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Abstract Ecosystem health is the object of water and soil 
conservation and ecological building in loess hilly areas 
under erosion environment. Using principles of ecosystem 
health quantitative assessment and diagnosis index selection, 
17 factors were considered from three aspects: resource and 
environmental capacity, social and economic impact, and 
ecological services. An evaluation index system on ecosys-
tem health was established for a small watershed under 
erosion conditions. Mean-square deviation was employed to 
determine the weight of each factor and then step-up multi-
layer synthesis with linear weighting function was used 
to build a two-level hierarchy and collection index health 
consultation model. The health dynamics of the ecosystem in 
the small watershed under erosion conditions was analyzed. 
Results show that the watershed ecosystem is relatively stable 
and has an increasing annual fluctuation (0.370 in 1985 to 
0.573 in 2003) for the health index. This increasing trend 
indicates an adequately strong ability for sustainable develop-
ment. At the same time, obstacles and advantages to the 
watershed ecosystem health were studied by introducing the 
concepts of obstacle degree and advantage, and path analysis 
method, considering the real economic optimal level as 
the uppermost goal. Finally, suggestions on ecological 
building were provided as a scientific basis for ecosystem 
rehabilitation in the small watershed.

Keywords ecosystem health, quantitative assessment, 
small watershed, erosion environment

1 Introduction

Ecosystem health, which has been a hot topic in ecology 
since the late 1980s, has focused on the functional amplitude 
of the system, identification of confusion, load capacity of 
organizational structure, restoration capacity, expanding 
capacity, program diagnosis, effective target design, system 
of health diagnoses, research on coordination, and coupling 
(Coluell, 1996; Kong et al., 2002). Scholars worldwide have 
conducted a number of studies on ecosystem health. For 
example, Schaeffer et al. (1998) studied the tolerance of 
ecosystem health, and Rapport (1989) expounded on the 
connotation of health of an ecosystem. Current research has 
played an important role in natural science (Shen, 1997; Wu 
et al., 1999; Zeng et al., 1999; Ren et al., 2000). However, 
these studies are neglected in China, especially the ecosystem 
health of an erosion environment.

An erosion environment, having a unique erosion land-
scape and ecosystem, is a compound environmental system 
defined by both natural and human factors (Tang and He, 
1999). The foundation of a healthy ecosystem in a small 
watershed is an essential unit of the ecosystem of an erosion 
environment, and supports the ecological and environmental 
construction of loess hilly areas. The Zhifanggou watershed, 
located in the loess hilly area north of Shanxi and under 
a typical erosion environment, has been comprehensively 
harnessed for over 20 years via three stages: starting recovery, 
steady development, and present benign circulation, and has 
progressed into healthy development from a degenerative 
state (Lu et al., 1997; Liu et al., 2003). However, with the 
growing awareness of both water and soil conservation and a 
social economy, there is now a higher demand for the compre-
hensive control and ecological construction of watersheds 
worldwide (Walker and Reuter, 1996; Noble and Dirzo, 1997; 
Liu et al., 1999; Liu et al., 2003). Thus, the analysis on 
evolving rules of the ecosystem of an erosion environment 
and its health diagnosis has important theoretical and 
practical applications to promote such an environment and its 
sustainable development.

For this paper, we build the hierarchical model of health 
evaluation based on the work of Liu et al. (2003). Moreover, 
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we introduce indices that reflect the development and 
improvement of the ecosystem of an erosion environment 
and human behavior. Applying statistics of postural value 
about eco-environment restoration, we establish the weight 
of each factor, which ameliorates calculation methods and 
eliminates artificial subjective randomness. A quantificational 
evaluation on the eco-agricultural health of water and soil 
conservation was provided in the Zhifanggou small water-
shed in the typical erosion environment, which provided a 
basis for policy decision-making on system development in 
the small watershed.

