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The quantitative assessment of agro-ecosystem health on a regional dimension

wuU Lan-Fanga OUYAN Zhu, TANG Deng-Yin (Institute of Geographic Sciences and Natural Resources Research, CAS,
Beijing 100101, China). Acta Ecologica Sinica,2004,24(12) :2740~2748.

Abstract ; the Agro-ecosystem health at different spatial and temporal scales is closely related with human, society, economy
and environment. It is a new emerging field of agro-ecosystem research. Although many researchers did many studies from
different aspects, there is no consensus of its definition and no quantitative measure has been available for its assessment at
present. By reviewing literatures and special investigation, this paper defines the agro-ecosystem health on a regional dimension
of county level , shows the assessing indicator system and the measure of every indicator of them, also the calculation method of
aggregate index of agro-ecosystem health is proposed.

The Agro-ecosystem health could be considered as a collective concept. Briefly speaking, a healthy agro-ecosystem means
a good condition for sustainable development. Due to the characteristic of the nested hierarchy structure of agro-ecosystem, it
should be defined specially at different spatial dimension and temporal dimension. A healthy agro-ecosystem on a regional
dimension of county level can be understood as a harmonious unification of resource security, food safety and environmental
protection. The healthy agro-ecosystem should performance as following: it should have a rational structure and good
function, it should have the capability to resist to both natural disasters and socioeconomic risks, it should perform good
service and to meet the rational demands of all stakeholders. From practical point of view, a healthy agro-ecosystem should use
agricultural resources efficiently, capture better economic benefits, improve surrounding of both living and working, at the
same time no harmful pressure to adjacent ecosystem.

The indicator system for assessing the health of a regional agro-ecosystem of county level needs to integrate ecological
factors with socioeconomic aspects, because it is influenced by both the ecological process and the socioeconomic components

with human values. A general framework of the indicator system is set up according to some principles in the paper. The
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overall objective of the framework is to discover the status of a regional agro-ecosystem health. At first, it is categorized three
groups of indicator: the structure, the productive function and the stress-resistance of agro-ecosystem. The first group would
be used mainly to examine the condition of resources and components of agro-ecosystem, which includes resource availability,
accessibility, diversity and integrity. The second group would be used mainly to retlect how to match the aims of stakeholders,
which includes productivity, efficiency, effectiveness and equitability (equity). The third group would be used mainly to
investigate the relationship between agro-ecosystem development and environment, which includes self-productivity, stability,
resilience and capacity to respond. Then, the three groups are secondly disassembled to several sub-group indicators, which are
also analyzed continuously, step by step, till to measurable indicators.

In order to do quantitative assessment of agro-ecosystem health, it also needs to know the health criterion of every
indicator clearly. In this paper, the reference criterions of agro-ecosystem health indicators at regional dimension are suggested
by the approach of experts’ evaluation. The status of a regional agro-ecosystem was differentiated into three cases: unhealthy,
sub-healthy and healthy, and their corresponding indexes of indicators are 1, 5, and 10 respectively. Special explénation IS
that, as for stability indicators, there are only two cases, and it is healthy as long as grain yield and agricultural value per unit
land are not decreased, otherwise unhealthy. Whereafter, by using the Analytic Hierarchy Processing (AHP) to get the weight
coefficient of every indicator and every group, then calculate the aggregated health indexes of the regional agro-ecosystem by
means of weighting sum.

Yucheng county of Shangdong province in the North China Plain was taken as a case study. The result shown that the
agro-ecosystem of Yucheng County has been changed from unhealthy via sub-healthy to healthy during 1980~2000 in general,
the integrated health index of it raised from 4 to 6. The structural index turned into sub-healthy again when it has been evolved
the state of structural health from sub-healthy to healthy because of the transition to unhealthy of resources availability and
diversity. The index of productive function showed the transition of unhealthy via sub-healthy to healthy. The index of stress-
resistance behaved the transition trend from sub-healthy to healthy. In general, the assessment result of agro-ecosystem health
for Yucheng County is match to its actual development, which indicated that the indicators and measure might be used to assess

an agro-ecosystem health on regional dimension of county level.

