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Evaluation on Land Ecological Security in Hainan
Island, China
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Abstract Based on the introduction of Hainan island and the special feature of its geographical environment, land ecological pressure, land eco-
logical status and land ecological response are taken as the subsystems with in all 18 indices selected according to the 1999 —2008 Hainan Statisti-
cal Yearbook, 1999 —2008 Hainan Yearbook, and 2000 —2004 Hainan Ecological Construction Yearbook, as well as the principles of science, repr-
esentativeness, comprehensiveness, simplicity, operability and applicability. Land ecological security assessment index system is established
based on the "P —S — R" conceptual framework model. Land ecological security evaluation model is set up by using Comprehensive Evaluation
Method and Analytical Hierarchy Process Theory, which can be used to evaluate and analyze the land ecological security in the years 2000 —2007.
According to the evaluation result, specific countermeasures and suggestions are put forward in order to promote the sustainable use of land re-
sources and to maintain the ecological security. Result shows that land ecological security of Hainan Island is at the sensitive level ( early-warning
state) in the years 2000 —2007 and at good level ( relatively security state) in the year 2007. Land ecological security as a whole shows an increas-
ing trend year by year. Factors restricting the level of land ecological security of Hainan Island are mainly the natural population growth rate, grain
production per unit sown area, urbanization level, per capita cultivated land, reserve resources rate of land resources, growth rate of total fixed as-

set investment, per capita net income of rural residents and so on.
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As human activity and land use intensity increase, land ec-
ological environment becomes more and more seriously dam-
aged. Area of land desertification, as well as soil and land ero-
sion, rapidly expands. All these increasingly prominent ecologi-
cal problems directly threat the ecological security of China’s
land resources. Therefore, land ecological security becomes
an important issue of current sustainable use of land re-
sources "’ ; and land safety assessment is an important re-
search content of land ecological security, offering an effective
method to scientifically evaluate and measure the impact of cer-
tain activity on land and the ecological effects, as well as an im-
portant way to realize the sustainable use of land resources'®’.

1 Overview of the research area, data

sources and research method

1.1 Overview of the research area Hainan Island (18°10’
—-20°10" N, 108°37' —111°03' E) is situated in the southern
end of China, the main land of Hainan Province with the total
area of 33.9 thousand square kilometers. It is high in the cen-
ter and low and flat in its peripheral areas with 1 867 meters alti-
tude and the highest mountain Wuzhi. There are hilly basins in
mountainous region and hilly is mainly distributed in the inland
island and the northwest and southwest areas. Coastal plain is
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all around the island. Hainan Island has the characteristics of
significant cascade structure and annular step-like landform
composed of mountain, hills, plateaus and plains with Wuzhi
Mountain and Yingge Ridge as the core'®'. Hainan Island is lo-
cated in the tropical area, belonging to the tropical monsoon cli-
mate. It is the most distinctive region of tropical marine climate,
with warm and hot all the year around, obvious wet and dry
season, big constant wind, severe tropical storm, frequent ty-
phoon and rich climate resources. Affected by the landform,
differentiation of biological climatic conditions is caused, and
soil distribution shows distinct vertical zonality and regionalism.
1.2 Data source Research data are from the 1999 - 2008
Hainan Statistical Yearbook, the 1999 — 2008 Hainan Year-
book, the 2000 —2004 Ecological Province Construction Year-
book of Hainan, the Hainan Encyclopedia, the 2000 —2008 Re-
port on the State of Environment in Hainan Province, the Con-
struction Theory and Practice of Ecological Province of Hainan,
and so on.

1.3 Research method At present, there are many methods
for comprehensive evaluation on land security. And we select
Comprehensive Index Method and Analsis Hierarchy Process
according to the advantages and disadvantages of various
methods.

2 Construction of land ecological security

evaluation system

2.1 Construction of evaluation index system The key of
land ecological security assessment is to establish a scientific
evaluation index system and to determine the weight of in-
dex'*'. At present, evaluation index system of land ecological
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safety is still at the exploratory stage and construction of index
system remains to be the difficulty in research. Selection of e-
valuation index not only considers the environment condition,
but also reflects the impact of human activity and important fac-
tors affecting ecological security. Besides, the operability of
method and the availability of ecological security index data
should also be considered, as well as the complex relationship
of evaluation factors of regional land ecological security, level
of land ecological security and relevant research results in Chi-
na'®’. Based on the principles of representativeness, compre-

