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For investigating how grassland protection influence on sustaining household livelihoods in Tibet, this study
to elucidate the source of herdsmen’s income and to test the hypothesis that both grassland protection (GP)
and sustaining household livelihoods (SHL) can be achieved in Tibet China. Effects of 9 key predictor
variables on the income increment of Tibetan herdsman was analyzed based on 20 years database from 1986
to 2005 (n = 20) (Tibet Statistical Yearbooks, 1996, 2002, 2008 and 2009). Contributions of the nine key
variables of per capita main indicators on economic benefit, including annual increment of rural population
(Xy), annual increment of gross domestic product (x,), annual increment of primary industry product (Xs),
annual increment of gross output value of farming (x4), annual increment of gross output value of forestry
(Xs), annual increment of gross output value of animal husbandry (Xg), annual increment of gross industrial
output value (x7), annual increment of gross domestic product of construction (Xg), and annual increment of
tertiary industry product (Xg), to per capita income increment of rural residents (y) were investigated via
correlations and path analysis for evaluating if the GP conflict with SHL in Tibet. These results showed that
neither direct nor indirect effect of xg contributes to y. And Xg was irrelative to the income increment; so, it
was educed that GP do not contravene SHL; therefore, both of them can be achieved in Tibet.
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INTRODUCTION

As the highest plateau in the world and an important part plateau area was grassland (Wang et al., 2005).

of the global terrestrial ecosystem on the Eurasian
continent, a number of researches concern about the
Tibetan plateau (Mulch, 2006; Rowley et al., 2006;
Blisniuk et al., 2001; Buroker et al., 2010; Law et al.,
2010; Wang et al., 2010; Zhang et al., 2010). Being an
ecological shelter for the economically developed eastern
and central regions in China (Wang et al., 2005), it has
been shown to modify global climate and to influence
monsoon intensity (Spicer et al., 2003). Two thirds of the

*Corresponding author. E-mail: hutianming158@126.com. Tel:
0086-29-87091953(0). Fax: 0086-29-87092164.

Therefore, it was important that protection of grassland
from degradation and desertification, accelerated by
overgrazing during the last two decades. However, can
viable incomes be achieved by grassland protection and
sustaining household livelihoods?

Being a region relatively behind in terms of rural
economic development (Ran, 2007; Du, 2007), the
Tibetan Autonomous Region in 2005 achieved an
average net income per capita of 2078 yuan (about 259
US$) for the farmers and herdsmen, ranking the 27th
nationwide (31 provinces and regions totally) (Tibet
Statistical Yearbooks, 1996, 2002, 2008 and 2009), and
got an annual increment of income per capita of 217 yuan
(about 27 US$); it was considerably, the highest rise
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Figure 1. Annual increment of selected key economic indicators related income (x1-9) an
income increment (y) per capita during 1986-2005. x1: annual increment of rural population (10
persons), x2: annual increment 0); gross domestic product (10 RMB Yuan), x3: annual increment
of primary i{]dustry product (10" RMB Yuan), x4 : annual increment of gross output value of
farminlg (10" RMB Yuan), xs: annual increment of gross output value of forest

(10" RMB Yuan), xe: annual increment of gross outpui value of animal (10" RMB Yuan), x7:
annual increment of gross industrial output value (10 ° RMB Yuan), xs: annual increment of
gross domestic product of construction (104 RMB Yuan), and xe: annual increment of
tertiary industry product, y: per capita income annual increment of rural residents (RMB

Yuan).
during the last two decades (1986 to 2005, Figure 1), income, to improve their living quality and standard and to
though there is still a big gap from other provinces and develop regional economy have become the priority of
regions that are economically developed (Ran, 2007, the Central Government and Tibetan governments of

