue to use fuelwood in their daily lives (He et al., 2009) as the first choice of
energy for cooking and heating rooms (Felix, 2015) and it is also used for heating
water or conducting traditional businesses within households (Nyambane et al., 2014;
Wang et al.,, 2015; Schueftan et al., 2016). However, the distribution of forest
resources for traditional use as fuelwood is increasingly affecting biodiversity and
decreasing forest cover (Maes and Verbist, 2012). Sassen et al. (2015) found that the
amount of dead wood or resident natural forest was affected by fuelwood collection
for up to 1000 m inside the boundary of parks in upland Uganda and local villagers
who live near to protected tropical forests particularly depend on those forests as their
primary source of firewood.

Similarly, in Vietnam, most households depend on firewood to satisfy their demand
for energy. Firewood is collected from farms, community and private forests, and
private plantations as either live or dead wood (Nyambane et al., 2014) where tree by-
products such as pruned branches from bamboo plantations, agricultural waste, and
dry plantation wood are collected (Nyambane et al., 2014). Firewood, in Vietnam and
other countries is considered as being a free commodity, which may be collected
without cost other than that associated with the gatherer’s own personal efforts (Kim
et al., 2016). In the buffer zone of Pu Hu nature reserve (NR), the collection of
firewood is strictly regulated through restrictions on wood-cutting (Nyambane et al.,
2014). The scale of the households’ requirement for and use of firewood is a critical
issue that confronts forest management (Wang et al., 2015). This is particularly
critical in mountainous regions, where limited energy sources lead to high pressure on
scarce natural resources (Rantala et al., 2004; Mislimshoeva et al., 2014).

People’s requirement for firewood as a basic source of energy is causing serious
deforestation problems in various developing countries (Fox, 1984). The increased
demand for firewood threatens the habitat of many wildlife species (Carey and Gill,
1980) in protected areas, and there is a need for an improved understanding of the use
of the resource to enable conservation strategies to be better adapted to local
livelihoods (Abbot and Mace, 1999). Ormsby and Kaplin (2005) found that even
though residents were mostly aware of a NR’s existence they were unfamiliar with its
goals resulting in a problematic relationship between NRs and human communities
{Formatting Citation}. This means that even with increased time devoted to patrolling
or more severe penalties, law enforcement practice alone is unlikely to safeguard
protected areas because there are no alternative supplies of firewood which can be
used by local people (Abbot and Mace, 1999).

There have been few studies of firewood consumption conducted in Vietnam. The
FAO (2017) reported that the firewood and energy sectors were estimated to have
extracted around 5 million tons of fuelwood in 2016 consisting of charcoal, chips,
residues, and pellets. The daily firewood demand for traditional pig production in Hue
province has also been estimated to lie somewhere between 6.1 and 21.3 kg (Lan et
al., 2002; Kien and Harwood, 2017).
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Wasted agricultural residues are a very abundant source of biomass (Tung, 2009)
and are traditionally burned as firewood as a source of energy in Vietnam (Khoa et al.,
1999). Nonetheless, available data on firewood consumption in different areas in
Vietnam is lacking (Kim et al., 2016), and there has been relatively little research
attention devoted to the assessment of firewood use for daily needs in the buffer zone
of Pu Hu NR. In fact, there is little information available regarding firewood
extraction and use by minority n the buffer zone of the protected area around the NR,
or in Vietnam generally. Firewood extraction by ethnic minorities may be having an
impact on conservation on the area studied in the research described in this paper.
Moreover, the effects of firewood collection and law enforcement practices related to
natural resources are frequently not fully investigated nor understood (Brown et al.,
2009)

To gain a better understanding relating to these issues, research was conducted on
firewood extraction in the buffer zone of Pu Hu NR, Vietnam. The aims of this study
were to identify (1) different forms of firewood consumption based on location and
ethnic minority; and (2) to foster cooperation between ethnic minority households and
NR rangers. The final objective was to support forest management’s efforts to adjust
their law enforcement practices to take into account ethnic minority households’
demands for forest resources.

