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Abstract ; Eco-security as a hot research area in Resource and Environment Science, not only assessments secure sate, but
also relates to potential danger factors. It is a function of secure state, potential danger, evolving trend, time, space and
object. Only integrating secure state with danger, secure trend can be judged accurately, and early warning can be
realized. A case study of Liaohe River has developed a method of eco-security warning in this paper. The method includes
4 steps: (DEstablishing eco-security state—danger evaluation indicator system. (2)Evaluating secure state index by fuzzy
membership degree. (3)Assessing potential danger index by accident analyzing method of Graham. (@) Calculating early
warning index by multi-objective decision-making rule. The results are consistent with autoptical work. The method is

verified that we can better know the status of warning.
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AR ST ARSI B i E E ARSI 5 P4 O X R A M 5
FHNHE O, RP HERESTRS, REKIT ZER " 55 K" M A RRP R EESZETFHN REY
BRPERAEY , BRESZLTEPREMT RMIRER, M BB AR M B e, B R L R
HYERIE 577k M A B, LR BRI E —ERMEREELHRKAE, CAETHREREEA
LR RN BB KR , B2 2 DU B R PR 20 R O BUE KR , B 2 A R e DK 2 A R
RO, T2 G A B PR A IR 2 , DR M T BAK P, TR R B € BRI ASCEERE SR
AU ERL B, A AR RN, ] RSN R B EOR S S Z MBI B Tk, € B RIE
SR EBWRIL, UL MER TR A B A AR R 2R AR R RRES, G R B0 Z B 1,
DUR R E R A S L2 MERTA — 2 E .
1 REFESREMELRLEN
1.1 AENRENANESK IR

Ze—iAR R —FRE, DAY SZI0 F AR EERE, B MRS RRIER MK
ABEFTE TR AT . WRLERf T, “ AN R 2" lRABEF N ERAFER, ReFHH
BIRKREVEMIME B E WA P, REPrilRrPRARA ShAHE , B Rl T AR 4k, 3 R — N E 2R
AEH AR, Hod R EURER B REAN PEASZ AL FSH R, AASHRE A REHEIERR
B, “ESTE” ISR EEMEPRE (Y SRR HAE Y Z BB HERES) Ze, NEFEHEXA
(Y SIRRSHMAEY ZHHHERXR) REH TR, BL2RE RARR EE B w25
URZETEHRE R, KEESELRASHERESARREHT ARBERMALKE shR _F LRI
PR A SRR BN RE S L2 R BB RSB E BRI T i, XBEAESZEREIFA
FE IR S-SR R (P-S-R) SR B g “ R /AL, MR A A2 A i3 S8 R A 1) A1 2 18] 22 38 2R 4L F Ik i By
B, ERESE2FRK— M, WRE=E . SBEUICTTN BE, “EX R CREASHRES
ARG, WX RNV ERE XK BFRBLE, FENERRT LS, USRI BRE B R
BRE, “RE"HRXEER T IR E R R RAN LRI, BB T A EEFNRIRERL 2P
BRARAEEE . BRKIEAE ST EREELAY R , B RS 5 — % s BRI AT,
NAFERRFE RIS R ERERITY . ZeMENMUERER2KRE, BEEEREBER, %
2PEEANETERBEER L, AR AR RESE S,
1.2 ARZEWERNR

Frig g & Rig =Y R RS 2 b H BB IEF IR 0L, Wk 2 W R S UK 18 0L , IR AR E 1R
plin, R EREEFABRLEREL K X RBR TERE , i Mg e FE—-2% A
GARKH AL AT PR, IR AT R B E S8 R AR 1217 T B8 tH LAY R R L, O PR wir 2t 47
HEIRP , SR B TS M AL B G SR ALK IR , RX AR R RS — R R R ERREE™, &
BEER—AHITEERLRE , ERZNMUERERA R BFRE L, £ SRR BENHEX. RAK
HRBMPEEBE G SHRIIIT, A ERIA T EF M A R E 2R RE RS0 W, LT L2 ER
REHHE . DUARERSREIE L KAERBH X ESARENRRAESLEN LB, BE2H
I P AR IR S . ARIE L IR T , SR 2B T LR _ERE RS R BNIES I, g
BORRTIR G R BB AR . RERETPNE R R2RERE, BB SRR RBIE L.