Zhang, 2003). For Building a Comprehensive Well-off various levels (Ran, 2007; Du, 2007; Zhang, 2003) . For
Society, how to raise Tibet farmers and herdsmen’s investigating how grassland protection influence the



sustained household livelihoods in Tibet, a further
understanding of Tibet farmers and herdsmen’s income
dynamic changes and income sources is necessary for
providing a basis for developing policies of both to
increase the farmers and herdsmen’s income and to
facilitate grassland protection. This study attempts to
accurately extract the contributions of animal husbandry
to the farmers and herdsmen’s income, during the last
two decades (1986 to 2005), based on (Tibet Statistical
Yearbooks, 1996, 2002, 2008 and 2009) through path
analysis. Path analysis was a statistical technique that
partitions correlations into direct and indirect effects and
distinguishes between correlation and causation (Wright,
1934; Afifi and Clark, 1984; Shipley, 1997; Wadsworth,
1993) and it has been used extensively in agronomic
studies (Wadsworth, 1993; Mojarradi et al., 2008;
Whittaker et al., 2009; Wang et al., 2004) and in rural
economies to investigate relationships between animal
husbandry productive factors and herdsmen’s income
(Cui et al., 2002; Cui and Wang, 2002; Namboodiri, 2006;
Roberts, 2005).

The income of Tibetan peasants and herdsmen is a
topic that attracts foreign attention (Ran, 2007; Du, 2007)
and domestic as well (Wang, 2003; Tudor, 2002; He and
Li, 2003; Li et al., 2004; Zhang, 2003; Li et al., 2005, He
and Li, 2003); however, previous researches mostly
focused on the analyses of the farmers and herdsmen’s
present income status (Lhorong, 2006; Xu, 2005),
problems and proposing strategies for increasing the
income (Liu, 2004; Dai, 2004; He, 2004). Few of them
adequately discussed the income dynamic changes and
the income sources over the years; moreover, there is no
report to study the relationship between grassland
protection and sustaining household livelihoods in Tibet
China. The objective of this study was to elucidate the
source of herdsmen’s income and to test the hypothesis
that both grassland protection (GP) and sustaining
household livelihoods (SHL) can be achieved in Tibet
China.

RESEARCH METHOD
The study area

The study area is located in the southwest of China, Tibet
Autonomous Region, located at 26°50 ~36°53 N and 78°25 ~99°06
E, on average altitude of 3800 m, is the main part of Qinghai Tibet
Plateau to the east of Kashmir and India, and north of Nepal,
Bhutan, Sikkim and Myanmar. With a special and complex
geographical and climatic condition (Fan et al., 2006), from
southeast to northwest, the grassland types are main alpine
meadows, steppes and alpine deserts (Chia, 1981), as the
spatiotemporal distribution of annual precipitation is extremely
unequal, range from 5000 in southeast to 50 mm in northwest, with

an average annual temperature of about O . Therefore, as a whole,
the grassland productivity is kept to a relatively low level, and grass

yields range from 881 to 195 kg/hmz. Tibet, more than 95% of the
population is of Tibetan Nationality, belongs to the section of alpine

climate of Qinghai Tibet Plateau, with an area of 1.22 x 106 kmz, is

the second largest province in China.

Data collection, survey and analysis

Information was derived from Tibet Statistical Yearbooks (1985 to
2005) and documents provided by government agencies. In this
study, the annual increment of variables was taken to analyses for
avoiding the influence by price index. The effects of 9 key predictor
variables on the income increment of Tibetan herdsman was
analyzed based on 20 years database from 1986 to 2005 (n=20)
(Tibet Statistical Yearbooks, 1996, 2002, 2008 and 2009).
Contributions of the 9 variables of per capita main indicators on
economic benefit, including annual increment of rural population
(x1), annual increment of gross domestic product (x2), annual
increment primary industry product (xs), annual increment of gross
output value of farming (x4), annual increment of gross output value
of forestry (xs), annual increment of gross output value of animal
husbandry (xs), annual increment of gross industrial output value
(x7), annual increment of gross domestic product of construction
(xs), and annual increment of tertiary industry product (x9), to per
capita income increment of rural residents (y) were investigated via
correlations and path analysis for evaluating if the GP conflict with
SHL in Tibet (Figure 1).

