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Research and model application in ecological carrying capacity
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Abstract: Background, aim, and scope Ecological carrying capacity (ECC) is a research frontier in the domain of
ecology, geography and economics, which is of great significance for the coordinated and sustainable development
of local social economy. The concept of carrying capacity can be dated back to the 1920s, which is used to describe
the limitation of natural resources and environment and its influence in the development of human society. Since
1990s, with the continuous expansion of the application scope on carrying capacity, and the concept of ecological
carrying capacity has been derived. In this study, we aim to put forward the fields and directions of ecological
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carrying capacity that need to be strengthened in the future through comparing the models and methods and analyzing
existing problem. Materials and methods The conception of ecological carrying capacity, connotation, research
field, research institutions were analyzed, and various research methods, advantages and disadvantages of models
were also analyzed and compared on the basis of comparative analysis the different models. Last, the deficiencies
of current research of ecological carrying capacity and the research direction in the future were summarized.
Results Seen from the perspective methods, it mainly includes: (1) comprehensive evaluation indicator system;
(2) product cycle comprehensive evaluation method; (3) comprehensive evaluation method combining different
disciplines and methods. Discussion There is a lack of scientific and complete research system, a universal evaluation
index system has not been built and the evolution trend and simulation research are scarce. Conclusions The
research on ecological carrying capacity should be lucubrated as follows: (1) to strengthen the integration
research on ecological carrying capacity model. Ecological carrying capacity is very complex field, involving
resources, environment, ecology, society, economy and many other discipline, it is necessary to integrate the
mutual relations and influence mechanism among various elements, and conduct different model integration
and comprehensive research. (2) establish the comprehensive indicator system, including five major categories
of indicators: population, economy, resources, environment and ecology. Start from the active factor, passive
factor, dynamic factor and static factor, and build a comprehensive and relatively universal evaluation system;
(3) strengthen the dynamic simulation research, and realize the estimation of ecological carrying capacity potential
and the prediction of dynamic change process; (4) study the spatial and temporal variation characteristics and
spatial differentiation of ecological carrying capacity at different scales, and analyze the accuracy requirements of
each model at different scales and the reliability of the results. Recommendations and perspectives The studies
on research and model application in ecological carrying capacity have made a great progress and achievements.
However, there are still some shortages concerning scientific and complete research system, universal evaluation
index system, and the evolution trend and simulation research which have not been addressed and investigated
further. As mentioned above problems, we suggested research directions that we need to do in future works.

Key words: ecological carrying capacity; assessment methods; sustainable development; research progress
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A, 02012) o BEE AR Tl AR P kR
TEHERAE . R DA S IR TS G 5 B Y e e A —
YNSRI, AR — iR g kR AR A
RGN AL i KR AZHE )] . Park and Burgess
(1921) BHR$EH TR S, FHLARIER IR
IRBE BRI PR % A 2t 2 ) o 3G 4 o 7 1 o Y
M), X—MESRREL, HERA SRR . A
I T RIS A T R, RE
# Hadwen and Palmer ( 1922 ) #2589l B4 e it 42
OORET —al, ARETRET DR T 2
]2 ETE; Errington (1934) HfR#8 7 AR v
of BB A A R IE g 2 v, WI2E AR RE T A
BB R S YR Z MR s Odum (1953)
AR T 2BREE — A RFEM, REMNF T K
IS SCR AR DT e = A
DA AR, 20 42 60 AR LIS, PO
KRR E R 2 ) T AR A PR i i T R )
ERARERE I 5E TMATER, 456KET)
B AR, A EATER N T A & (environmental
capacity ) FIMERx. 1972 4F, BEARF|HEE (K
FIRRRIR ) B ot th - RN SR IR A Tk S AR &
GG, AFF i Em AN AR
(Meadowsd et al, 1972) . 1973 4, BA E AT
NG, B T AR B PAG FI AT Hp2 A Je 3
7& (United Nations Environment Program, 1973 ) ;
1985 4R A [ #RF e 414! (UNESCO ) it i
KL (FAO ) AR I 256 W FH T AW
JBY LA A T R AR E ) (resources carrying
capacity ) 1 # & (UNESCO and FAO, 1985) .
1987 4, HAMIE S ERZE N SHFEHM T (KA
LE AR ) A, % ARAE R AT R A SR
RS SCHFAT THRREL, $0 T AT RS R R T4E Kt
512 Jifi 5 W% ( World Commission on Environment and
Development, 1987) . 20 {22 90 44X L) %, 7K
T RE A RN N, IS R BTYO, Mseb) 1) 4 B
SR R B AR M SR 2, I
A — RS, AP HERZC) (Smaal et al,
1997) | HHARE) (KIZREESE, 2007) | ik
B (BREW, 1991) . HERET (RS,
2001) . BEEIREOREB) (R, 2001) A
DR S (ETEE, 2004) , AfTPRFATfrst ks
DR RE RS B, PP A R W e E
VIR P 2t (Bicknell et al, 19985 K%
AFPNFY, 20065 Yueetal, 2006) o

