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Abstract: As an essential factor for sustainable development, energy plays a very important role in
sustaining a modern lifestyle, particularly in poor rural areas. Considering that farmers’ livelihood
in such areas is enormously dependent on services provided by environmental resources, it makes
sense to investigate the relationships and interactions between farming households’ livelihood
strategies and their energy consumption. The findings and outcomes would be expected to contribute
to the body of knowledge and benefit local policy-making toward sustainable transformation
in the long run. Taking Gannan as an example, this study employed a participatory rural
appraisal approach, with first-hand data mainly from field surveys, using a stratified random
sampling method to illustrate the influence of farmers’ livelihood strategies for household energy
consumption in the eastern Qinghai–Tibet Plateau, China. Seven townships in Gannan were covered,
three of them in pure pastoral areas, two in farming-pastoral areas, and two in farming areas.
From these, 230 households were selected as study samples, with a valid return of 217 questionnaires,
among which 78 came from pure pastoral areas, 60 from farming-pastoral areas, and 79 from
farming areas. The results show that livelihood has a significant impact on farmers’ household energy
consumption patterns, and increasing family income level and education level and improving the
availability of commodity energy resources will help farmers reduce the proportion of biomass energy
consumption and increase the proportion of commodity energy consumption. Furthermore, measures
such as developing nonagricultural industries, improving the energy infrastructure, and enhancing
farmers’ energy-saving awareness should be seriously considered to optimize farmers’ living energy
consumption patterns in these poverty-stricken and eco-frangible regions.
Keywords: farmers’ livelihood; household energy consumption; household energy structure;
Qinghai–Tibet Plateau