2 Study area

The study site, located in the Zhifanggou watershed, is a 
typical erosion environment with an area of 8.27  km2 and is 
situated in the hinterland of the loess hilly area (36°51p  N, 
109°19p  E) in Ansai, Shanxi Province. The climate of the 
area is warm with a tendency to be semi-arid. Average annual 
rainfall is 524.5  mm and average annual temperature is 8.8°C. 
Zonal dark loessial soil was replaced by loess soil developing 
on the parent-rock due to soil and water loss in the watershed, 
which is affected by the discontinuous and undulate landform. 
The area lies in an interim of forest and plains where vegeta-
tion was destroyed by human activity. In 1938, the population 
density in the area was 11.4  person/km2, coverage of arbors 
and shrubs was 51.2% and the grain yield was 1,449  kg/hm2. 
Between 1938 and 1958, the population density went up to 
26.7  persons/km2, the reclamation index reached 51.5%, the 
grain yield was reduced to 415.5%, and soil erosion modulus 
was 15,000  t/km2. Moreover, the ecosystem was significantly 
ruined; the forest area was only 0.4% of the watershed. Since 
1973, conservation of the soil and water laboratory of Ansai 
began with comprehensive control on the watershed and the 
reversion of farmland to forests and grassland. In 2002 the 
coverage of forest and grass went up to 60%, food yield 
improved to 4,438.5  kg/hm2, and the degraded ecosystem 
recovered. At the same time, annual commissariat and eco-
nomic earning rose and the ecology improved observably in 
spite of a continued population increase.

3 Health diagnosis of the small watershed 
on typical erosion environment

The ecosystem of an erosion environment is a compound 
system of ecological and economic systems, an open system 
and a system of relative heterogeneity marked by continuous 
flows of energy, substance and communication among each 
subsystem. The health of other subsystems, and even the 
whole environment, will be affected if one of the subsystems 
is mangled. At the same time, human activity such as change 
of land use, irrigation and fertilization of farmland and vari-
ous hydraulic projects play an important role in the system’s 
health. Research on the health of the ecosystem in an erosion 

environment must consider vital characteristics connecting 
each subsystem and human activity. Such a definition recog-
nizes that managers have the ability to carry out rational strat-
egies to maintain ecological safety, production ability and the 
state of sustainable development. A healthy ecosystem in an 
erosion environment has at least the following six character-
istics (Walker and Reuter, 1996; Lu et al., 1997; Liu et al., 
2003):

1) average annual soil loss should be controlled below 
1,000  t/(km2 · year) and the environment should have the 
ability to recover when subjected to a natural disturbance; 

2) it can safeguard itself from a crisis of the ecosystem;
3) it can maintain itself (can exist without input);
4) it does not damage other ecosystems nearby as it is 

managed and used;
5) it can provide rational ecological services for nature and 

humans;
6) it can maintain the health of human communication.

3.1 Index selection and construction of a diagnosis system

The main approaches to a healthy diagnosis of ecosystems are 
the indicator species and index system. The method of indica-
tor species is popular in land and water ecosystems. Although 
convenient, it does not consider indices in social economy 
and human health. Meanwhile, an index system mainly 
includes indices of social economy and human health and 
compounds other information to diagnose the health condi-
tion of a system. For the erosion environment in Zhifanggou, 
we adopt the index system based on health, substance circula-
tion and energy flow of the ecosystem. Sieving indices must 
reach the following five goals: 1) to reflect comprehensively 
and accurately the health condition of the ecoystem of the 
erosion environment; 2) to provide representative patterns 
reflecting present status; 3) to monitor conditions linked to 
biophysics and human intimidation in the ecosystem and find 
the relation between natural and human stress and transfor-
mation of a healthy ecosystem; 4) to find causes of ecosystem 
degradation; and 5) to provide a statistical summary and 
explanatory report about healthy conditions, change and 
trends of the ecosystem for government, science and human 
use. Sieving indices must maintain the following principles: 
1) entirety; 2) spatial yardstick; 3) category or types of index; 
4) conciseness and maneuverability; and 5) standardization.