Figure 1, annual increment of selected key economic indicators
related income (x1-9 ) and income increment (y) per capita durin

1986 to 2005. Note x1: Annual increment of rural population (10
persons), xz2: Annual increment of gross domestic product (10 ' RMB
Yuan), xs: Annual increment of primary industry product (10" RMB

Yuan), x4: Annual increment of gross output value of farming (104
RMB Yuan), xs: Annual increment of gross output value of forestry

(20 RMB4Yuan), xe: Annual increment of gross output value of
animal (10 RMBAYuan), x7: Annual increment of gross industrial
output value (10° RMB Yuan), xs: Annual increment of gross

domestic product of construction (104 RMB Yuan), and xs: Annual
increment of tertiary industry product, y: per capita income annual
increment of rural residents (RMB Yuan).

RESULTS

Pearson correlation coefficients (Table 1) for years from
1986 to 2005 shows that x2 (0.8883, P<0.0001), xg (0.7533,
P<0.0001), x7 (0.6432, P<0.001), x3 (0.6272, P<0.001) and
xg (0.6178, P<0.001) are positive correlation with vy
significantly, whereas x; (-0.5080, P<0.001) negative; xg is
not significantly correlative with y. x1 is negative correlation
with x2 (-0.5839, P<0.01), xg (-0.4620, P<0.05) and xg ( -
0.5282, P<0.05); x2 is positive correlation with x3 (0.5348,
P<0.05), x7 (0.5492, P<0.05), xg (0.6191, P<0.01) and x g
(0.9327, P<0.0001). Direct and indirect effects of x1-xg on y
are presented in Table 2. The direct effects of the nine x on
y was in decreasing order as, Xg

> Xg > X3 > X7 > X2 significantly, and the indirect effects in
decreasing order as: X2 Xg (that is X2 via xg on y)> X1 X2>
X3 Xg > X7 Xg > X5 Xg > Xg Xg > X2 Xg > X4 X 3 > X7 X8 > X2 X3
> XgX3>X1 X8> X5 X2>X1 Xg>X3X2>X7X2>XgX2>X
g X2 significantly; the times of indirect effects in the list
earlier stated was orderly as: x2 (9 repetitions) > xg (7) >
xg (6) > x3 (5) > x 7 (3) and x1 (3) > Xs

(2) > x4 (1) > xp (0). Neither direct nor indirect significant
effect of xg contributes to y. Sum of the indirect effects of

X1-Xg to y, it is inferred that the contributions of the nine



Table 1. Correlation coefficients of xi-xs, y.

X2 X3 X4 X5 X6 X7 X8 X9 Yy
x1 -0.5839**  -0.1290 0.1841 -0.3273 -0.1115 -0.3422 -0.4620* -0.5282* -0.5080*
X2 1.0000 0.5348* 0.1514 0.2688 0.1802 0.5492* 0.6191** 0.9327*** 0.8883***
x3 1.0000 0.6439** -0.1259 0.4063 0.2259 0.0657 0.4963* 0.6272**
x4 1.0000 -0.6197** 0.4035 0.0269 -0.2464 0.1971 0.1451
X5 1.0000 0.1173 0.3538 0.7649*** 0.0083 0.3792
X6 1.0000 0.0380 0.3219 0.0321 0.2109
X7 1.0000 0.5696** 0.3423 0.6432**
x8 1.0000 0.3279 0.6178*
x9 1.0000 0.7533***

x1: annual increment of ruraIPOpuIation (104 persons), x2: annual increment of gross domestic product (104 RMB Yuan), xs: annual increment of
primary industry product (15? RMB Yuan), x4: annual increment of gross output value of farming (10  RMB Yuan), xs: annual increment of gross
output value of forestry (194) RMB Yuan), xe: annual increment of gross output value of animal (10  RMB Ylﬁan), x7: annual increment of gross
industrial output value (10 RMB Yuan), xs: annual increment of gross domestic product of construction (10 RMB Yuan), and xs: annual increment
of tertiary industry product, y: per capita income annual increment of rural residents (RMB Yuan). ***, ** and * significant at P=0.0001, 0.01 and

0.05, respectively.

Table 2. Path analysis showing direct and indirect effect of xi~xs to y.