Materials and methods
Research site

Pu Hu NR, located in Quan Hoa and Muong Lat districts in Thanh Hoa province in
northeast Vietnam, was established in 1999 as a NR by the government of Vietnam
and is one of the largest in this province covering around 28.000 ha. It is managed by
the Pu Hu management board in Quan Hoa district and is located in a mountainous
area (latitude 20°30° to 20°40°N and longitude 104°40° to 105°05°E) (Fig. 1). It is
home to a number of endangered animals, and rare plant species. Following the
establishment of the NR, all extraction activity by people living in the area of the NR
was made illegal. However, even after the NR was established, the extraction of folder
and fuelwood has been informally allowed although people are not allowed to enter
the NR without official permission. Communities living around Pu Hu NR practice
subsistence farming based on the cultivation of crops and supplement those crops by
the exploitation of non-timber forest production (NTFPs), raising livestock and by the
cultivation of bamboo (Thapa and Chapman, 2010). The biggest management issues
include the relatively unrestricted extraction of forest resources by local residents
from the surrounding area (Allendorf and Allendorf, 2012). The major forest resource
use focused on in this case study is the requirement for firewood as a source of energy
for the ethnic minority households in the area..

This study was conducted during the cold season, extending from November 2017
to March 2018 in the buffer zone of the Pu Hu NR, where there are 24,569 residents in
5,694 households living in 61 villages in 11 communes in two districts (Muong Lat
and Quan Hoa). Most local people practice farming, cultivating crops such as paddy,
maize, manioc, and vegetables. There has also some forestry activities including the
extraction of both timber and non-timber products. Other occupations include
harvesting bamboo, retailing and working as hired labor.
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Figure 1. The location of case study of Pu Hu NR

Data collection

Data on firewood use was collected in fieldwork using a questionnaire, observation
and face-to-face interviews between November 2017 and February 2018. For the buffer
zone of Pu Hu, over 90% of the households from different minorities in 5 villages in 5
communes were sampled and interviewed as well as being observed in their daily
firewood collecting activity. Household surveys and Interviews were carried out in
between 40 and 80 households per village and were conducted either by one of the
researchers or by the village leader, based on visiting each household. By preference the
head of each family was interviewed, who either completed the questionnaire or
answered the questions asked by the interviewer, the answers to which were then filled
in on the questionnaire by the interviewer. In most cases the head of household was
male and it was a more difficult to interview women among the ethnic minorities
because they were mostly illiterate or felt ashamed at being asked questions. If the head
of the household was not available a willing member of the household was selected
(Thapa and Chapman, 2010). Before the interviews took place there was a meeting in
the village with a head of the village who was a key-informant, to gain an understanding
of the background of changes. It had taken place in the area in the past as well as
obtaining background information on socio-economic conditions, village size, and the
distribution and number of households and the size of their families, and a list of
households was obtained.

The researcher also interviewed a number of Pu Hu NR rangers in order to gain an
understanding of the situation regarding the collecting of firewood, and to gain an
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understanding the law enforcement regime relating to firewood collection in the buffer
zone, as well as to discuss the government’s firewood programme.

The questionnaire was formulated in English then translated into Vietnamese (Sousa-
Silva et al., 2016) and consisted of a mixture of open-ended and closed-ended questions
in three parts: the first relating to the respondent’s socio-economic situation (Table 1),
the second to establish the household’s requirement for firewood, and the third to gain
an understanding of the household’s perspective relating to the NR rangers’ activities.

Table 1. Description of socio-economic aspects from survey

Social-economic

Classification

Description

parameter
Gender
Age (years)
House size
Number of families

Wealthy (>76 USD)
Household income Average (51-75 USD)
(per month) Close to poor (31-50 USD)
Poor (£30USD)

Education level of the
leader of household

Tertiary education
High school
Secondary school
Primary school
No formal education

Upper 12 years of education
10-12 years of education in high school
6-9 years of education in secondary school
1-5 years of education in primary school
Not educated in school

Occupation of person

Full-time farming

Working in the field all the time

interviewed in household

Part-time farming Doing some other job in addition

Data analysis

Data relating to the households’ income levels, firewood use, and the purposes for
which firewood was used by the households in the selected villages were collected from
interviews. Data on the firewood consumption situation by the different ethnic minority
households were summed and averages and percentages for each minority were
computed (Kim et al., 2016). Data analysis was performed using the SPSS version 20
software package and Microsoft Excel. Both descriptive and statistical data analyses
were performed. The calculation of sample means, standard errors, medians, minimum
and maximum values, and frequency distributions was conducted.