Key words ;:agro-ecosystem; health; indicator system; assessment
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1 EHRUIESREBREINERERELEEAHRE
Table 1 The indicators and their criterion for assessing a regional agro-ecosystem health
_ AR - TEfE f R
R it ERE Un-health Sub-health Health
Group Indicator Measurement
. 1 5 10
2
BRAGE AFB (hm® <0. 08 0. 08~0. 15 >0.15
Resources availability Farmland per capita
2
57 2187 (hm®) <0. 10 0. 01~0. 30 >0. 30
Farmland per labor
W IF AT B AREBREE ) :
3 < 0~90 ==
SR L Resources accessibility Percent of irrigable farmland 7 ! 20
Agro-ecosystem B ot e g
Structure iﬁﬁké?%%ébﬁﬁ(A) <70 20~90 ~ 90
Percent of condition up to par
s H 00
GHERE FALL L () s s e
Structural diversity Percent of livestock value
2 ﬂ
ey SRR L E (00 <20 2030 =30
Percent of cash crop area
B oA 7 ) B 1R & = & (kg/ hm?)
< 00~7500 =7500
Farmland productivity Grain yield of farmland 4900 o 7 75_
2
BERAR AL 74 (RMB/hm?) <5000 5000~ 10000 10000
Agricultural value of farmland
k
S FERR }fﬂ,'ﬁﬁ*ﬁﬁ_( 8) <200 200~500 >500
Effectiveness of Grain per capita
T RETFAE .
Production production READ AN (RMB) <1000 1000~ 2500 >2500
Net income per villager
performance
EAEFEHEH )
<< 0~90 =90
Products of no social effects of pollution 70 70~9 ?
s =
EBHE T B R AR O/D <2.5 2.5~3.5 >3.5
Ecology efficiency Fossil auxiliary energy use efficiency
0 |
JERaRI %) . 0. 3 0.3~0.4 =0. 40
Solar energy use efficiency
2
A=) Iﬂﬁﬂj}ﬁﬁﬁA( >,<,106J/ hra®) =55000 55000~25000 <.25000
Self-dependence Input of fossil auxiliary energy
B T T 0 _
Stability Increase percent of grain yield
B B (96 _
Resistance Increase percent of agricultural value
to stress — BB R E B R ()
T Area of ensure stable yields despite 50 50~70 =70
Anti- disaster _ _
drought and excessive rain
i 0
5@%@&%%%) . =225 25~5 <5
Proportion of saline and alkaline area
R2 MERRE#EE
Table 2 Pairwise comparison values
‘ %E_ , i & Definition
Intensity of relative importance
1 ENICEFTFEANEFEMHEEBEEE Objectives ¢ and j are of equal importance
5 — A TEHRS 4P ERAYNEE A TCEPLTHMME T — Objective ¢ is weakly more important
than ;
5 — P TNEUBE I REEREE,FHPMLEPERME T —1ICE Objective / is strongly more important
than j
7 A TERR - AEEBRAEE, B S A B B3 E S M AL Objective 7 is very strongly more
important than j
g — PN TICR B — PRGN HE, fl— 5B 45T £ 57 Objective ¢ is absolutely more important than j
2,4,6,8 PIABSE IR R E . FER T H M AT E Intermediate values between

{8 %t Reciprocal

TR S5 EHME, WS / ki1 H B {5 Comparing objective / and objective j give a value aij,