Based on the above goals and principles, we selected a 
series of indices reflecting the impact of the present situation 
and trends of society, economy, resource, environment and 
human health on the ecosystem in a loess hilly area under an 
erosion environment, and we construct three levels. The first 
level is ecosystem health indicators; resource-environment 
support levels (T1), social economy state effect (T2) and eco-
comprehensive function (T3) make up the second level, and 
the third level covers the resource index (C1), environment 
index (C2), social economy index (C3), human-culture index 
(C4), comprehensive index (C5) and soil index (C6), which 
involves 17 idiographic indices, x1, x2, x3…… x17 (Fig. 1). 
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C1: per capita basic farmland x2 (hm2), per capita grassland 
x3 (hm2), amount of livestock on hand x4;

C2: forest and grass density x1 (%), organism content x5 
(g/kg), harness degree x6 (%);

C3: output-input ratio of agriculture x7, per capita net 
income x8 (yuan), the rate of contribution of industrial by-line 
x9 (%);

C4: population density x10 (a person/km2), popularization 
rate of compulsory education x11 (%), Engel coefficient x12;

C5: the realization rates of per unit area grain yield produc-
tivity x13 (Lu et al., 1997) (%), sediment-reducing benefit 
of comprehensive treatment x14 (%), system resilience x17 
(Lu et al., 1997) (%);

C6: soil anti-scouribility x15 (L · min/g), sediment-reducing 
benefit of comprehensive treatment x16

3.2 Diagnostic method and model construction

The index weight is vital for the diagnostic method. Gener-
ally, the index weight is sorted into subjective and objective 
endowing methods according to the source of the original 
data. The subjective endowing method is a relatively mature 
method but lacks objectivity. Under this approach, experts 
judge using their experiences, such as the methods of Gulin, 
Delphi and AHP (analytical hierarchy process). The objective 
endowing method utilizes statistical calculation according 
to the source of original data and eliminates the man-made 
factor. This approach applies techniques such as measure of 
dispersion, the mean-square deviation decision method, and 
main components analytical method. We adopted mean-
square deviation, which is accurate for ascertaining the weight 
of indices and constructing a diagnostic model to combine 
with other statistical measures to comprehensively assess the 
ecosystem in the small watershed of loess hilly areas under a 
typical erosion environment.

3.2.1 Definition and calculation of single index

A majority of indices can be acquired by surveying or by field 
testing, and by observing frequently. A few indices need 
explanation and are developed using some formula.

1) Engel coefficient (x12)
The Engel coefficient is a significant index reflecting 

poverty and wealth (Wang, 2003). The state of poverty or 
wealth of living in an erosion environment determines wheth-
er the environment is controlled and eco-system is recovered 
successfully, so this index is representative for the diagnosis 
of a healthy ecological system. The formula is as follows

Engel coefficient (%) = (payout of food/payout of consump-
tion)x100%.

Generally, the lower the Engel coefficient, the more well-
off are the locals. The Food and Agriculture Organization 
(FAO) puts forward a standard to differentiate poverty and 
wealth: over 59%, absolute poverty; between 50%–59%, 
reluctant living; between 40%–50%, well-to-do level; 
between 30%–50%, wealthy; below 30%, wealthy enough.

2) Potential realization rates for the grain yield 
productivity per unit area (x13)

The realization rate is a ratio of productivity of land 
(kg/hm2) to the potential maximal yield of crop under the 
local climate (5,745  kg/hm2) (Wu, 2002). The magnitude of 
the realization rates can reflect whether local productivity 
of land is in accord with the actual industry setting. Food 
security in loess hilly areas plays an important role in the 
food security in China (Wu, 2002). The realization rate is an 
integrated productivity index that can reflect the condition of 
moisture and nutrients of an erosion environment.

3) System anti-converse (x17)
System anti-converse (Wu, 2002) is the ability of disaster 

resistance in the system, and can be expressed as the ratio of 
agricultural production value in a disaster year to average 
agricultural production in a watershed.

4) Soil anti-scouribility (x15)
Soil anti-scouribility is the resistance ability to breakage 

from an outside force such as runoff, wind, and rainfall. 
It plays an important role in the diagnostic system and is 
associated with soil physiochemistry and biological factors. 
We measured it by the method of original soil erosion (Hu 
et al., 2000). The formula is as follows

S0 = (Qxt) / M (1)

Fig.  1 Hierarchical structure of health diagnosis of an ecosystem in a small watershed in erosion environment
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where S0 is soil anti-scouribility (L · (min/g)); Q is total scour-
ing soil (mL); t is scouring time (min); M is scouring dry-soil 
(g).