BORBIERE A S, S1 .52 8,53 .54 %S5 B A NETZ2REREE BEE FHFLE B

@ Research Strategy of Environmental Monitoring and Assessment Program. http ; //www. epa. gov
@ Integrating Economic and Ecological Models across Spatial Scales to Assess Aquatic Species Vulnerability to Timber Harvest and Land Use Change in
Freshwater Streams of the Southeastern U. S. http://www. epa. gov/reva
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AL AL RRBIEEON T,T1 .12 .13 9. T4 %15 For H 0B B EE /D BUM P BOR &
Ko ARAKZ2RFEAFRKREEN T, Z2WAR. HREGEZE, HRBE/M, RERN LW R R
B BN | R e; BRTVERL S, BB/, REN LM X R TR T2 KILEH#, Rk, 3R
DEEE, BARN, Z2EHN 1 % HRERRLE, REBU/N, REFA 0 T & KUK, NF 1 Fim, X
B AT ERTITN MRE TN EM ERBSE SR, R T ESZREAHEEE R W T 348
FARRPIRES, WL AR R 2 TERAHIWHKEE , AR BE T KRBT, EREKHBRBEARAE X,

£1 EFZLHITTLMEI
Table 1 Eco-security dynamic evaluation grade

R85 Danger grade
TH Ttem TLR(BA)  DREGN) DBROFE)  BREK) TS R (BK)
T1grade (min) Tgrade (less) T3grade (middle) 7T4grade (more) TSgrade (max)
S1 & (% 4) Slgrade (most secure) 14 % m% V& V&
82 K (e #4) S2grade (more secure) I% I3 V& V& VI%
S3 B (h &% 4) S3grade (middle secure) m% V& V& VI VI
S4 F (B A%EKL) Sdgrade (less secure) V& V& VI%& VI VI
S5 B (A %4) S5grade (least secure) V& VI VI VI X%

2 FEESREWMEERNESZ
2.1 RESRBHOBSRENE

RSB AR BB N ES LR B, £ B BEREEEON S =1 i, yRE2R
A8 =0 by, WRENARRE, RSB S0 ~1 PHENLHRS T ARKRERE, B Se [0~1],
RIS T =1 ROV BRABRBIEE T =0 MOy B/ MR BRI EL, BRBIEE T 7 0 ~ 1 R LHBERR T &
R RIE R IR BEORER BT (R R AN ) , B 848 BEOR BN BSF . IR E d FoR
BRI RRERSE Y d =1 i, FZax BAAREE, Y d =0 NRREREAHE, B 0<sd<],RifK
ey B et P A , 12 B3R D7 TR T AR A [R) B b eRBSCRI s R TR AR AL &R, A0 1 I 2 o

d d

1

1

0 IRAFIELS (x) Fe IR %L TO)

State index Danger index

B2 FA—4S5ReRETREEFRTEHHEL

Fig.2 The trend change of danger index under the same eco-security

Bl FA—4£S5ReRETREBFRTEENEL

Fig. 1 The trend and change of state index under the same eco-
state
security state

TE& BARHEAHT R IR B M B A R R 0 T — & BAn R, Y4 & — 48, i
BN do RETZ2TN T IRTEETRE « BA S(») i, RBEEIREy RE T (y)
&, %y [ —B Yk - BREANRYOER, WARKM f(x,y,2) =0, WA BT LUBEFREHBH#L S(2)
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R BIEE T(y) I A DI FE—B M - AR A A, XHME B RE T RSB RBERWRE
R, BRIERSRESFE RIS
ST(z) = <8(x) - T(y) >
ARFM f(x,y,2) =0
xeS,yeT,ze ST
AP, < >ERFEWBELR,S,T,ST 2R BHE «, v, 2 RFRE
el 1 ME 2,00, WA XA
ST(z) sn;f:lyxrrslj;l{s(x) , T(y) }

ARFKM f(x,y,2) =0
xeS,yeT,ze ST
Yx=y=z@,H ST(z) :IEITI'I{S(Z) ,I(z)} zeST
Sy VAR i o
[FIfE, B A 4R E ™%, T ARE AR, HAXRFRA:
ST(z) =rgj;1{5(x) xT(y) }