Inferential statistical analysis was used to discover the relationships among the
relevant variables. Because the data was not normally distributed, the Mann-Whitney U
test for two variables and the Kruskal-Wallis test for more than two variables were used
in SPSS, to analyze the data with any significant differences expressed at the 0.05 level
(or higher where indicated in the text). The estimated volume of firewood consumed by
the three ethnic minorities in the five villages was computed based on the data from the
questionnaires.
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Results
Background information established from the survey of households

Three-quarters of the 248 interviewees (75%) were male and the age of the
interviewees ranged from 20 to 75 years with the median age, 36 years (Table 2). the
largest age group, represented was 20-35 years with 48% of the respondents. The
average house size was 144.6 m?, varying between 23 and 450 m? and more than half
the houses (54%) were below 100 m®. The mean number of persons in each household
was five, ranging from 3 to 12 members and more than half of the households (56.5%)
had between five and eight persons. Regarding the income situation of the households,
around 64% fell within the poor level, whilst those close to poor or with an average
living standard accounted for 19.4 and 7.7% of the households surveyed, respectively.
More than half of the interviewees in the households (57.3%) had had secondary school
level education (five years and four years of education in the primary school and
secondary school, respectively). Based on occupation, 87.9% of the interviewees in the
households were full-time farmers.

Table 2. Summary of socio-economic respondents based on the survey

Social-economic situation Categories Frequency (n) Proportion (%)
Male 186 75.0
Gender

Female 62 25.0
20-35 118 47.6
Age ( | 36-50 95 38.6

e (years
el 51-65 29 11.7
66-75 6 2.4
<100 135 54.4
. 101-200 65 26.2

House size
201-300 29 11.7
>301 19 7.7
<4 108 435
Number of persons 5-7 120 48.4
>8 20 8.1
Wealthy 22 8.9
) Average 19 7.7

Household income (per month)

Close to poor 48 194
Poor 159 64.1
Tertiary education 1 04
_ High school 22 8.9
Education level of the leader of Secondary school 142 573

household
Primary school 69 27.8
No formal education 14 5.6
Occupation of person interviewed in Full-time farmer 218 87.9
household Part-time farmer 30 12.1
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There were significant differences in socio-economic conditions among the
household in the Pu Hu buffer zone with income earned by the three ethnic minorities
different, at the p < 0.001 level. The Thai ethnic minority earned the highest average net
annual income of 64.67 = 51.80 USD/person/month, while the lowest income was
21.98 +12.33 USD/person/month for the Mong minority. Further, there were
moderately low but significant correlations between the socio-economic data and
firewood consumption. The total amount of firewood used was correlated with house-
size, number of persons, and income based on Spearman rank order correlations (rs) of
0.24, (p <0.01), 0.24 (p <0.01) and 0.30 (p < 0.01) respectively for the communities.

Location of firewood collection areas for daily use

All the ethnic minority households used firewood baskets carried as headloads as
illustrated in Figure 2, and they frequently carried large loads supported by both their
backs and heads as reported by Sassen et al. (2015) in research in protected areas in
Uganda. Additionally, 65% of the respondents transported firewood-using motorbikes,
and some households also used bicycles.

a ‘ b c

Figure 2. Photographs of typical headloads in the field (@) Muong; (b) Thai; (c) Mong.
(Source: Pu Hu NR and author)

When asked about the main natural forest resources used by their household, all the
respondents stated that their family as a source of energy used firewood daily. Of the
respondent households, 74 and 163 were involved in harvesting timber and NTFP
respectively. There were three sources of firewood collected as a daily activity: Pu Hu
NR, private forest, and agricultural land. The three minorities mainly collected firewood
in forestland (Mong: 28%, Muong: 12% and Thai 18%; see Fig. 3). In the Pu Hu NR,
the Mong minority was the main group who collected firewood accounting for about
10% of the firewood they extracted (Fig. 3), while the percentage of firewood collected
by other minorities was less than 2%.

Furthermore, for daily cooking and boiling water as shown in Table 3, the Thai
ethnic minority households required the greatest amount of firewood (36.02 + 10.08 kg)
while the Mong and Muong minorities used less for these purposes (31.51 + 17.25 and
22.57 + 11.59 kg, respectively). Similarly, the amount of firewood used for heating was
significantly different among the ethnic minorities (Table 3; Fig. 4). The amount of
firewood used by the Thai minority (21.00 + 11.54 kg) was nearly double that used by
the Mong minority (12.88 + 4.34 kg) with the Muong minority being the second highest
(15.01 + 7.80 kg). The average firewood used for this purpose was
15.17 + 7.97 kg/month/household.

There was a significant difference in the monthly amount of firewood used for
livestock, with the lowest mean firewood consumed for this purpose of
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26.48 + 18.27 kg/month/household being found in the Mong minority. It was only
around a third and a fifth that used by the Muong and Thai minorities, respectively,
even though only 75% of the Muong households used firewood for livestock whereas
all the Mong households used firewood for that purpose. The mean amount of firewood
used by all three ethnic  minorities for  their  livestock  was
63.17 + 48.26 kg/day/household.