comparing objetive j and objective i give a value 1/aj;
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Table 3 Weight and score of indicators for assessing agro-ecosystem health of Yucheng County
PEYT #5845 Assessing indicators 1980 1985 1990 1995 2000
Pt I8 A] AL (0. 637) A F 8 (0. 833)
- : . 5 5 5 5 5
Resources availability Farmland per capita
57 318 3 (0. 167)
0
Farmland per labor 10 : . L .
B ¥R A] Bt (0. 258) H 3 T AR EL ] (0. 750)
0
HHRFAE (0. 649) Resources accessibility =~ Percent of irrigable farmland > ° > > .
Agro-ecosystem ~ o
structure %Fﬁ*ﬁhi?"‘%iﬁfﬁﬁ:(o. 250) 10 10 10 10 10
Percent of condition up to par
2514 4 (0. 105) Fr 5 o5 ARl O (0. 833)
. _ . 1 1 5 5 1
Structural diversity Percent of livestock value
2 H (0.
2 BF 169 b Ab AR Y HL (0. 167) , o o ; 0
Percent of cash crop area
B b A4 7= 77 (0. 731) B R 2 7 & (0. 833) ) 1 5 5 5
Farmland productivity Grain yield of farmland
B 3 R lk 7= {H (0. 167)
0 0 0
Agricultural value of farmland : ° 1 1 :
H P RR (0. 188) A ¥ &5/ R A 0. 500)
?ﬁiﬁ&(o 279) Effectiveness of Grain per capita . ) ° ) °
roduction production
performance R ERAHELA (0. 500) 1 1 1 5 10
Net income per villager
A A5 % (0. 081) T olk %4 Bh 68 F1] A 3 . (0. 833)
. . : - .. 10 1 o o 1
Ecology efficiency Fossil auxiliary energy use efficiency
Y e A 2R (0. 167)
. 1 1 1 5 5
Solar energy use efficiency
B A 7™ 77 (0. 105) Tk #E By REBEA (1. 000)
. . 10 5 5 1 1
Self-dependence Input of fossil auxiliary energy
] 0. < 2 .
ﬁ%ﬁ( 637) RRE IR R 16?) . 10 10 10 10 10
Stability Increase percent of grain yield
HL R 4E (0. 072) :
. B (R A AR (O 833_)) 10 10 10 10 10
Resistance Increase percent of agricultural value
to stress H 0. 500)
K 47 (0. 258) B 95 O i T AR EG A C . | |
L Area of ensure stable yields despite drought 1 5 5 5 10
Anti-disaster . _
and excessive rain
y i 0. 500
b B, b, 76 B L 3] C ) . : . . 10

Proportion of saline and alkaline area

x FEES N HIEIFAE R The numbers within brackets are the weight coefficient of indicators

BERTTRIVESRERERBEEALRLINGESBESSHEEBORE N 1980 £ F 2000 F, XK BRIV ESRGERSHA B
RREET VEFRES, HRTAE R EERES I Eb B, 45 K4 BETRIESREREEY

Lo Rt 4 F RN 6, MR IEAE W 4 B IR S 1 4 R Table 4 Index of agro-ecosystem health of Yucheng County

| 545 Indicators 1980 19685 1990 1995 2000
AR B L0 AR R = %{ﬁﬂﬁﬁ‘” AR 25 W) 2 B 75 % Index of structure health 5 6 6 6 5
EHEEMABRRRSELHEGEFIERIA E A EFEA YF ¥ AT 4 Resources availability 6 6 6 4 4
B TEEBEH - NMERRESIE,. HPEEREZF AR %98 ] BUE Resources accessibility 6 6 6 6 10
B 708 B0 405 0 R AIE R I o AR 16 G B B g, RIS AL Structure diversity 1 3 6 5 3
. N - R b Th RE {2 B 45 21 Index of function health 2 2 5 6 6
mAEH AL ERANABRRE. Bk 4 7= 1 Farmland productivity 1 2 6 6 6
4 iTig - 4 e B Effectiveness of production 1 3 3 5 8
o R O ST R R MO BB T & LARUE Ecology eficieney R S N S
. - . P25 R B 36 3 Index of resistance to stress 8 8 8 8 9
A~ 3 ity N ! n
BB R R R R SR O W FIERIIR g e SO
B, AXNEHNHNIERER.BERETESHERL, TERNAK B EW Stability 10 10 10 10 10
WA R G AT R A R R B PSR RIR UK Aniidisaster 1 5 5 5 10

on
]
L]
L8 -1

LA R 15 3L Aggregate health index 4

R FINEE.RBARMES BTN S XK BT R REAZ
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