5) Soil permeability (x16)
Soil permeability is a process wherein water enters the soil 

and generates soil water. It is an important factor in the trans-
formation of precipitation, surface water, soil water, and 
ground water (Wu, 2002). It is measured by a large infiltration 
tube (Wang, 2003). The formula is as follows

K10 = 10Qi L / (S (0.7+0.03t) (H+L)ti) (2)

where K10 is the coefficient of soil permeability; Qi is the 
transudatory soil water amount in ti (mL); S is the area of 
cross section of the infiltration tube; L is soil thickness (cm); 
H is water thickness (cm); and ti is osmotic time (min).

3.2.2 Calculation of indices weight

Fuzzy set theory was adopted to gain the standardization of 
indices by introducing a subordinate function.

To the benefit type indices
yij = (xij / xjmax)Cx10% (3)

To the cost-oriented indices
yij = (xjmin / xij)x100% (4)

where xjmax is the maximum of Ij; xjmin is the minimum of 
Ij; and C is the constant of scoring ambiguity. Generally, 
C>1, C = 1.1 in the calculation (ambiguity is lower in the 
ecosystem of a small watershed).

After the standardization of indexes, the decision-making 
matrix is

Y = (yij)nm 

Apparently, the larger yij is the better. The mean-square 
deviation method (Wang, 1999) was adopted to calculate 
the coefficient weights wj, wk, and wi of single index (xj), 
the second level index (Ti), and the third level index (Ck), 
respectively (Dai et al., 2005a, 2005b).

3.2.3 Health diagnosis model

Mean-square deviation was employed to determine the weight 
of each factor, which reflected health level during a certain 
period, and basically evaluate a harmonious and persistent 
development trend in the watershed. To study the health con-
dition of a small watershed in a typical erosion environment, 
we built an index model of a health system. The indices of the 
health system represented the general level of comprehensive 
control measures, ecological environment construction and 
economic development.

1) Second level health indices
According to the character of the index system in the 

watershed, each index of the secondary level could not be 

replaced by another. They are indispensable conditions of the 
resource-environmental support, social-economic state effect 
and the health of eco-comprehensive function. We thus 
adopted the linear weighting function method to calculate the 
secondary health indices (Wang, 1997).

I y wij j
wk

t = ( )∑∏⎡⎣ ⎤⎦  (5)

where It is the secondary index, Ti is health index, yij is value 
of quantitative indices, wj is the monomial weight of index, 
and wk is the weight of the third index.

2) Index of health system
Each index reflects the health level of the erosion environ-

ment from different aspects in the secondary index, and the 
whole level must be evaluated synthetically. Therefore, we 
adopted a linear weighting function to calculate the index of 
the health system. 

I I w y w wi
i

ij j
w

i
i

k

h t= =
= =

( ) ( )]
1

3

1

3

∑ ∑∏∑ ⎡⎣ ⎤⎦{ }  (6)

where Ih is the index of the health system in the loess hilly 
areas under the eco-economic system; wi is the weight of the 
secondary index; the classification meaning of Ii and Ih is in 
accord with the research by Lu (1997). 

The ecosystem in Zhifanggou small watershed was classi-
fied on vicious cycle, fragility, relative stability, better and 
benign cycle. According to the actual change of erosion envi-
ronment and the development process, the health standard is 
scientific and credible. We thus introduced this in our research 
(Table 1).

Table 1 Health criteria of eco-economic system in loess hills area

Health grade Vicious Fragility Relative Better Benign
 circulation  stability  circulation

Health index <0.15 0.15–0.35 0.35–0.55 0.55–0.70 >0.70

3.2.4 Diagnoses of barrier and predominance 

The objective of diagnoses is not only limited to diagnosing 
the health condition of the watershed, but also exploring the 
health development factor about barrier and predominance, 
which benefits harnessing of the environment and readjusting 
related policy. First, we calculated the obstacle (Lj) and 
dominance (Aj) based on literature (Dai et al., 2005b). 
Second, we used path analysis to ensure the factor about 
barrier and predominance of the system.