60%
50%
40%
30%
20%

10% l

0%
PuHu NR  Forestland Agricultural
(12%) (57%) land (31%)

B Muong MThai Mong

Figure 3. Location of firewood collection by three-ethnic minority households (%)

Table 3. Percentage of households using firewood for different purposes and mean monthly
volume consumed

Category of firewood use by | Percentage of households interviewed Mean monthly volume
ethnic minority using firewood for this purpose (kg/household)
Cooking and boiling water

Muong 100% 22.57+11.59
Thai 100% 36.02 +10.08
Mong 100% 31.51 £17.25

Heating

Muong 91% 15.01 +£7.80
Thai 94% 21.00+11.54
Mong 100% 12.88 £4.34

Livestock

Muong 75% 87.07 £31.00
Thai 94% 125.22 £31.49
Mong 100% 26.48 + 18.27

Making wine

Muong 36% 18.31 +£10.49
Thai 29% 34.53 £26.91
Mong 99% 31.37 £857

Bamboo drying

Muong 18% 24.64 +18.24
Thai 10% 40.00 £ 12.25
Mong Not used
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Figure 4. The estimated monthly weight of firewood used in total and for different purposes

Further, the Thai minority households used a significantly higher monthly amount of
firewood for making wine (34.53 + 26.91 kg) than the Mong minority (31.37 + 8.57),
whereas the Muong households used only around half the amount used by Thai
households for that purpose. Moreover, only around 30% of the Muong Thai
households used firewood for this purpose and the number was more than three times
that among the Mong households. The average firewood used for this purpose was
29.48 + 12.71 kg/month/household.
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It was found that none of the Mong households used firewood for drying bamboo but
almost twice as many Muong households used firewood for this purpose than Thai
households. Nevertheless, the amount of firewood used in the Thai households
(40.00£12.25 kg) was higher than that used in the Muong households
(24.64 £18.24 kg) with the average firewood used for drying bamboo being
28.68 + 17.94 kg/month/day.

The average firewood used by the three ethnic minorities combined was
123.19 £ 60.49 kg/month/household. However, the Thai households consumed the
highest amount of firewood per month (187.62 + 67.23 kg), while the Muong and Mong
households consumed broadly similar amounts of firewood (112.61 + 58.03 and
101.97 + 34.57 kg, respectively - see Fig. 4). Furthermore, the use of firewood by the
Thai households for all purposes of daily living was the highest among the three ethnic
minority households. However, the amount of firewood used for heating, livestock and
bamboo drying in the Muong households was higher than that of the Mong households
and overall, the monthly firewood used by each household among the three minorities
was significantly different (H = 67.06; p < 0.01) as was the personal firewood
consumption (H=20.82; p < 0.01).

Interestingly, averaging the observed November to February consumption rates and
extrapolating from that across the total number of individuals (i.e.,
30 kg/person x 12 months). The approximately 360 kg per person of firewood is
consumed by the Muong minority during a year while the firewood used by the Thai
and Mong minorities was lower at 324 kg/year and 240 kg/year.

Ranger activity in the villages

When interviewed, nearly half the Muong and 72% of the Mong said that they
occasionally saw rangers patrolling whereas about 65% of the Thai minority
interviewed said that they sometimes met rangers patrolling (Fig. 5). Interestingly, a
very low percentage of Muong people (1%) generally met rangers while collecting
firewood while nobody in the other ethnic minorities generally saw rangers patrolling.
When asked what happened when they met a ranger, the main proportion experienced
being talked to by the ranger (Muong 55%, Thai 49%, and Mong 85%). The rangers
rarely, arrested people in the three ethnic minorities with only 2% of the Thai people
reporting having been arrested.

Figure 6 details the communication between the minority households and local
rangers with the main percentage (58%) of Muong and Mong households having had
communication with rangers, but 67% of the respondents in Thai households having no
communication with rangers (Fig. 6). Interestingly, the quality of advice from the
rangers reported by almost all the Thais (94%) was normal while the percentage of
‘normal’ advice to the Mong (48%) and Muong (45%) was lower.