Direct effect

Indirect effect via

Yy X1y X2y X3 Yy Xa Yy X5 Yy X6 Y X7y X8 Yy X9 Yy
x1 -0.0261 0.9477* -0.0805 0.0025 -0.0770 0.0079 -0.1265 -0.3159* -0.8401*
X2 -1.6229* 0.0153 0.3338* 0.0020 0.0632 -0.0129 0.2030 0.4233* 1.4834*
X3 0.6241* 0.0034  -0.8680* 0.0087 -0.0296  -0.0290 0.0835 0.0449 0 .7893*
x4 0.0134 -0.0048 -0.2457 0.4019* -0.1458  -0.0288 0.0099 -0.1685 0.3134*
x5 0.2352 0.0086  -0.4363* -0.0786 -0.0084 -0.0084 0.1308 0.5230* 0.0131
X6 -0.0714 0.0029 -0.2924 0.2535 0.0054 0.0276 0.0140 0.2201 0.0511
X7 0.3697* 0.0089  -0.8913* 0.1410 0.0004 0.0832 -0.0027 0.3895* 0.5444*
x8 0.6838* 0.0121  -1.0047* 0.0409 -0.0033 0.1799 -0.0230 0.2107 0.5214*
x9 1.5904* 0.0138  -1.5137*  0.3097* 0.0026 0.0019 -0.0023 0.1266 0.2242
Total indirect effect 0.0513 -4.3044 1.3217 0.0099 0.1034 -0.0992 0.6520 1.3370 2.8760

x1: annual increment Qf rural population (104 persons), x2: annual increment of gross domestic prozguct (104 RMB Yuan), xs: annual increment of primary
industry propuct (10 RMB Yuan), x4: annual increment of gross output value of fagning (10 RMB Yuan), xs: annual increment of gross output value of
forestry (10 RMB Yuan), xe: annual increment of gross output value of animal (10 RMB Yuan), x7: annual increment of gross industrial output value
(10" RMB Yuan), xs: annual increment of gross domestic product of construction (104 RMB Yuan), and xe: annual increment of tertiary industry product,

y: per capita income annual increment of rural residents (RMB Yuan). Significant at P= 0.05; Arrows illustrate directions of effects.

factors to y are orderly xg (2.876) > xg (1.337) > X3

(1.3217) > x7 (0.652) > x 2 (-4.3044) significantly (Table
2). The order is the same as the significant direct effects
(1.5904, 0.6838, 0.6241, 0.3697, -1.6299) (Table 2).

DISCUSSION

Evidence for relationship between the increment of gross

output value of animal husbandry (xg) and the income
increment (y) was first statistically described. The results
indicated that, the increment of gross output value of
animal husbandry (xg) is neither significantly correlated
with Table 1 nor significantly contributed to Table 2, the

income increment (y). Therefore, the hypothesis that both
GP and SHL can be achieved in Tibet could be validated.

The income sources of the herdsmen’s household

The largest contribution to the increment income is the
increment of tertiary industry product (X g), which is mainly
services, then comes increment of gross domestic product of
construction (xg) and increment of primary industry product
(x3). A survey about changes of the farmers and herdsmen’s
income sources in Tibet reported that, the increase of

income from labor payment percentage is the fastest from
0.22% in 1990 to 28.33% in



2003, whereas the income from animal husbandry
percentage decreased from 30.87% in 1990 to 14.07% in
2003 (Li et al.,, 2005), compared with the per capita
income of the herdsmen which increased from 582 RMB
Yuan in 1990 to 1691 RMB Yuan in 2003. This
contribution was made by industrial and related
production; for example, the product of construction and
services means that Tibetan herdsmen had more cash
income than before in the non-animal husbandry
production (Lhorong, 2006). It was mostly due to the

increment of tertiary industry product (xg), that increased

from 1.01><104 RMB Yuan in 1986 to 29.05><104 in 2005
(Figure 1) because a tremendous achievement in the
progress of rural economic development, which partly
resulted from the input of the Central Government into
Tibet and the aid given to Tibet by other provinces of the
country during 1997 to 2005. For example, accumulative
total input of the Central Government into Tibet for capital
assets was 100 billion RMB Yuan (about US$ 14 billion)
since 1987 (CCTV news at 26 March 2008). Most part of
the aided fund was used on improving the functions of
city and towns and so helping the neighboring agricultural
and pastoral areas apart from used on protecting the
ecological environment. A demonstration study indicated
that, the subsidies revenue of Central Government into
Tibet, durably contributes to per capita net income of
Tibetan rural residence in the last three decades (1978 to
2007) (Jia and Yang, 2009). Therefore, the GDP of Tibet
in the same period maintained a growth of more than
10% (Lhorong, 2006).