hensiveness, simplicity, operability, applicability and scientific
nature, as well as the " Pressure — State — Response" (P -
S - R) conceptual framework model, a total of 18 indices are
selected according to the particular geographical features of
Hainan Island. Taking Land ecological pressure, land of eco-
logical state and land ecological response as the subsystems,
evaluation index system of ecological security is constructed
(Fig. 1). This index system includes target layer (A), criteri-
on layer (B) and index layer (C).
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Index system of land ecological security in Hainan Island, China
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2.2 Determination of index weight and reference value of
ecological security evaluation In the evaluation of ecological
security, reference value of evaluation index mainly cones from
the international accepted value, the world average value, the
various standards all over the world, and the standards promul-
gated by local governments. Meanwhile, considering the char-
acteristics of land ecological environment and the actual situa-
tion of Hainan Island, part of the index reference values choose
the national average according to the reference literatures.

Weight is the information representing the index factor vari-
ables and the relative importance to the factor at the upper
grade. This research adopts the Analytic Hierarchy Process
method ( AHP method) and determines the index weight ac-
cording to the experience of experts'™’. Firstly, according to the
relationship of each level index, the hierarchical structure model
is constructed. Then, experts compare and judge the relative
importance of index. Based on the evaluation result of experts,
weighted method is calculated and the land ecological security
index of Hainan Island is obtained (Table 1).
2.3 Standardization of evaluation index Standardization
treatment of index is conducted by range method. And different
indices have different standardization equations.

When the evaluation index is positive, we have p;, = ( x; —

Xoin )/ ( Xmax — Xmin ) ;@Nd When the evaluation index is negative,
we have p; = (X, = X;)/( Xpax — Xmin ) s Where x; is the actual ob-
served value of a given index, x,. and x., are the maximum
and minimum values of the index within time series, and p; is
the actual evaluation value of the index after standardization.
After the standardization treatment of evaluation index, the
value is between 0 and 1. And O represents the worst state of a
given index in a given year within time series, compared with
the same index in the other year. 1 means the best state of a
given index in a given year within time series, compared with

the same index in the other year'™.

Table 1 Index weight of land ecological security in Hainan Island
Index Weight Safety trend || Index = Weight  Safety trend
C 0.03 - Cy, 0.04 -

G, 0.05 - C, 0.08 +

C, 0.05 + C, 0.05 -

C, 0.03 + Cys 0.06 +

C; 0.02 + C, 0.08 +

Cs 0.08 + Cis 0.03 +

C, 0.08 + Cs 0.06 +

G 0.08 + C, 0.05 +

C, 0.08 + Cis 0.05 +
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3 Result and analysis

3.1 Calculation of the safety value of evaluation index Ac-
cording to the correlation between evaluation index and land eco-
logical security, index can be divided into positive and negative in-
dices. Positive index includes the annual output value of unit ag-
ricultural land, economic density, urbanization level, proportion
of tertiary industry in GDP, per capita GDP, growth rate of total
fixed asset investment, and per capita net income of rural resi-
dents” . And negative index refers to population density,
natural growth rate of population, proportion of dry land, and
proportion of soil and water loss. As for the index having the
characteristic of greater security due to bigger positive index,
its reference value is the lower limit of security and the value is
unsafe if it is lower than the limit. As for the index having the
characteristic of greater security caused by smaller positive in-
dex, its reference value is the upper limit of security and the

value becomes unsafe if it is greater than the limit!” '/,

Equation of positive index is
1 X =S,
{X/S, x100% X, <S,’
while equation of negative index is
y [ X.<S,
’_{S,./X,x100% X >S’
Hence, the security value of single index is
[=Y, xW,
where X, is the actual value of index, S, is the reference
value of index, Y, is the security index of index, /is the security
index of single index, and W, is the index weight.
According to the above calculation method, security value
of single index of land ecological security evaluation in Hainan
Island in the years 2000 —2007 is obtained ( Table 2).

Y. =

i

Table 2 Ecological security value of land ecological security evaluation index in Hainan Island, China