There were similar percentages of the three minorities who considered that the
rangers provide technical support for forest development. But the percentages of Mong
and Thai who considered forest policy to be appropriate (70% and 50%, respectively)
was higher than that among the Muong households, many of whom (62%) suggested
that the rangers should come to their villages regularly (Fig. 7). With regard to the
improvement of forest development, the largest number of Muong and Thai households
wanted support for forest activities (58% and 62%, respectively, while most Mong
households felt that the best way to improve forest development was by the selection of
good village leaders.
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Figure 5. Ranger’s patrolling and action when meeting firewood collectors
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Figure 6. Communication with and quality of advice from rangers
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Figure 7. Households’ opinions about improving ranger’s roles and forest development
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Discussion
Firewood use relative to social aspects

Firewood was found to be the main energy source for residents in the Pu Hu buffer
zone and is likely to remain an important natural resource because it is essential for
human activity (Wangchuk et al., 2014). Overall, the firewood consumed by the three
ethnic minorities was significantly correlated with households’ economic indicators,
house-size, and the number of persons in the family (Démurger and Fournier, 2011;
Wang et al., 2015). It was found that all the households had forest land and agricultural
land, and almost all the households conducted farming as their daily activity. The forest
land which makes up the core zone of the NR is far from the area occupied by the
households and thus the collection of firewood is difficult and time-consuming and is
mainly carried out by the women in the family (Abbot and Mace, 1999; Maes and
Verbist, 2012; Tabuti et al., 2003). This study showed that the household size based on
the number members of the family had a relationship with the firewood used and this
finding was similar to the results of previous studies (Marquez-Reynoso et al., 2017,
Win et al., 2018).

Firewood collection and requirement

In the present work, it was found that firewood is a vital resource in the villages
adjacent to the Pu Hu buffer zone (Cardoso et al., 2013). The requirement for firewood
is more common, compared to timber and NTFP because firewood is used as the major
fuel (Kim et al., 2016). Firewood collection on forest land appears to be more intense
than in agricultural land in the region as previously found by Sassen et al. (2015) in the
forest of Mt Elgon National Park (Uganda) and the implementing of a buffer zone is a
way to reduce some of the pressure on NRs (Naughton-Treves et al., 2007). However,
local people (nearly 70%) mainly collected firewood from the forest areas including in
forestland both inside and adjacent to the NR. This activity puts pressure on forest
resources and is likely to lead to serious deforestation (Fox, 1984; Agurto Adrianzén,
2013). In Pu Hu NR, the percentage of household firewood collected in the NR used by
the Mong (about 10%) was the highest among the three minorities. Even though Pu Hu
NR is a protected area it makes a highly important contribution to the livelihood of
households in the area as similarly found by Kim et al. (2016) in considering Ke Go NR
in Vietnam. Moreover, as found by Thapa and Chapman (2010) who conducted
research in Bardia National Park, Nepal when farming areas and the collection of
resources is very important, local people may not be deterred by measures to deter them
from using a protected area. However, the study conducted in Indonesia by Pattanayak
et al. (2004) reported that households extracted firewood from a local NR forest and
their own fields. To collect firewood in the NR, individuals interviewed in this study
said people walked over 2 km taking from 3 h to half of the day to cut and collect a full
head-load of wood (Win et al.,, 2018). The distance between households and the
protected areas is a challenge and discouraged most local people from entering the NR
to harvest firewood.

The estimated yearly quantities of firewood consumed were around 300 kg per
household among the three ethnic minorities living in the Pu Hu buffer zone which was
very similar to the household requirement in the Budongo Forest Reserve, Uganda of
316 kg firewood (Tweheyo et al., 2005). Mislimshoeva et al. (2014) found a per
household consumption of 355 kg year in the Western Pamirs and Bhatt and Sachan
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(2004) suggested that 174 kg of firewood was used per year by each household in
communities in northeast India. Further, Kim et al. (2016) reported a consumption of
about 165 kg per household in the neighbouring province of Nghe An.

Firewood use was highest among the Muong minority (1.03 kg/capita/day), followed
by the Thais (0.89 kg/capitasday) and Mong (0.67 kg/capita/day), irrespective of their
socio-economic status. Comparatively more firewood is used by tribal minorities in
Arunachal Pradesh and Garos in northeast India with 3.1 and 5.0 kg/capita/day,
respectively (Maikhuri, 1991). Sassen et al. (2015) found that people consumed an
average of between 2.14 and 3.88 kg of fuel-wood per capita per year in Mount Elgon
national park in Uganda.

In common with the present study, Victor and Victor (2002) and Kim et al. (2016)
reported that the average firewood consumption was highest for business activities such
as raising livestock. The Thai and Muong minorities are more focused on developing
their economic status, and therefore their requirement for firewood was found to be
higher for this purpose than for others in similar research conducted in Vietnam by Kim
et al. (2016). The livestock business plays a crucial role in household income structure
and pig and cattle raising is important to the livelihoods of various minorities living in
rural areas (Kim et al,, 2016). Based on economic development, the Mong minority
generally had lower household incomes, and therefore their priority use of firewood was
for cooking and boiling water. Moreover, the Mong people also live in more
inaccessible and higher areas than the Thai and Muong minorities.