Path analysis was introduced by Sewall Wright in 1921, a 
geneticist in the USA, to evaluate pluralistic analyses of the 
relative coefficient in depth (Bhatt, 1973; Ming, 1990). The 
method is not only able to measure the connection between 
two variables, but can also reflect significance of the result. 
Moreover, it can disassemble correlative coefficient as a 
direct and indirect effect and reflect the relative significance 
of each fact for the result.
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To an inter-related system, there is a linear relation 
between a dependent variable (y) and n independent variables 
(xi) (i = 1, 2, …, n). The regression equation is as follows

y b b x b x b xn n= + + + +0 1 1 2 2 �  (7)

To calculate the path coefficient Pyxi
, we used actual 

observation value and the principle of least squares method. 
The path coefficient is the coefficient of side-regression of 
variable standardization and expresses the significance of 
reason for the result.

The formula (7) can construct a normal matrix equation by 
means of mathematic commutation
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where rx yi j
 is the simple relative relation of xi and yj; rx, y is the 

simple relative modulus of x and y; the path coefficient ( Pyxi
) 

can be calculated by formula (8)
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s
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where bi is the side-regresssion coefficient of y to xi; sxi
, sy are 

xi, y respectively; Pyxi
is direct path coefficient of xi to y; rx yi j

 
and Pyxi

are indirect path coefficients of xi to y by xj.
The residual path coefficients of item (Pye) are

P r P r P r Py x y yx x y yx x y yxn ne = - + + +1
1 1 2 2

( )�  (10)

The larger Pye representing the less important factor should 
be considered or a larger error exists.

4 Results and analysis

4.1 Quantification of diagnostic indices and weight 
determination

On the basis of the index system, we obtained values of each 
numerical index of the ecosystem in Zhifanggou in the loess 
hilly areas under an erosion environment by analyzing ex-
perimental data, observation and investigation of many years 
combining the definition of the index. To obtain the weight of 
each index, we quantified original data with the method above 
and obtained the value of the quantitative index.

The index values of the watershed system had a wave-like 
increase over time. In particular, the ecological environment 
of the watershed improved gradually and took on the trend of 
benign circulation (Table  2). Each index of the watershed 
ecosystem had preferable health condition and harmonized 
with each other commendably. The difference of each 
index weight was not obvious. For example, the weight of 

source-environment support was 0.284,3, the weight of 
social-economic state effect was 0.360,5 and the weight of 
eco-comprehensive function was 0.355,2 (Table 3).

Source-environment support, social-economic state effect 
and eco-comprehensive function were of the secondary level 
index and increased wave-like over time (Fig.  2). Source-
environment support rose smoothly, while social-economic 
state effect and eco-comprehensive function changed 
rapidly. In particular, the health index of eco-comprehensive 
function rose rapidly from 0.351 in 1985 to 0.611 in 2003. 
Generally, the source-environment, social-economic state 
and eco-comprehensive function of the watershed system 
improved yearly. Moreover, they followed the trend of benign 
circulation.

Fig.  2 Variance of resource environmental support, social econo-
my human impact and ecological compositive function health 
index

4.2 Dynamics diagnoses of health system

We used the values of attribute and index weight from 
Tables  2 and 3 and formula (5) to calculate and gain dynamic 
change of the two-level health index of the small watershed 
ecosystem. Moreover, we used formula (6) to calculate the 
health index of the ecosystem and draw a dynamic curve 
(Fig.  3).

Fig.  3 Temporal variance of integrated health index in 
Zhifanggou watershed
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Table 3 Indicator weights for health diagnoses of the ecosystem in the Zhifanggou watershed

 Hierarchical structure  Indicator Weight

   x2 0.059,2
 Source-environment T1 Resource index C1 x3 0.026,6
 0.284,3 0.144,3 x4 0.058,5
   x1 0.042,1
  Environment index C2 x5 0.025,7
  0.140,0 x6 0.072,1
   x7 0.063,1
Health indicator Social economy T2 Social economy index C3 x8 0.091,7
CHI 0.360,5 0.236,6 x9 0.081,8
   x10 0.027,0
  Human-culture index C4 x11 0.057,8
  0.123,8 x12 0.039,2
   x13 0.089,9
 Ecology function T3 Comprehensive index C5 x14 0.081,2
 0.355,2 0.228,2 x17 0.057,0
   x15 0.090,7
  Soil index C6