Year C, G, C, C, Cs Cs G, Cs

C10 Cﬁ C12 CI 3 C14 01 5 C16 01 7 C18

0.0180 0.0070 0.0500 0.0300 0.0157 0.0611 0.0653 0.0800 0.0320 0.0400 0.0388 0.0315 0.0007 0.0800 0.0300 0.0435 0.0053 0.0440
0.0180 0.006 8 0.0500 0.0300 0.0159 0.0645 0.0681 0.0800 0.0307 0.0400 0.0388 0.0315 0.000580.080 0 0.030 0 0.0472 0.0197 0.0450
0.0175 0.0070 0.0500 0.0300 0.0157 0.076 3 0.0755 0.0800 0.0312 0.0400 0.0385 0.031 5 0.000580.080 0 0.030 0 0.0518 0.027 7 0.047 79
0.017.3 0.007 3 0.0500 0.0300 0.0159 0.0800 0.0785 0.0800 0.0318 0.0400 0.0354 0.0326 0.0006 0.0800 0.0300 0.0567 0.050 0 0.050 0
0.016 950.007 4 0.048 870.030 0 0.0164 0.080 0 0.080 0 0.0800 0.044 1 0.0400 0.035350.032730.0007 0.0800 0.0300 0.0600 0.0410 0.0500
0.016 680.007 5 0.047 930.030 0 0.0145 0.080 0 0.080 0 0.0800 0.044 7 0.0400 0.036 590.032890.0007 0.0800 0.0300 0.060 0 0.0488 0.050 0
0.016 4 0.007 5 0.047 1 0.0300 0.0169 0.0800 0.080 0 0.0800 0.0450 0.0400 0.0365 0.0329 0.0006 0.0800 0.0300 0.060 0 0.027 7 0.050 0
0.016 1 0.0075 0.0462 0.0300 0.0178 0.080 0 0.080 0 0.0800 0.0450 0.0400 0.0365 0.0329 0.0007 0.0800 0.0300 0.0600 0.050 0 0.050 0

3.2 Calculation of the integrated value of land security Al-
though security value of single index can reflect the status of land
ecological security in Hainan Island from various aspects, it can
only reflect a certain aspect of land ecological security system.
In order to fully reflect the status of land ecological security in
Hainan Island, security value of single index should be synthe-
sized into comprehensive value. Therefore, we select the index
sum method to calculate the integrated value of land ecological
security, that is

T=3(Y,xW),
where T is the integrated value of land ecological security, Y;is
the security index of the ith index, W, is the weight of the ith in-

dex, and nis the total number of indices!™ =",
Thus, the integrated values of land ecological security in

Table 3 System standard and grading of land ecological security

the years 2000 — 2007 are 0. 675 44, 0. 701 2, 0.735 6,
0.7706,0.779 8, 0.7859, 0.775 0 and 0.801 2, respectively.
3.3 Evaluation standard of land ecological security Since
the integrated value of land ecological security is between 0 and
1, it is difficult to evaluate the status of land ecological security by
direct observation. According to the integrated security value
calculated, relevant literatures have set up the integrated evalu-
ation standard of land ecological security in Hainan Island ( Ta-
ble 3). Range of integrated security value (0 —1) is classified
into 5 security grades by non-equidistance method. The greater
the integrated security value is, the better the land ecological
security becomes, and vice versa. Moreover, system charac-
teristics of the corresponding 5 grades are described!™ ™',

Grade Security value

System state

System characteristics

Extremely adverse land ecological environment, incomplete structure of land ecological system, se-
verely degraded service function, and difficult reconstruction of ecological restoration

Adverse land ecological environment, greatly damaged structure of land ecological system, severely
degraded service function of land ecology, incomplete system function, difficult recovery after exter-

Relatively poor land ecological environment, damaged structure of land ecological system, degraded
service function of land ecology, which is able to maintain its basic functions, deterioration after dis-

Good land ecological environment, relatively complete structure of land ecological system, almost
completed function of land ecological service function, relatively good system function, easy recover-
y after external disturbance, relatively little possibility of ecological disasters

Good land ecological environment, complete structure of land ecological system, completed function

| (0,0.4] Adverse grade
1] (0.4,0.6] Risk grade
nal disturbance, prone to ecological disasters
1] (0.6,0.8] Sensitive grade
turbance, relatively easy occurrence of ecological disasters
v (0.8,0.9] Good grade
V (0.9,1.0) Safe grade

of land ecological service function, good system function, recovery after external disturbance, little
possibility of ecological disasters
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3.4 Analysis of evaluation result Result of evaluation
shows that land ecological security of Hainan Island is at sensi-
tive grade (pre warning status) in the years 2000 —2006, and
at good grade (relatively security status) in the year 2007. Mo-
reover, land ecological security shows an increasing trend year
by year in general.

(1) According to the evaluation standard, land ecological
security in Hainan Island belongs to grade ||| from the year 2000
to 2006, and to grade IV in the year 2007. This is because that
the natural condition is better in Hainan Island. In recent years,
Hainan has implemented the strategy of sustainable develop-
ment in order to improve the level of ecological security. At the
same time, proportions of woodland and per capita cultivated
land in Hainan Island are both higher than those of the national
average. But the proportion of cultivated in Hainan Island is rel-
atively small and the economic density is relatively high. Pro-
portion of tertiary industry in GDP is above 40% and the urbani-
zation level is also improved rapidly from 26% in the year 2000
to 39% in 2007. However, the growing population density, the
high growth rate of population, and the low per capita net in-
come of rural residents and reserve rate of land resources have
restricted the further improvement of land ecological security in
Hainan Island.