AREM f(%,y,2) =0
xeS,yeT,ze ST

XEMT 2 B AR REN P — B TIEEN] . 4R, QR FT R B RS R RO R R e i R A i
HIYIE, s AmBUERR AR
2.2 ARZERTHEENE

HERZERTITIERIR L , B TEER— MM IS, B R 25 A ZL2Z RIFE AR B AR, T H
REFH HIMER G — , B A SCEBNIR R B A E A A S Z 2R TEHr B R,
2.3 ARZERBEENE

RAREHITREREFHRE AR TEME T ENA . W EIEBE (Grahan) 2 H XEK FEH
(K. J. Graham) f14:JB (G. F. Kinney) $2 1™, B i % A= B 9 T BB L W1 Al R BB R F IO ME Rk 3=
N, ATRERAERFR 0, MR RAEREMN 1, FEERHBLHRENATE, X BHMERFRRRER
WREt, ZRERE—HFE, HBRME, 2B0E RN 1, KRB E & A TR/ 7T R A HAR R AE %
B, KT 1 WERRBUEN 1, ST ABRTERFE T E S, 2KZER R R AN R, Gk MER
N, BREBBRESZER, REMEHS, ERHEIMER K. HEES N REBKRIFFE DB N 10,
EUH B — RS LA EDY 1, X AR ML E, BREMEEFHEREER C 2w,
X 3 MERMERIFR D =L x E x C RPN B E R KGR, D B8R, B8 Ak % 5 38 B SE R i
N
3 EBIsH
3.1 IMRBASEZERS—RBSSIIMER

HERZETM I —NEE TR R EXEMASZEMNMHRE R T LARE. 22, MER Wb R %
HFHMHEFKEEFZERE LR, BREEENESZ2NE MR SR MAE T, XRFEE T
— R R A REIEM IR AR, TR MR TR R IBAESZ2EmERMEERE, X
BASEEAMUETAENTHEMRE L, FS5Z2RBAFMHEX, ERLR2ITMERAMUERBUESRR
KA T RANRZERIEL AT ER L L EIR DX N MR BOR, R E R F RAZ BB
BERZTW, R ESELERERTEN G BLAR TN, FrE L Mk RO RZAR B XN, WREE
MAERREREHE A TN ER, T KSR BEHT B XU BIT A REIAT AT AR
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AFERFENL.
3.1.1 #TF P-S-R AEBLZLRBITNIERER

EARRERERESREEEN RSN ERELNE 2R B, ERZ2REEH B =R B
T RIBA ST RRAERRENZ2RENFEN R, TR RESHR RS, TP E 4R L EsR
REHRESHRRGHFERTFHER, AR REENERERERIBLUEN P-S-R EZREN K, BER
itk FEAR R A IR (VT btk ST SE I, 5 R BIRORMRE BT RB 1, 7 2R B AMERTEAN R
R AR AR EP ) NE RS KRS KRS A YRS FOREEER, MO SFKEMZ
TR BEESMAESZIER, AASC AL N AR ) SIS HEMS T na R 2384, S M E XIS SR 2 RET
WrigtRik R (F2) P,

£2 RGESRERBTMIERER
Table 2 Regional eco-security state assessment indicator system
IRASHEAR State indicator

EEA KW B X=C A D
AEPHBER(666. Tn) Al TEHEBI S0, HHRE (mg/m) C1 B RRT R 5 ELWR(% )D1
A D (A k) A2 AT KRR () B2 AR 2
TR (% ) A3 KU R (% ) B3
R (ke) Ad KPEURA A% (% ) B4
KL TR (%)A5  PRBH(10° m/kn? ) BS
FHE TR H](% ) B6
ARG R AR (/b ) BT
COD HEHc i (V/a) B8
TS 1 51 B9
H775 A 0 ) BLO
JE F1354% State indicator Wi S5 4R State indicator
AOE EHATF EFRRRES G A& H
A OB (%) E1 A3 GDP(RMB yuan) F1 GDP S HRK % (% ) G1 HRAEHI 5 CDP HI(% ) HI
Sl AT (% ) P2 S PR BY(% ) G2 R S B H % V2
FEEE(10° RMB yoan/ ke YE3 35—l A B( % ) G3 A YATEIE S CDP H(% )H
T 7 Toll A B () G TAL BRI (% ) He
R ERRR AR () G5 SRR RS GDP ELfi(% ) H
Al H 73828 Clowhy/ b ) G6 oA
?Bfoﬁgffffui) SR At A7 B (k) HT
AR5 71 (kowh) HB
S LA (% ) HO