1. Introduction
Energy is an essential factor for sustainable development. In the United Nations (UN, New York,
NY, USA) 2030 Agenda for Sustainable Development, Sustainable Development Goal 7 (SDG7) is
to “ensure access to affordable, reliable, sustainable and modern energy for all”. The agenda also calls
for protecting, restoring, and promoting sustainable use of terrestrial ecosystems by emphasizing
SDG15, to “sustainably manage forests, combat desertification, and halt and reverse land degradation and halt
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biodiversity loss” [1]. Therefore, access to energy is key to any development initiative, and the issues
of sustainable energy consumption connected with local ecosystem conservation should stand at the
center of global efforts, to induce a paradigm shift toward long-term sustainability, particularly for
ecologically fragile, less developed areas. Today, a third of the world’s population, about 2.5 billion
people, rely on the traditional use of biomass to cook their meals, and 1.65 billion people (43% of the
population) in developing Asia rely on biomass for cooking, which represents an increase of 160 million
people since 2000 [2]. These biomass fuels include firewood, charcoal, dung, and agricultural residues;
however, in many cases, the demand for biomass fuels far outweighs the sustainable supply, resulting in
deforestation, land degradation, and desertification [3]. For example, due to the lack of affordable
commercial energy sources, rural communities in Nepal rely entirely on fuelwood to meet household
energy demands, and the overexploitation of fuelwood has resulted in a series of negative effects such
as deforestation, erosion, and soil degradation [4,5]. The environmental income is important for all
livelihood strategy groups in Nepal, therefore conservation policies and natural resource management
are critical to sustain the increased demands and reliance of local livelihoods on environmental
products and services in Nepal [6].
Sustainable livelihood, which was introduced by the Brundtland Commission on Environment
and Development and then expanded at the 1992 UN Conference on Environment and Development,
is usually applied as a broad goal for poverty eradication [7]. Generally, livelihood refers to
the capabilities, assets (including both material and social resources), income, and activities required
for people to secure the necessities of life [8,9]; accordingly, livelihood strategies concern the
individual’s available and implemented options for pursuing livelihood goals [10,11]. The strategies
can be classified into different categories according to diversified approaches [12], for example,
livestock-oriented, diversified-oriented, and off-farm-oriented [13]. In developing countries,
particularly in poor rural areas, a rural livelihood is enormously dependent on services provided
by environmental resources, which are collected from forest and nonforest uncultivated land [10],
for example, in Mozambique [14]. Considering their livelihood strategy in the energy sector,
for instance, because they have a lesser ability to develop and access alternative commercial sources
of energy, poor farmer households usually have to rely heavily on free energy sources, such as grass,
dung, straw, and charcoal, which then further aggravates water loss, soil erosion, and destruction of
forest vegetation, resulting in ecological degradation in eco-fragile areas [15,16].
As one of the most important stakeholders in rural economic activities, as well as a basic
organizational unit in decision-making toward sustainability, a farming household with its livelihood
strategies plays an important role in the way natural resources are developed and utilized, particularly
in areas where household energy consumption still depends heavily on traditional biomass energy,
such as crop straws and firewood [17]. The total household energy consumption in rural China in
2015 consisted of biomass, coal, electricity, oil, and liquefied petroleum gas (LPG), accounting for
46.1%, 33.8%, 9.4%, 5.2%, and 2.9%, respectively [18]. Given the fact that biomass energy (mainly
fuelwood) consumption accounts for more than half of total energy use in rural China [19], the switch
from fuelwood to alternative energy may have great ecological significance [20].
China needs more efforts to meet its domestic sustainable development goals toward an
ecological society, particularly in some of the less developed and ecologically fragile areas,
such as northwestern China. As a key indicator for addressing climate change and for long-term
sustainability [21], the analysis of household energy consumption offers a fundamental picture that
is useful in presenting the characteristics and potential for such issues [20]. Therefore, investigating
the relationships [22] and the linkages and interactions between farming households’ livelihood
strategies and their energy consumption will contribute to the body of knowledge and benefit local
policy-making toward a sustainable transformation.
The Qinghai–Tibet Plateau is recognized as the third pole of the Earth, with an average altitude
over 4000 m above sea level. The region has a unique natural environment, and is regarded as
both a driver and amplifier of globe climate [23], therefore its energy issues have attracted interest
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3. Methods
3.1. Data Source
Guided by the approach of Participatory Rural Appraisal (PRA), which aims to incorporate the
knowledge and opinions of rural people in the planning and management of development projects and
programs [29], a questionnaire-based survey using a stratified random sampling method was carried
out. There are about 99 township-level administrative areas in Gannan prefecture; considering that the
area of Gannan is vast and most of the farmers live in scattered locations, it is quite difficult to conduct
field survey-based interviews. Our survey covered 7 townships in Gannan, 3 in pure pastoral areas,
2 in farming-pastoral areas, and 2 in farming areas. In each township, 20 to 40 households from
one village were chosen to conduct detailed interviews. In the end, 230 households were selected
as study samples for our research, with a valid return of 217 questionnaires, among which 78 came
from pure pastoral areas, 60 from farming-pastoral areas, and 79 from farming areas. Six Tibetan
college students were hired as translators during the survey process, to ensure the accuracy of the
interviewed information. Even though the survey samples are small, due to the high similarity of
livelihoods and energy consumption in these areas, they still can reflect the general situation in Gannan.
The survey was conducted from July to August 2011, and the questionnaire time was about 2 to 3 h.
The following contents were presented in the survey: (1) family characteristics of farming
households, including household scale, manpower, education level of the household members and
labor force, gender structure, family income, and source of income; (2) means of livelihood of farming
households, including the input of household labor force and their specific activities; (3) availability
of energy resources, including the area of land and firewood land, the number of livestock, and the
distance from the village to the township; and (4) amount of energy consumption, including that
of firewood, straw, and dung per year, of coal and electricity, and relevant fees.
Based on primary studies of the survey, the livelihood strategies of farming households in Gannan
were categorized as follows: animal husbandry, cultivating, gathering, migrant working, transporting,
business-making, handicraft trade, and working in enterprises and institutions. Animal husbandry,
cultivation, and gathering can be further categorized as agriculture, and the rest as nonagriculture.
Finally, according to the diversity of nonagriculturalization and the farmers’ livelihood strategies,
the households were categorized as three types: pure farming households, households with
combined occupations, and nonfarming households. Herein, pure farming household (PFH) means all
manpower is engaged in agriculture, household with combined occupation (HCO) means the labor
force partly worked on agriculture and partly on nonagriculture, and nonfarming household (NFH)
means the labor force worked on only nonagricultural activities.
3.2. Analytical Methods
To model the impact of farmers’ livelihood on household energy consumption, the Stochastic
Impacts by Regression on Population, Affluence and Technology (STIRPAT) model was applied.
Farming households’ livelihood, energy availability, household income, and family characteristics
were all fitted into the STIRPAT random regression model, whose general form goes as follows [30]:
I = aPb Ac T d e