  0.127,1 x16 0.036,3

The health index followed an ascending fluctuating trend, 
rising from 0.370 in 1985 to 0.536 in 2001 after a relatively 
steady state. It entered a rapid state after 2002 and reached 
0.573 in 2003. Moreover, the trend was developing to the 
highest grade of health phase, which was a benign circulation 
(Fig.  3). Since 1973, water and soil conservation laboratory 
of Anshai began to control the small watershed, with support 
from the sixth and seventh five-year plans of Shanxi Province 
Technologies Research and Development Programme. Thus, 
the ecological system in the erosion environment was recov-
ered and rebuilt by carrying out a series of measures, putting 
rainfall interception in place, setting up soil and water loss 
prevention at the center, and taking land utilization rationally 
as a prerequisite. Moreover, the system took recovering and 
rebuilding of vegetation and basic farmland, and developing 
the eco-forest and aquaculture as four dominant measures of 
eco-agricultural development of soil and water conservation. 
Apparently, the method and measures were scientific and 
rationally generalized for a loess hilly site under an erosion 
environment.

4.3 Diagnoses of obstacle and predominance

4.3.1 Obstacle diagnoses

We must diagnose the obstacle of the system to improve 
health conditions of a typical erosion environment. According 
to the above methods, we counted every single index by 
applying formula (9) and calculated obstacle (Li) and health 
index (Ih) with SAS (science analysis software) software 
(Table 4). Numbers with * sign were direct path coefficients, 
while the others were indirect path coefficients. The path 
coefficient of residual items of health index (Ih) was 0.056,2.

The following obstacle factors have good correlations with 
health index (Ih), including forest and grass density (L1), per 

capita net income (L8), the rate of contribution of industrial 
by-line (L9), and the realization rates for the per unit area 
grain yield productivity (L13) and system resilience (L17). 
Their summations of path coefficients were 0.097,7, 0.107,4, 
0.060,6, 0.410,4 and 0.064,3, respectively. Their direct path 
coefficients of health index (Ih) were 0.336,8, 0.663,5, 0.033, 
0.468,2 and 1.015,3. Forest grass density (x1) affected the 
health of the impediment system indirectly with per capita 
net income x8 (0.354,2), popularization rate of compulsory 
education x11 (0.237,3), sediment-reducing benefit of compre-
hensive treatment x14 (0.283,6) and soil permeability x16 
(0.334,1). Per capita net income (x8) affected the health of the 
impediment system indirectly with forest grass density x1 
(0.179,8), amount of livestock on hand x5 (0.106,0), agricul-
ture output-input ratio x7 (0.180,6), popularization rate of 
compulsory education x11 (0.193,8) and soil permeability x16 
(0.297,6). The direct path coefficient of contribution of indus-
trial by-line was only 0.330, but affected forest and grass 
density x1 (0.168,7), amount of livestock on hand x5 (0.117,6), 
output-input ratio of agriculture x7 (0.217,0), popularization 
rate of compulsory education x11 (0.208,4), Engel coefficient 
x12 (0.123,5), sediment-reducing benefit of comprehensive 
treatment x14 (0.166,3), and soil permeability x16 (0.297,6) so 
that the summations of path coefficients were augmented. 
The realization rates for the per unit area grain yield produc-
tivity x13 affected the health of the impediment system indi-
rectly with soil permeability x16 (0.370,8). System resilience 
affected the health of the impediment system indirectly with 
agriculture output-input ratio x7 (0.167,0), popularization rate 
of compulsory education x11 (0.135,7), and soil permeability 
x16 (0.370,8). Therefore, forest grass density, per capita net 
income, rate of contribution of industrial by-line, the realiza-
tion rates for the per unit area grain yield productivity, and 
system resilience were obstacle factors of the watershed 
ecosystem in an erosion environment.
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4.3.2 Predominance diagnoses