Connection between households and forest rangers

It is undeniable that firewood is important for a sustainable livelihood among rural
people without access to other sources of energy (Kimemia and Annegarn, 2011).
Households among the ethnic minorities in the Pu Hu buffer zone mainly used firewood
as their source of energy and the main areas for collecting firewood are the forest and
agricultural land which are accessible to everybody in the adjacent villages (Kim et al.,
2016). Thus, It seems that firewood will remain an important source of energy for the
ethnic minority households (Nansaior et al., 2011). Law enforcement is inefficient
because the number of effective patrol days is low compared with the potential number
of scout working days as reported by Bell and Mcshane-Calzi (1986). A different
situation was found by Sassen et al. (2015) in Uganda, where the official allowance per
household under forest protection agreements was one headload, twice per week.
However, in this study it was observed that although officially excluded, local people
have been permitted to collect firewood from the NR area. Rangers at Pu Hu NR said
that firewood was collected from both inside the NR and from adjacent forestland, but
that they do not consider this a major issue because the volume of firewood taken is not
great. This finding is in agreement with those of Kimemia and Annegarn (2011) and
Abbot and Mace (1999) in studies in South Africa and Lake Malawi National Park,
respectively. Based on the reports of the minority Muong and Mong they patrolling
efforts are sporadic and when they encountered the rangers while collecting firewood
they would talk to the farmers rather than arresting them.

Most of the respondents considered that the quality of the rangers’ advice was
normal and there was communication between rangers and some of the people in all
three ethnic minorities. Effective communication is necessary because this enables a
flow of helpful information about the forest and its management, which is necessary to
formulate the authority’s management policy (Wang et al., 2015). Insufficient
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communication between rangers and local people might cause negative behavior related
to illegal activity inside and outside the NR (Obua et al., 1998). It is notable that more
than half of the Muong minority community interviewed expressed the view that the
rangers should conduct regularly patrols in their villages, while most of the Mong
minority considered it more important for the rangers to implement appropriate forest
policy. Due to improvement of forest management, around 80% of Mong respondents
focused on having a good village leader, whereas the other ethnic minorities both
indicated that the forest development policy was more important

Conclusion

Forests are still a major source of firewood for ethnic minority households in Pu Hu
buffer zone and provide them with substantial economic benefits (Wangchuk et al.,
2014). In this study, the patterns of household firewood use were analyzed for the three
minorities in the Pu Hu buffer zone, namely the Muong, the Thai and the Mong, using
primary data obtained during research in villages located adjacent to the Pu Hu NR. The
paper also analyzed the relevant factors that influence household firewood consumption,
including the number of household members, and house-size. A comparison by way of a
descriptive analysis of households of the three minorities was presented and their
firewood requirements were established as being the major demand which they make of
local natural resources (Behera et al., 2015). In the study location, the Thai minority
households tended to consume more firewood than other minorities. However, the
percentage of firewood collected by the Mong households in the nature reserve was the
greatest among the three minorities and whilst the Thai minority constitute the largest
ethnic group, it is the Mong minority who have the traditional culture of collecting
firewood in Pu Hu NR. Thus, NR rangers had to talk to them and demand that they
reduce their collection of firewood in the NR when they met them while patrolling. In
view of this situation, the management of the NR should focus on the firewood needs of
the Mong households, for instance by improving their knowledge of forest protection,
enhancing reforestation, reducing the risk of forest fires, and contributing to
conservation (Wangchuk et al., 2014).

In the long-term, the best way of dealing with this problem would be to provide
greater subsidies for the use of electric power for personal consumers, as a way of
reducing pressure on the forests in buffer zone (Naughton-Treves et al., 2007). In the
short-term, it is suggested that the widespread introduction of improved-design cooking
stoves (both in terms of firing efficiency and heating conductibility) to replace the
traditional three-stone cooking rings used by local people, is pursued as a matter of
urgency (Kim et al., 2016). On the other hand, rangers should regularly patrol and carry
out their responsibility of forest protection, even though in practice, there is little
extraction of firewood from the NR. To enhance the sustainable management of
resources, firewood harvesting by minorities could be controlled by rangers in this
location as part of their duty to ensure that it is carried out in a manner that does not
create ecological impacts. Moreover, the park management should convince villagers to
find ways of working without resorting to illegal resource extraction, which in the long
term would be the best way of preventing ecological damage in the Pu Hu NR (Thapa
and Chapman, 2010). Further, upcoming research should consider on patrolling rangers
efforts in each location that could be influent local’s behavior and firewood collection.
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APPENDIX
Household survey questionnaire
I. General information

Date: Village: ...............
Name: ............covent. ;Age . Ethnic: ............... ; Education: ............
Gender: ............... ; Number of family: ...... / Children: ....................
Household size: ............ m?, Estimated income: ..............ccooue.. VND/month
Living—years in buffer zone: ..... year
Cultivated working time O Full-time I Part-time
Land use of family O Agriculture O Forest

[ Plantation O Other

Il. Firewood aspect

1.