A: Land; B. Water resource; C: Atmosphere; D Biology; E: Population; F; Economic status; G: Economic development pressure; H: Society
response; Al: Area of cultivated land per person; A2: Density of population; A3: Forest-coverage rate; A4: Grain yield (666. 7m? ) ; AS: Proportion of
water and soil loss and sandy to land areas;B1: Arid index; B2, Utilizable water resources per person;B3: Water resources development intensity; B4 .
Percentage of water usage ; BS ; Water yield modulus; B6 ; Proportion of effective irrigated areas; B7: Consumption of chemical fertilizers; B8 ; Volume of COD
discharged ; B9 ; River water quality contamination grade ;B10: Population proportion of Endemic;C1: SO,emission intensity ; C2 ; Air contamination index;
D1 Percentage of natural reserves to land area; E1: Population increase rate; F1. Per capita GDP; F2. Proportion of unemployed persons; F3. Gross
domestic product density;G1; Ratio of value added by primary industry; G2 Ratio of value added by secondary industry; G3: Ratio of value added by
tertiary industry ; G4 ; Water usage of industrial output value of 10 000 RMB Yuan; G5; Water usage of agricultural unit of area; G6; Electricity consumed in
rural area;G7; Energy consumption per 10 000 yuan;H1 ; Investment in capital construction as percentage of GDP; H2 ; Educational expenses as percentage
in financial expenditures ; H3 ; Investment in environment pollution treatment ; H4 ; Percentage of industrial waste water up to the standards for discharge; HS .
Proportion of urban and rural savings deposits to GDP; H6; Total wages of staff and workers employed in Urban and Rural ;H7; Per capita grain yield; H8 .
Total power of agricultural machinery; H9 . Percentage of school-age children enrolled
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3.1.2 AXRZ2BEITNERER

XIBAREENMANER N EHERNGA RE, HEZNWEE FE, 8B ERESREMHESTR
G AT TRESS, ARAESZ 2R ERARE BRRBE, R BUKE, A ARG RMERR, 0
HEENE BARRABRE, WARKES, NAEZLRRER, WK RE STEAS; A RARE, K
SR OKEYE, NERBRRBE, KRR RS, RERBRAREEERNE = ERANZ2RE
EmIHFRAE AR EN, PRRKIBASZERERNKRHAINE BN, BREBERBERZMMHEXR, 0%
RS (AN B R 22 5%, XHIDIT R AR 2000 4F 5 H 13 H ISR IR IREEN 7 5 DRG] IR
R4r , RE AW K L RARFEER , 458 B A5 AR E BRI, MRS B KB A B A L
AEESEREREN R, FET 2R HEMNESZLRBITEMIEFRA(FEN  Hh R EHEER
HEBRIRARYE 1949 ~2004 4F 55a [6] X IR 7 B2 RS

£3 ITARBESEZLREETMGFRER
Table 3 Ecol-security potential danger assessment indicator system of Liaohe River watershed
F_ KB Z Five sphere [558 H 74545 Danger factor indicator

TRBH" KRB  ERRK " BWEHR ", FREEK ", KIEHMK ", KRS E ", HYR

B B WK SRR B A R T, SRR

RABEBRIAT Arid index , Drought f Heavy drought f Light waterlog f Middle waterlog f

Atmosphere danger factor index ,Drought frequency, Heavy drought frequency, Light waterlog frequency, Middle waterlog frequency,
Heavy waterlog frequency, Windstorm frequency, Sandy frequency, Sandstorm frequency, Frost frequency, Hail

frequency, Cold wave frequency, Snow frequency

XERBERET RYLAHIR ® , EAYEAIR * , R ARBLAIIR " , s im L)
Hydrosphere danger factor Flood frequency, Heavy flood frequency, Fatal flood frequency, Endemic proportion.
s HRAE " M TIRERE” , BRI PRE” , AR L
HOEBERT E o ; . .
arthquake intensity, Ground subsidence frequency, Debris flows frequency, Landslide frequency, Frozen