(1)

where family characteristics, income, and energy availability are symbolized as P, A, and T, respectively,
and a is a constant term; b, c, and d denote the exponential terms for P, A, and T, e is an error term,
and I denotes energy consumption. In order to measure the impact of various factors on energy
consumption, Equation (1) can be further converted into logarithmic form:
ln(I) = a + b ln(P) + c ln(A) + d ln(T) + e

(2)
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where a and e are logarithms of a and e in Formula (1), and b and c refer to percent changes of energy
consumption caused by the driving factors P, A, T, which have 1% change when other influencing
factors remain unchanged.
To model the impact of livelihood on the farming households’ energy consumption patterns,
the binary logistic model and the maximum likelihood estimate (MLE) were applied. First, the value
of energy consumption is set as a dependent variable, yi , in 0–1 model: when biomass energy is mainly
used in energy consumption (the share is above 55%), the value of yi is 0, which means the household
selects a low-level energy consumption pattern; if coal and electricity and other commercial energy
sources are mainly used (the share is more than 55%), the value of yi is 1, which suggests that the
household chooses an advanced energy consumption pattern. Supposing that xi is an independent
variable and Pi is the probability of occurrence of yi event, the corresponding regression model is then
represented as:
Pi = Exp( β 0 + β 1 xi1 + . . . + β m xim )/(1 + Exp( β 0 + β 1 xi1 + . . . + β m xim ))

(3)

where β0 is a constant and β1 , β2 , . . . , βm are regression coefficients that represent the contributions
made by the various factors (xim ) to Pi . Positive regression coefficients mean there will be a
corresponding increase in occurrence each time explanatory variables add a unit of value; on the
contrary, when regression coefficients are negative, there will be a corresponding reduction in
occurrence each time explanatory variables add a unit of value.
Furthermore, in this study, the index of nonagricultural level (the proportion of labor force
working on nonagricultural lines) is determined as the indicator for livelihood, and this indicator,
together with the other indicators—energy availability, family income, household scale, and education
level of the labor force—are introduced into the analytical model. Regarding the education level of
the labor force, different scores are applied (illiterate = 1, primary schooling = 2, junior schooling = 3,
senior schooling = 4, college and above = 5), and regional dummy variables are brought in (in pure
pastoral area: yes = 1, no = 0; in farming area: yes = 1, no = 0). All statistical analyses were performed
with SPSS for Windows version 15.0 (SPSS Inc., Chicago, IL, USA).
4. Results and Discussion
4.1. Farming Households’ Characteristics in Different Livelihood Types
The proportion of pure farming households in pure pastoral areas, farming-pastoral areas, and farming
areas declined to 52.21%, 28.33%, and 15.18% respectively, while the proportion of nonfarming
households increased steadily to 7.66%, 18.34%, and 40.49%, respectively. The characteristics of
the households with different livelihoods were different; for example, pure farming households (PFH)
had an average family size of about 5.14 persons/household, and the proportion of males was 54.76%;
the labor force had about 2.78 laborers/household, and only 5.6% of family members graduated
from senior school or above; the family size of households with combined occupations (HCO) and
nonfarming households (NFH) was about 5.39 and 5.20 persons/household respectively, and the
proportion of males was 51.06% and 49.33%, respectively, however, family members who graduated
from senior school and above in these two households accounted for 9.5% and 11.4%, respectively,
and there were about 3.02 and 2.98 laborers/household (Table 1).
Table 1. Characteristics of peasant households in Gannan.
Types