We counted each single index with formula (10) and calcu-
lated predominance with SAS to analyze the path coefficients 
(Table  5). The results indicated that the predominance of per 
capita basic farmland (x2) and popularization rate of compul-
sory education (x11) have a good relation with health index 
(Ih). The summations of path coefficients were 0.904,0 and 
0.432,7, while direct path coefficients of Ih were –0.175,6 and 
0.029,2. Apparently, direct effects were not apparent. Per 
capita basic farmland was negatively affected by the index, 
although the effect was indirect by control x6 (0.076,2), popu-
lation density x10 (0.131,5), sediment-reducing benefit of 
comprehensive treatment x14 (0.245,4), and the realization 
rates for the per unit area grain yield productivity x15 (0.092,4). 
This led to an increase of the summations of path coefficients 
and promoting system health. The popularization rate of 
compulsory education also weakly affected the index and 
affected indirectly by control x6 (0.059,6), Engel coefficient 
x12 (0.023,4), and sediment-reducing benefit of comprehen-
sive treatment x14 (0.245,4) to also promote system health. 
The path coefficient of control x6 was big (0.123,8), its direct 
action apparent and its indirect action on other factors also 
obvious. That is, per capita basic farmland, popularization 
rate of compulsory education and control were dominant 
conditions of the healthy ecosystem of the watershed that 
should be maintained and developed continuously.

4.4 Countermeasures and advice on system health in a 
typical erosion environment

Landform-physiognomy and drought of the loess hilly area 
under erosion environment showed how the ecological 
environment of the area was sensitive and fragile, making it 
easily disturbed and damaged. By exerting predominance, 
eliminating obstacles, adjusting measures to local conditions, 
and combining health system (meliorated source-
environment, apparent social-economic state effect and 
constantly enhanced eco-comprehensive function) with the 
diagnoses of obstacle and predominance (predominance was 
apparent and obstacle was outstanding), we put forward the 
following countermeasures and advice: 

1) we should strengthen the conversion of cropland to 
forest and grassland, enlarge the area of forests and grass, 
speed up recovery and rebuilding of the ecology, improve 
conditions of the ecological environment, and enhance 
system anti-converse effects;

2) we should guarantee quantity of per capita basic farm-
land, increase investment (especially science), advance the 
realization rates for the per unit area grain yield productivity 
and guarantee corn-security;

3) we should carry out livestock breeding and support the 
processing industry, transform primary products efficiently, 
develop industrial by-line and improve standard of living.

Ecological renovation of an erosion environment is an 
important measure that can accelerate system health. 

Therefore, we should develop such environmental renovation 
to realize steady development of system health.

5 Conclusions

The health diagnosis of an ecological system in an erosion 
environment is a new research field with limited studies. 
Applying characteristics of an ecosystem given the environ-
ment, we construct and set up an index system and appraisal 
model based on the health theory of ecology systems 
supported by a source-environment, and taking the social-
economic state effect and eco-comprehensive function as 
major clues. Furthermore, we research the health of an 
ecosystem of the watershed dynamically. The results show 
that health indices have strong capacity for sustainable devel-
opment and follow a wave-like increase over time, from 0.370 
in 1985 to 0.573 in 2003. 

At the same time, to attain optimal reality conditions 
for the eco-economic system, we introduced obstacle and 
predominance and diagnosed obstacle and predominance by 
applying path analysis. The result indicated that forest and 
grass density, per capita net income, the rate of contribution 
of industrial by-line, the realization rates for the per unit area 
grain yield productivity and system resilience were impedi-
ments to ecosystem health in the watershed. Although the 
factors improved, their velocities were slow and continued to 
block the health and sustainable development of the system. 
While per capita basic farmland, popularization rate of com-
pulsory education and control were the dominant conditions 
of the system, augmenting these factors can promote healthy 
development of the ecosystem. Long-term practice over the 
years prove that results from the method were in accord with 
reality, establishing the method as an efficient and rational 
way that can be easily managed.

The health condition of the system is relatively steady and 
has prodigious potential. The health level of the system 
increased wave-like over time. Moreover, the obstacle and 
predominance of the system were apparent. The developmen-
tal significance of the system is that an ecological environ-
ment was constructed and human living conditions and levels 
were improved after we purposely introduced the following 
countermeasures: 1) we should strengthen the conversion 
of cropland to forest and grassland, enlarge their area and 
enhance system resilience; 2) we should guarantee the 
quantity of per capita basic farmland, increase investment 
(especially technology) and guarantee corn-security; 3) we 
should transform the primary products efficiently, develop 
industrial by-line and improve standard of living to realize 
steady development of the ecosystem health.
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