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Assessment indicators system of forest ecosystem health based on the disturbance

in Wangqing forestry
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1 Key Laboratory of Forest Protection of State Forestry Administration , Research Institute of Forest Ecology , Environment and Protection , Chinese Academy of
Forestry, Beijing 100091, China
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Abstract; Currently, the study of forest ecosystem health, a new and controversial research field within forestry and forest
ecology, provides a scientific basis for forest protection. The study of forest ecosystem health also provides a significant
practical service by suggesting ways to increase the level of sustainability in forest management although the definition of
forest health remains controversial. The concept of health is well understood as applied to humans but the human concept of
health may not be appropriate for ecosystems. The difficulties of defining the optimal conditions for ecosystem health have
led to a lack of universally accepted indicators used to measure ecosystem health. Several forest ecosystem health assessment
systems have already been developed. For example, ecosystem health can be assessed using measures of resilience, vigor
and organization and most of today’s assessment systems are based on these concepts. In this research, the forest ecosystem

health of 60 sample plots in Wangqing Forest was investigated. A new assessment model of forest ecosystem health based on
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the disturbance, H = Z B,W, - z B, W,, is proposed and used in this study, where H represents a measure of ecosystem

health and B,, B,, W, and W, represent harmful sources of disturbance, forest ecosystem stability, the weights of B, and
B, , respectively. Based on qualitative analysis of existing data, eight indices which were divided into two categories were
selected as assessment indices of forest ecosystem health in Wangqing Forest. Several harmful sources of disturbance were
considered including forest diseases, forest pest species, wildfires and human-caused disturbances. Measurements of forest
ecosystem stability include measurements of biological diversity, forest community structure and measurements documenting
how closely a forest study plot resembles expected natural forest conditions. These types of data have frequently been used to
measure ecosystem complexity and health. Additionally, two types of analysis, the Analytic Hierarchy Process and
coefficient of variation analysis, were used in combination with weighted evaluation indictors to objectively evaluate the
forest health of the study plots. We propose a new forest ecosystem healthy assessment model and classification system. The
60 sample plots of Wangqing Forest were divided into four health risk categories: very healthy, healthy, fairly healthy and
unhealthy. By calculating a composite value for forest health, the status of forest ecosystem health of individual Wangqing
Forest plots was determined. As the results showed, 6, 13, 23 and 18 (or 10% , 21.67% , 38.33% , and 30% of all
plots) plots were categorized as very healthy, healthy, fairly healthy, and unhealthy, respectively; the health indices for
these four groups of plots were measured as 0.5 = 0.2,0.2 =0.1,0 = 0.1, -0.5< 0, respectively. Most of the forest
plots with conditions resembling natural forest conditions, high levels of biodiversity and a strong ability to adjust to
environmental change, such as pure natural forest, natural mixed needleleaf/broadleaf forest and mixed broadleaf forest,
were categorized as healthy or fairly-healthy, while nearly all plantation forests plots which did not have conditions
resembling natural forest conditions, but had low levels of biodiversity and a weak ability to adjust to environmental change
were classified as unhealthy. This forest health assessment/indicator system establishes a scientific basis for conducting
forest health analysis, provides a context for planning ecosystem restoration, and contributes to the understanding of the
physical, biological, and human dimensions of these ecosystems. This research may enrich current theories and methods

used in assessing the health of ecological systems.

Key Words; Wangqing foresiry; ecosystem health assessment; disturbance; assessment indicator; assessment method
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D, = BRTHREL / A B
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Table 1 Forest ecosystem health indicator system based on disturbance of WangQing forestry
Hisjz A ZR)E B W s C S3IEETR D
Target layer A Restraint layer B Asessment indicator C Individual index D
TS RS A BT B, FHRE C, FRHED,
Forest ecosystem healthy A W% D,
BHAE C, A BB D,
fEHRIE D,
BRI C, T AR T 2 SRS Ds
HEAMY EE Dy
HAMY R D,
AR 2 B BE Dy
KIEETIEE D,
ANHRTHEC,
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AR Cy
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Table 2 Classification of forest pests damage degree

Hg ARl f&E R Damage degree
Pest type 1% Light H Miderate  Heavy

PR CEF A ) 78 i

Leaf pests of pine trees( conifer trees)

B BRS HU3 Pests in trunk or branches
i+ 1 Insect borers

WS (R AR ) o e 3

Leaf pests of poplar trees( broadleaf trees)

R E R 10% —20%

BEZR 10% —20%
BeEME 1% —5%

4 E R 109% —30%

EF B E R 21% —50%

B E R 219% —40%
BEME 6% —15%

- 2R 319% —60%

g E#R 519% LA L

WER419% DI
BeEME16% L) I

R EH 619% LU L
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Table 3 Fire source control grade and valuation

m]iiiation KRS 1B Fire source control grade
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Table 4 Classification of combustibility of major trees inChina!”]