PFH

HCO

NFH

Family size (people/family)
Proportion of males (%)
Laborers (person/family)
Proportion with senior high school education and above (%)

5.14
54.76
2.78
5.60

5.39
51.06
3.02
9.50

5.20
49.33
2.98
11.4

PFH, pure farming household; HCO, household with combined occupations; NFH, nonfarming household.
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Previous studies have indicated that livelihood strategies are diversified from different
perspectives [31]; our study also shows that farming households are different as well, not only
in the arrangements of their agricultural activities, but also in the introduction of nonagricultural and
other activities due to their diverse means of livelihood. For example, farming households in pure
pasturing areas mainly worked on planting crops, grazing, breeding livestock, and gathering; 75%
of them relied on grazing, and the rest on breeding and gathering activities. Of the households in
farming-pastoral areas, 52.94% worked on planting crops and breeding animals, and 35.29% worked
on planting, breeding, and gathering activities. Of the households in farming areas, 66.67% were
engaged in planting crops and gathering and 25% in planting, gathering, and breeding animals.
Households with combined occupations mixed agricultural activities with nonagricultural ones,
which means mainly going out to work for others. In general, households with combined occupations
and nonfarming households accounted for 55.56% and 71.43%, respectively, of all types of households.
In pure pastoral areas, 18.75% of households had family members going out to work, and in
farming-pastoral areas and farming areas, the proportions were as high as 78.13% and 68.57%,
respectively. Nonfarming households in farming and pastoral areas all had family members going
out for work, and the proportion was 68.75% in farming areas. This was also indicated by Hua et al.,
who found that nonfarming-dependent households generally not only earned income from agricultural
activities but also were willing to pursue non-farm activities or self-employment for wages [31].
4.2. Energy Consumption of Farmer Households with Different Livelihood Strategies
Energy consumption in pure pastoral areas (PPA), farming-pastoral areas (FPA), and farming
areas (FA) is shown in Table 2. Per capita energy consumption for households in PPA was the highest,
with an average of 779.87 kilograms of coal equivalent (kgce), which is about 2.5 times the amount in
FPA and 2.84 times the amount in FA. A study conducted in 2009 in some other counties located in the
eastern part of the Qinghai–Tibet Plateau also found that energy consumption per capita in the pastoral
zone was higher than that in the agricultural zone, and rural household energy consumption structures
were similar in counties with similar livelihoods [24]. The reason for such large energy consumption
was generally the high altitude in pure pastoral areas, with cold weather and long heating periods;
pastoral regions are usually areas with higher altitude, colder weather, lower oxygen pressure,
and lower burning efficiency [24]. There are significant differences in living energy consumption among
different livelihood types. Energy consumption in pure farming households (PFH), households with
combined occupations (HCO), and nonfarming households (NFH) declined in sequence; for instance,
the average energy consumption in PFH was 738.08 kgce, while the average energy consumption in
HCO and NFH was about 368.34 kgce and 260.49 kgce, respectively (Table 2).
Table 2. Household energy consumption with different livelihoods (per capita).

PPA
FPA
FA
FH
HCO
NFH

Average
(kgce)

Cow Manure
(kgce)

Crop Straws
(kgce)

Firewood
(kgce)

Coal
(kgce)

Electricity
(kgce)

779.87
312.32
274.45
738.08
368.34
260.49

702.64
19.07
19.40
536.14
141.56
63.41

0.13
4.60
138.06
85.96
52.72
4.11

6.78
125.12
49.52
42.94
71.62
66.86

61.26
155.52
51.27
63.61
91.79
112.92

9.06
8.01
16.20
9.43
10.65
13.19

FPA, farming-pastoral area; FA, farming area; FH, farming household; kgce: kilogram of coal equivalent.