What is your requirement from the forest?

a. [ ] Firewood b.[] Timber c.[] None-timber d. [ ] Other, ....

AT 42
2. Do your family use firewood? Yes [ No [
3. How long has your family used firewood? ......... Years

a.[JPuHu b. [ ] Household  c. [] Agriculture

e Where do you collect firewood?

forest forest land d.[]Buy d.[]Other

For the purpose of...
a. [] Cooking b.[]Heating c.[] Boiling water d.[] Drying bamboo
e. [ ] Wine f. [ ] Livestock g. [ ]Other.................

4.

What do you usually do when you collect firewood? .........................ooel.

5. How do you transport firewood from field to house?
a. [ ] Head b. [ ] Bicycle c. [ ] Motorbike d. [ ] Other, .....
6. How important is firewood as energy consuming in your family?
. o . e. [] Very
a. [ ] Unimportant b. [ ] Little important c. [ ] Medium d. [ ] Important important
7. Why is firewood your main energy consumption?
a. [] Cheap b. [ ] Nature c. [ ] Efficiency d. [] Other, .....
8. Do you sell firewood? Yes [; No []
Y
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9. Can you estimate firewood consume per day?

Cooking and heating (....... person/day) | kg/baskets
Heating kg/baskets
Livestock kg/baskets
Wine kg/baskets
Bamboodrying kg/baskets
Other kg/baskets

10. There is a different quantity of firewood if compared to 10 years before?

a.[]Yes b.[]No
VY
11. Do you select plant species for firewood?  Yes [1; No []

12. What kind of species for firewood do you prefer? ...............ccooiiiiiiiiiinin.
13. Do you think about improving firewood?
a. []Yes lb. [1No
If yes? What?

15. Do you see ranger’s patrolling when collected firewood?
a. [] Rarely Db.[]Occasionally c.[]Sometimes d.[] Generally e.[] Always

What happens?
a. [] Ignore b. [] Talking c. [ ] Arrest d. [ ] Other, ......
16. Do you know forester communicated households?
a.[]Yes b.[]No c. [ ] Don’t know

17. If yes, how good is the communication of forester and household?
a.[]Verybad b.[]Bad c. [ 1 Normal d.[] Good e. [] Very good
18. Can you estimate the quality of firewood advice?
a.[]Verybad b.[]Bad c. [ 1 Normal d.[] Good e. [] Very good
19. Do you think household agree on firewood advice?

a.[]Yes b. [ ] Not much c.[1No d. [ ] Don’t know

20. Do you receive firewood’s advice from forester? [ Yes L] No

21. How do you know the communication between household and forester?
e [Forester:
a. Usually go to and contact to commune [
b. Support of technical and information on forest development [
c. Propagandized policy [
Ao OthErS Lo
e Family requirement:
a. Suggested forest protection and development [
b. Require the excellent leader [
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Household Survey Questionnaire

|. Thong tin chung
Ngay: Tén thon: ...............
Hovatén: ..................... STubi o Dantdc: ............... ; trinh d0 hoc van: ............
Giditinh: ............... ; SOKhAW: ..o /SECOn: veveeieeii,
Dién tichnha: ............ m?, UGc tinh thunhép: ....................... VND/Thang
S6 nam sbng trong ving dém KBT: ..... nam