Geosphere danger factor

earth depth

AR X0, 3 20a RAE B BLBHES, EHUBLEE  RORREK ", RIVEER ", FHRHR
£y EBEET E2 1t/ Qi 8/
Ecosphere danger factor Percentage of natural reserves to land area, Forest decrease index in recent 20 years, Grass land degradation

degree, Plant diseases and insect pests frequency, Forest fire frequency

KB IRA R, K L R TG , # T K SRS, Tl SO, SH R, Mok PH {8, COD, AR fE %, BOD;
RBIREY NH,-N BRI 4

Water resource surplus and deficiency, Water and soil loss area proportion, Groundwater exploitation modulus,
Volume of SO, contamination degree, Precipitation PH, Times of COD, higher than standard grade, Times of

BODj higher than standard grade, Times of NH;-N Z{ higher than standard grade, Environmental event
= HEKMERBEE The danger unexpectedly

ARESRBBET

Human activity danger factor

3.2 ARREWEITH

HRE—REBE O, AT REE R ERRERBIRB AR RETER B FE 4 IR,
4 i

X ARZETERREERZ T IR , 38 B 800 & SR vk, 3F UL I 48 4 4 Ui BA 2
LHR, AAESEETME RGNS EE T HRKIE. B80T

() AEASRERBENHEM bR T 2R BERNEN , RIE 2L BArDR RN, 38 H RS- RS
ARTERE, R TAR KRS REERZSRE, WEMAERZRLRETENAT L LR B NG REEFETW
B RN

(2) BBASRETER B TUAETEFEL ., B3R 3, REEEMBEREE RS H 5 &, HETF
P& HHR 9 K ,3X 9 NENAR] T RESRBZRIMA SRR, 17 B0 PI3E, 77 LMBUH T8 ™ R 8
FETRHFEL

) BFEAFRLEHNFHELF EA RN TER ), TUREREBRE, EVTE RS, FHEHELSHD
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BRI RIRE A TIN £ RS ELE, Mk S, BRI GIS i Vertical Mapper 2 fF IETERIE AR L2
BB EARFENT, YE BRMEERZETE RS 5 =B 20, O By i 702 5 2 4t F) 24 T 1E 5 59
ﬁijﬁ%[lg'ﬂ] .

F4 TARBESRETMEERHE

Table 4 Eco-security early warning index computation of Liaohe River watershed

X ERRLRBHEH ERRLBBIEH ERRLTERE
Region Eco-security state index Eco-security danger index Eco-security early warning index
PUSET Siping City 0.3374 0.0688 0.0234
JILIR T LiaoyuanCity 0.5334 0.0598 0.0319

P FH T ShenyangCity 0.2320 0.0847 0.0191
SRIR T TielingCity 0.3266 0.1227 0.0397
M AT FushunCity 0.3492 0.0711 0. 0246
Z¥E T BenxiCity 0.5776 0.0684 0.0394
JLFH T LiaoyangCity 0.4314 0.0825 0.0356
BT AnshanCity 0.4872 0.0867 0. 0420

B O YingkouCity 0.2135 0.0715 0.0153
#4577 PanjinCity 0.3747 0.0677 0.0256

4 M 77 JinzhouCity 0.3249 0.1289 0. 0420
BH T FuxinCity 0.5476 0.1208 0. 0661
BAFHTH ChaoyangCity 0.8268 0.0786 0. 0650
SEIL T TongliaoCity 0.3528 0.1124 0.0398
IR T ChifengCity 0.3363 0.1199 0.0401

(4) CEBBULFIRIL 15 MRMTHAT T AERZ2FEFG, AN SR 5L E ER LA, H 5K
HINRL AT E KRR S REAR B, X M IT R 5 3 BA — E IR FE B A AU B 32
BESHREHEIE B,

(5) MR AERE2E UM ERBERE, S5, PSR R BB L EHZR W EE , N BT
CUKARE) B B IR ROE % AN 81 45 FI
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