Consequently, about one fifth the rural population
(mostly young people) that work at construction
enterprises and service in city or town, get wages from
non-farm or non-animal husbandry production in the last
decade. The income ways have been diversified from the
90’s, and the proportion of non-agricultural industry has
been more predominant in Tibet (Li et al., 2004).

The relationship between herdsmen’s income and
grassland protection

The gross output value of animal husbandry is a vast
majority of output value of grassland. Results of the
present study indicats that increment of gross output
value of animal husbandry (xg) is statistically irrelative to
the income increment.

First, the increment of gross ouEPut value of animal
husbandry fluctuates from -0.18x10 RMB Yuan in 1986
to 0.93x10" RMB Yuan in 2005 compared with the
increment of gross domestic product (x2), which
increased from -0.83x10* RMB Yuan in 1986 to 39.6x10
RMB Yuan in 2005 (Figure 1). However, the income
increment increased from -43 RMB Yuan in 1986 to 217
RMB Yuan in 2005 (Figure 1).

Secondly, Tibetans always have a natural idea of
grassland protection owing to the fact that, they deify and
worship Nature to the utmost and depend heavily on

Mother Nature (Lhorong, 2006).

Thirdly, in the last decade, with stepping up to aid Tibet
by the Central Government and other provinces,
numerous construction projects in Tibet are offering good
chances for the surplus rural labor for getting cash
income (Zhu, 2005). For instance, at the Tsongdu Village
of Lhundrup County, nearly half of the residents’ income
comes from industries other than agriculture or animal
husbandry, including from the employment offered by
construction projects (Lhorong, 2006).

The grassland protection projects in Tibet

Since the economic reforms in China, the governments’
prime has always been both to increase the living standards
of the people and to protect the ecological environment.
Tibet has formulated and undertaken a series of policies,
including "Environmental Protection Regulations”,
"Geological and Mineral Resources Control Regulations”,
"Land Law", "Water and Soil Conservation Law", "Wildlife
Conservation Law" and "China Grassland Law". Grassland
Law aimed to attain the twin goals of rational use and
effective protection of grassland resources. It calls upon
governments at all levels to improve grassland protection, so
as to maintain the nation’s ecological security and
coordinate the development of economic, societal and
ecological environments. Consequently, the administrative
and monitoring system of grassland protection are quite
effective. The majority of different type of grassland, wild
animals and plants are all under its aegis. For example,
there is a significant effectiveness of the "China Grassland
Law" (CGL) and "Detailed Rules of Implementing China
Grassland Law in Tibet" (DRGLT) in achieving the goals of
rational use and effective protection of grassland resources.
For instance, that grassland should give priority to
protection, strengthen regeneration and reasoned utilization;
priority of ecological benefits combines economical and
social benefits is published both in article 18 chapter 3 in
CGL and in article 15 chapter 3 in DRGLT and brought into
effect in Tibet. It is emphasized that the government donates
foodstuff and financial assistance to the families whose
livestock were closely raised and grazed under systems of
rotational rest and use of grassland in both CGL and
DRGLT.

In conclusion, both grassland protection and sustaining
household livelihoods can be achieved by income
increment analysis in Tibet China. The annual increment
of gross output value of animal husbandry (xg) is a vast
majority of output value of Tibetan grassland, but xg
(4.4664, that is direct effect 1.5904 + indirect effect
2.876) xg (2.0208) and x3 (1.9458) are important
predictor variables for increasing the income increment of
Tibetan herdsman; Statistically, Xg is irrelative to the
income, it is educed that GP do not contravene SHL,
therefore, both of them can be achieved in Tibet.
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