From the energy structure perspective, farming households in PPA were mainly dependent
on cow manure, accounting for 90.10% of their total energy consumption, while the main energy
sources for FPA were coal (49.80%) and firewood (40.06%), and in FA it was straw (50.30%) (Figure 2).
Previous studies also found that the pastoralists in Qinghai and Tibet used yak dung and sheep fecal
pellets as their main energy sources [32], even though a study on China’s rural energy structure
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consumption by the improvement of the nonagricultural level was lower than the change rate of the
nonagricultural level itself.
There was a significant positive correlation between farming households’ energy consumption
and family size, per capita income, and per capita livestock number, at the level of 0.001, 0.05, and 0.1,
respectively. Other studies also indicated that family size and annual income were important factors
influencing energy consumption per capita [24,35,36], but in this study, we further found that the
nonstandardized coefficient of family size was 1.457, which is greater than 1, while those of per
capita income and per capita livestock number were 0.349 and 0.144, suggesting that the increase
in household energy consumption caused by the expansion of family size was higher than that of
family size, and the increase in household income and expansion of livestock farming caused the
increase in energy consumption to be lower than their own pace of change. An interesting finding is
that the level of labor education is negatively related to household energy consumption, but it is not
statistically significant (Table 3).
Table 3. Estimated results of impact of livelihood strategy on energy consumption.
Energy Consumption Amount

Constant
Family size
Labor education level
Per capita income
Per capita arable land
Per capita firewood land
Number of livestock
Distance to the township
Nonagriculture area
Pure pasturing area
Farming area
Model test

Coefficient

Standard Deviation

1.407
1.457
−0.101
0.349
0.114
−0.103
0.144
−0.446
−0.84
1.488
0.775

1.271
0.257
0.139
0.132
0.113
0.112
0.078
0.055
0.080
0.317
0.267

R2

0.729

F-statistic

19.437

( : 10% level,

Energy Consumption Pattern
Coefficient

−2.396
0.249
0.662
0.358
0.028
−2.224
−0.008
−0.013
3.645
1.244
−1.353

Wald Value

Exp(b)

1.965
1.347
5.381
11.245
0.160
4.636
0.467
5.884
14.122
2.871
1.971

0.091
1.283
1.939
1.431
1.029
0.108
0.992
0.987
38.278
3.468
0.259

Accuracy 89.78%

Nagelkerke R2

Log likelihood 128.28

Chi-squareTest value

: 5% level,

0.719
114.07

: 1% level).