4135 Grade EEF () Main tree species L9 Class MR AE Scores
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T #.ZE Could to be burning I{:tl‘ﬂ(L'fx‘*;(Pl‘°a);§ ME( Betulla spp. ) M ( Populus spp. ) Ml ( Salix spp. ) . oy 5
e ( Tilia spp. ) .
551%2% Easy to be burning FA (Pinus) KA ( Cupressus funebris) 3% K5 ( Quercus spp. ) TR JEA =4 3

ARG AL AT TSR, AN Rl 46 B A 28 B A L9 A — o etk 17 AR AR B9 i I B8 B A T

AR AE TR T T 10 F8 AR , (EBOR UL R K B SR Z0b g | B A= 25 R GUBOME e . AR 2500
Cy =wsDs + wDg + w,D; + wgDy + wyD,

A w0y wg w, wg wy AR Dy Dy D, Dy Dy HIFLTE

(H NhTHk

PN T2 AR 2 AN T TCEE R, W, 22 RIS 8 T3 53 Gobr i, A 5%
XA FIREBE P R AR BE SRAKSE ARSI AR B RN GEARFIREA JZ 45K ARARGSH 558 A LA TRl 73 (3%
5) iR BH A — T E IR 5 R OO AE
2.2.2.2 HhAE5FERR

(1) PrFh 2Rtk

Yo Z2 BEVESR B B 1 RETR BT 22 1 23 8] A AR AR AR ) 20 A, BEVE PR AR AN ZE (TR TR

http ; //www. ecologica. cn



12 4

RAE ST T MR AR A S RGP 3727

FIRAR) B2 AR 22 B, RVEDS I & i B K, AR SCR A Simpson $8 5070 1A AKX Fx
A FERFEARZHAE, Simpson FEEA N

Cs =1~ z(Pi)z

P =N/N R G BAARE L BTA R A t[i;E,N JEREHB Y S RE, N, JRER RN AR, S
o TAERETT IR, 0 it BT ARJZ GEARJZ AR Z I ZHAEIR AL, 0 SRR B A 0

Cs =w,,Dyy + w0, Dy, +w,D,

KA w0y, swy, 7350 Dy Dy Dy, FIAUE YR Z R IR T IE RS bR, EBOC UL 2R A 2 R G

x5 ARAAATHEENS RIREFRE

Table 5 Human-caused disturbances grade and valuation

T4 Disturbance grade

WAAA Scores FEAFFIE Basic characteristics

A4 Without disturbance

BTt With light disturbance

T

With miderate disturbance

HEI

With heavy disturbance
T

With serious disturbance

0
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Table 6 Nature closeness grade and valuation

2220 Grade MAE Scores FRARBEV% 2 8, Forest community composition
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Table 7 Grade division of Wangqing forest health

{#FRAF ] Healthy grade flJ5t Very healthy {3 Healthy AV AgE R Fairly healthy MR Unhealthy
25451 Comprehensive score [0.5,0.2] (0.2,0.1] (0.1,0] (0,-0.5]
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3 HBRE5SM
3.1 R
iz HYZ U G312 VAR S 2R BOE TS AR DX AR AE 28 R G PPN FE AR A R AT I . AR BFI0IN Y
WJZEA T I 45 18 b5 95 T ARG R A4 S SOMIR], PR 2 0.5, Jlad 32 % WUBAS X € JZ Y 8
APEOHEARAN D SR 12 D IHEAR AR EE TN (R 8) .
®8 ETTHHHRNRESRGEFITINBERNRENER

Table 8 Final weight of forest ecosystem health assessment indicators based on disturbances

HARZ A ARIZ B PR C rUitERR D

Target layer A Restraint layer B Asessment indicator C Individual index D HLE Scores
MES ARG d R A HEFHB, 0.5 FRMEE €, 0.3315 EIRFE D, 0.621
Forest ecosystem healthy A WiE %L D, 0.379
AME C, 0.3518 A kA D, 0.720
faERE D, 0.280
FRMRAR: C; 0.1261 Te AW Fh G R E D D 0.303
TEARTEY T Dy 0.164
LAY W EE D, 0.132
Mk P&t J2 B Dy 0.167
KRR TIBE D, 0.235
NAFHEC, 0.1907
Htifebr B, 0.5 YR Z A C5 0. 1699 TRARZHENE Dy 0.599
HEARZHMED, 0.243
FARZHEAE D, 0.158

BE ISR Cg 0.1520
MATTHRIRGL C; 0.3099
I HSRIE Cg  0.3683

3.2 R[EIARGTFE A FEPTAN 2551 16
Fh 45 P A BN T80, TEEARIX 60 Bebfsln 1| J oo B

AT FCIRAS B RE LA 6 B (6.7 .11 36 43 58) , /4 10|

SAEHLE) 10% , fEFRAEECII KT 0.2 40 THEFERAS
BUARA> 13 B (1.2.8.12.13 14 .37 .38 .39 .41 .46 .59 .
60) , i B FEHECH) 21. 67% , LR HA 0.1-0.2 2 HOHEC AR TP AR FHIAREH TR Ak
[i4] 5 4b T Ak AR AS B bR 43 23 B (3 .4.5.9.10,15 .28, B4y HI Forest type
31.32.33.34 .35 .40 42 44 45 47 48 51 .53 .55.56. 1 S T 4 R AR
57) i SRR 38. 33% ’@% TR 0-0. 1 Z[1] 3 Fig.1 Health situation of four different types in Wangqing
A FAERER AR 18 B (16,17,18.,19,20.,21,22 .23 forest sample plofs
24 25 .26 .27 .29 .30 .49 50 .52 .54, 5 kR Hh B Y
30% , fEREFEECNT 0,

ML T AT E T AN RARAR B REE SR R YR S AR AR AR 53 B o %) LB 38 e v, 4302 6 3
8 ML 8 B ; HURSRARERA Y, 730 0 6 B 4 HUFN 3 Y ML bk o430 o0 3 B 2 Hern 1 B, X UiA7E RIRPR
o, oIS R A SR 2 A RRTR AR | RE TR AR, R 22 b 1 I it B AR e e IR 00, MR o0 B 3001 B 3R 79
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(4) FET TR BMA S RGAE RN AR RA —EMRRIE, OB TEA R 3, 200 ARk A 25 R St fa
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