Thoi gian lam nuong

O Thoi gian chinh

] Ban thoi gian

Céc loai dat sir dung gia dinh c6 [J Nong nghiép O Pit rimg
O Pét trong cdy cong nghiép O Pit khac
Il. Qua trinh cui
1. Theo anh/chi nhu cau nao trong gia dinh dang can hon?
a. [ ] Cui b.[1Gb lc.[]Lamsanphy  |d. []Khac, ...
T A0 i
2. Gia dinh anh/chi c¢6 dung cui trong gia dinh ban khong? Co6 1 Khong L]
3. Gia dinh Anh/chi dung cui dét trong thoi gian (hoac khong)? ......... nam
Nguyén nhan nao anh/chi quyét dinh nhu vay? ...
e Anh chi ly thu gom ciii & viing nao?
a.[]Rung PuHu b.[]Patringnha c. [] D4t néng ghiép d. []Mua d.[]Khac
e Muc dich str dung cui
a. [ ] Nau an b. [ ] Sudi dm c. [ ]Naunuwéc d.[] Sdy ming
e.[[Ndurwon  f [] Chin nudi g [1Khéc.................
4. Hoat ddéng nao anh/chi thuong két hop véi viee liy cai?
5. Lam thé nao anh/chi van chuyén ctii vé nha? (chon mot lic nhidu phuong 4n)
a. [ ] P1bo/gui b. [ ] Xe dap c. [ ] xe may d. [ ] Khéc, .....
6. Gia dinh Anh/chi c6 quan trong van dé nhién liéu cti d6t trong thoi gian qua?
a. [ ] Khong quan b. [ ] ft quan trong c.[] Blnb d. [] Quan ¢. [ ] Rat quang
trong thuong trong trong
7. Taisao cui d6t lai 1a ngudn ning luong cho gia dinh?
a.[ | Ré b.[]Co san c. [ 1Co6 hiéu qua d. [ ] Khéc, .....
8. Anh/chi c6 ban ciii ndu khong? C6  [; Khéng [
I § T 1o
9. Néu anh/chi udc tinh lugng cui dung trong 1 ngay?
INau dn va nau nudce ( ........ nguoiv/ngay) i kg/be
Swoiam kg/bé
INau chan nuoi ( ........ lon+.....b0O+........ ) kg/bé
Nau rugn (.......... / bo/kg; chavlit .......... ) kg/bé
Say mang (.......... mang/kg) kg/be
Khac: ... s kg/bé
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10. Néu anh/chi so sanh gia dinh ¢6 so véi 10 ndm veé trude, c6 sy khac biét vé so
luong cii dun?

a.[]Co b. [ ] Khong
a1 S0 .ttt
11. Anh/chi c¢6 Ira chon cac loai cdy lam cui dét khong? C6 O ; Khong [

12.Loai cdy mnao anh/chi yéu thich dung cui trong gia dinh?
13. Anh/chi c¢6 nghi can phai c6 cai thién ngudn cung cip cui?

a.[]Co b. [ ] Khong
Néu c6? Diéu gi anh/chi nghi can phai ning cao ngudn cung cip cii?

14. Hoat dong nha nudc nén hd tro anh/chi thay ddi viéc st dung nang lugng?
Lt K. .o
15. Anh/chi c6 nhin thiy can bo kiém l1am tuan tra ring trong khi di vao khu bao ton
thu gom cui dot?
[ ] Hiém khi b. [ ] Thinh c. [ ] Thuong

o

d.[]Liéntuc e.[]Rétnhiéu

thoang xuyén
Diéu gi sé xay ra ?
a.[ ] B6 qua b. [ ]Noéichuyén c.[]Bibatlai d.[]Khac, ......
16. Anh/chi c6 nghi da co lién lac gilra cac ho va can bo Lam nghi€p trong thoi gian
qua?
a.[]1C6 b. [ ] Khong c. [ ] Khong biét

17. Néu c6, anh/chi cho biét mirc d6 lién lac giira cac chu ho gia dinh véi KBT?
. [ ] Rét x4u b.[]X4u  c.[]Binhthuong  d.[]Tét e. [ ] Rat tét
18. Aph/chi danh gia chét luong hd tro trong hoat dong cuia can bd kiém 1am vé cui
d6t?
.[ ] Rat xdu b.[]X4u  c.[]Binhthuong  d.[]Tét e. [ ] Rat tot
19. Ho gia dinh c¢6 chip nhin nhitng tu van cta can bd kiém 1am vé cui d6t?

oS}

o8]

a.[]1Co b. [ ] Khong nhiéu c. [ ] Khong d. [ ] Khong biét
20. Anh/chi c6 duoc hd tro tu van trong st dung cui tir can bd KBT?
L1Co (1 Khong

21. Theo anh/chi cho biét lam thé nao mirc d6 két ndi lién lac ho gia dinh véi KBT?
e (Can bg lam nghiép:
a. Thuong xuyén xudng va lién lac v6i cong dong
b. Cung cip hd tro k¥ thuat va thong tin vé phat trién rimg
¢. Tuyén truyén chinh sach
e HJ gia dinh:
a. D& xuét cac van dé lién quan dén linh vuc bao vé va phat trién
b. Can c6 ban linh dao/truéng thon uy tin

oo good

ELECTRONIC APPENDIX
This article has an electronic appendix with basic data.
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