Concerning the impact of livelihood strategy on energy consumption pattern (Table 2), the results
show that all the indicators—nonagricultural level, per capita income, educational level, per capita
livestock number, area of firewood land, distance to the township, and regional characteristics—have
a great impact on energy consumption pattern, with confidence levels at 0.01, 0.05, and 0.1.
Among all these factors, nonagricultural level had the most significant impact on energy pattern,
with a Wald statistic value of 14.122, followed by the indicator of per capita income (Wald statistic
value 11.245). The values of the regression coefficients of nonagricultural level, per capita income, and
educational level are all positive, indicating that with their improvement, the probability that farming
households will choose a commodity-based energy consumption pattern will increase. From the
modelling results, it shows that for every 1 unit increase in the level of nonagriculturalization,
the probability of a farmer transferring to a commodity-based energy consumption mode will
increase by 38 times, and if per capita income and labor force education increased by 1 unit,
the probability of peasants turning to commodity-based energy consumption will increase by 1.4 times
and 1.9 times, respectively.
5. Conclusions
Sufficient access to modern energy services is a key factor in addressing the Sustainable
Development Goals; however, the issue of energy poverty is relatively new in China in the past decade,
because research was primarily focused on how to support economic growth [37]. With the
improvement of nonagricultural level, farming households’ energy consumption gradually decreases,
and the consumption patterns dominated by traditional biomass energy have shifted to patterns
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dominated by commodity energy sources. This is mainly due to the fact that the nonagricultural
livelihood led to a decrease in the amount of biomass energy produced by farmers, while nonfarm
employment led to a decrease in the number of laborers involved in biomass energy harvesting, which
increased the opportunity cost of collecting biomass energy. In addition, with the implementation
of eco-immigrants and pastoralists’ settlement projects, the previously scattered rural households
were resettled around towns with convenient transportation, which led to the transformation of
household energy consumption patterns. The change in the production process is the fundamental
reason for the change in household energy consumption pattern, therefore, improving the level
of nonagriculturalization is an effective way to promote the transformation of household energy
consumption patterns.
Although increased income will reduce the use of traditional noncommodity energy, it will
increase the consumption of commodity energy, and the income elasticity of consumption of
commodity energy is higher than that of traditional noncommodity energy, resulting in an increase
of energy consumption by farmers as income increases. Previous studies indicated that economic
development can indeed reduce some environmental problems by pushing rural households to
move away from the consumption of traditional biomass-based energy in China [38]. With the
increase of income level and education level of the labor force, the living energy consumption
pattern of farmers shifts from biomass-based consumption to commodity-based. If farmers have
higher income and education levels, they have higher requirements for energy comfort, convenience,
and hygiene. Therefore, more and more high-income and moderate–high-level farmers choose to use
more comfortable energy sources such as electricity. The low-income and low-literacy households
are constrained by their income, which means they pay more attention to the economy of energy use,
for example, by increasing their use of energy sources such as firewood, straw, and cow manure.
Therefore, the latter characteristics of energy consumption provide a great space for reducing farmers’
overreliance on biomass energy and alleviating the pressure of ecological environment.
The difficulty of obtaining or accessing energy is an important factor that affects the energy
consumption pattern of farmers. This study shows that the availability of energy affects the choice
of household energy consumption patterns. For example, farmers with large numbers of livestock
tend to have relatively easy access to biomass energy and thus choose biomass-based consumption
patterns, while farmers with convenient transportation and easy access to coal and electricity prefer
commodity-based energy consumption patterns. The energy consumption structure of farming
households in areas with convenient transportation mainly transforms commercial convenient energy
sources such as fuelwood, straw, and coal into liquefied gas and electricity. In areas with limited
transportation, energy consumption is mainly based on fuelwood and straw, but it is slowly replaced
by coal. Therefore, improving the accessibility of commodity energy sources is the primary measure to
promote the transformation of household energy consumption patterns.
In conclusion, the energy consumption behavior of farmers in ecologically fragile areas has
been closely integrated with the degradation of the ecological environment. Our previous study,
based on a questionnaire that was conducted at the same time, indicated that farmers’ mode of
livelihood has remarkable influences on their ecological footprint, and increasing the nonagricultural
level will decrease the impact on the environment. Specifically, the per capita ecological footprint of
farming households is 1.644 gha (global hectare), while that of combined occupation and nonfarming
households is 1.488 gha and 1.225 gha, respectively [39]. In this paper, we found that livelihood
has a significant impact on household energy consumption patterns. Along with the increase of
nonagricultural level, the household energy consumption in Gannan decreased significantly, and
the probability of choosing commodity-based energy increased. On the one hand, increases in
family income level and education level and improvement in the availability of commodity energy
resources contribute to reducing the proportion of biomass energy consumption, and on the other hand,
it increases the proportion of commodity energy consumption. However, along with development in
this area, further studies should be conducted: some time-series studies should be conducted to track
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the evolution process of farmers’ livelihood (energy consumption nexus), and more empirical studies
should be conducted to investigate the overall picture of energy consumption in this unique area.
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