(2) Fig. 2 illustrates that both land ecology and security
level of Hainan Island have increased gradually, indicating that
the security level has the condition for transformation. In the
years 2000 —2006, comprehensive evaluation value of land ec-
ological security is between 0. 67 and 0. 78, indicating that the
ecological security is under continuous improvement. Since the
ecological province construction of Hainan Province in the year
1998, the ecological environment of land has been improved,
function of land ecosystem has been recovered through the
closed forest, the conversion of cropland to forest, the restora-
tion of coastal protective forest, the effective improvement of
cultivated area, the acceleration of soil erosion and desertifica-
tion control, the enhancement of growth rate of total fixed asset
investment and the per capita net income of rural residents. All
these measures have further promoted the land ecological se-
curity level of Hainan Island. Fig. 2 indicates that land ecologi-
cal security of Hainan Island in the year 2007 is significantly
higher than that in the years 2000 —2006, showing that the eco-
logical construction of Hainan Island has achieved initial
success.

(3) Research shows that restrictive factors of land ecologi-
cal security level of Hainan Island are mainly the natural popula-
tion growth rate, the grain production of unit sowing area, ur-
banization level, per capita cultivated land area, reserve rate of
land resources, growth rate of total fixed asset investment, per
capita net income of rural residents and so on. Although Hainan
Island has been committed to reducing population growth rate,
it still maintains at a rate of 8.9% at present due to the cultural
differences and low educational level. At the same time, growth
rate of total fixed asset investment of Hainan Island is signifi-
cantly lower (9.4% ) in the year 2006. And per capita cultivat-
ed land is decreasing, which is neither conducive to the devel-
opment of modern agriculture nor to the optimization of industri-
al structure. Therefore, we should protect the limited cultivated

L0y

0.9

0.8

Security value

0.7F

0.6 . . . . . . -
2000 2000 2002 2003 2004 2005 2006 2007

Year

Fig.2 Variation trend of land ecological security value in
Hainan Island
land resources, and rationally develop the precious land re-
sources.

4 Countermeasures

According to the result of evaluation, suggestions from 4
aspects are put forward in order to strengthen the construction
of land ecological security and to further improve the land eco-
logical security of Hainan Island based on the land ecological
problems at present.

(1) Implement the ecological construction plan of Hainan
Island, and organically combine the economic and social devel-
opment with the ecological protection and construction. With
the development of economy and the expansion of urban scale,
there is a growing demand for land resources, which also
threatens the security of land ecological environment. Thus,
protection and development of land not only promotes the re-
gional development, but also is the need to maintain ecological
security. In recent years, Hainan Island has implemented the
closed forest and has strengthened the construction policy of
natural protection®’ . All the slope land above 250 should con-
duct the policy of returning cultivated land to forest, and canopy
density of tropical natural forest should be gradually increased.

(2) Strengthen the protection of farmland, adhere to the
regulation system of land use based on the planning, establish
a strict farmland protection system, and set up a scientific and
feasible protection index of cultivated land. According to the re-
serve resources of cultivated land, appropriate land develop-
ment should be carried out by taking land consolidation and rec-
lamation as the major measures in order to increase the effec-
tive cultivated land and to improve the quality of cultivated
land""® "%

(3) Pay attention to the improvement of land ecological
environment, prevent land degradation, and control the land
ecological environment construction and land pollution, integra-
ting prevention and treatment together. At the same time, ap-
ply fertilizers and pesticides rationally in order to reduce the pol-
lution of land. When utilizing and developing resources orderly
and appropriately, we should focus on enhancing the resource
utilization rate and resource saving, and adopt the development
mode of resource-saving type. Moreover, we should also make
the overall land use planning, utilize land rationally, and ensure
land use for each industry. Due to the imperfect land market of
Hainan Island, a great number of land transfers are not fully in
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accordance with the mechanisms of market economy laws and
there is too much human intervention. Therefore, we should
establish a new mechanism for land use as soon as possible to
perfect the land market """,

(4) Ecological environment is the lifeline of human exist-
ence and economic development, as well as the key for sus-
tainable land use. Therefore, the concept of ecological security
should be firmly established. Since Hainan has relatively large
population density, and prominent contradiction human and
land, we should make population planning and policy compati-
ble with the natural capacity, control population growth and
ease the contradiction between people and land.
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