A S AR FEAE—E XSGR, VR FHY
FARGER . AESIREE DL A S5 SRR ] R
JEETHE T, AR - &0 -t aB G ES RS
o KPR BE b 25 44 1 N 2535 ik ( Bicknell et al,
1998; AL FIFMNS, 20065 Yue et al, 2006 ) ,
T SAESEE ., WRARS IR, [FE
AIRREL R RIENE . Hl, ARV )
FIUALD X6 AN ) ROBEAS ) ST 25 5 PR FR B A 2 40T
%« VN I AN AR AU 5T LR DA 45 R ) B
BB, Ik, MRE T M A SR B IIE S
MUK EREERE, KIS RGEMITE LES
RAETHENEZINZL (F1) , NdEs—A
PURITIR & R B A5 R AETIAFI LR G, JFHAE
Fhos o & ANH L BRI IR B AR 240
WARE] T RATIZ RN . A SRR MRS IR
Rl Sk ey oy | N3 2 A W N
1, e NSt FIA I A SR A AR ZE 5
1.2 EREFNIWAIE

HAEBREIIE IR Lok, T 2 b3k
PR AR A S iR 3 2 IR S PR G 2R
Fe B RIS R BEE I E EESR
SIS AU, IR, AR SRR (A AH
P TAEHBOR BT B 25 G R B TP, IR
HUG SRR IE ST R N AT AR R rh X R
T B A AR Ok A7 B2 AR (Seid]
etal, 1999) . HAl, AELZRESHZINHETE
ERRGEEMMIBEANZHR R, EER
GEXT AN TR R NG S Rz e 1 (3555
BLAFE, 2000) o AEBARBIIIFTERG . PN
MR EXTG 2 [0 R ELFEARBN (1%,
2001 ) o Horr, BEEARE SRR R, PREE AR
TIRAFRM, AT R SRERM (mZE2EH
S, 2012) o BEAh, AR HA B
R Zs (B R, AR AE SRR I HLTR R &
AN, ARSI AR RGN
7S 2250 (BB, 2001)
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s (3) MRS KB NA &R, A
[F) A ROBEXT A R8T e R EERIMAEAE R R
Grah R RN AR A AR ) 2 B 22 S
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1 REIEITER AR E
Tab.l Development of carrying capacity research
HRE 27 HHORERL G
Types of carrying capacity Related disciplines Implications

T AR R AEYF
Carrying capacity of biomes Ecology, biology
H i . N
LRI A W
Carrying capacity of
Ecology, geography
grassland
N N2 - b AS 2
LHRET Demo Ta h; lanii resfurces
Carrying capacity of land ErapLY,
management
KRR IKBERAE . A

Carrying capacity of water ~ Science of water resources,

resources Ecology
MERE ) A MR BRBE
Carrying capacity of Bl Ecology, biology,
environment environmental science
FIR KT TR B AR
Carrying capacity of Resource science, geography,
resources ecology
AR MR SRR
PRI R ) B
Carrying capacity of Ecology, geography,

environmental resources environmental science,

resource science

AR E P MR AR
Ecological carrying capacity Resource science, geography,
ecology

— BB NS RGN R 1Y AT 7R 200 (Smaal etal, 1997) o
The capacity of the ecosystem to the biomes within a certain range (Smaal et al,
1997).

REE L N7 AT OGR RO I (XIAREESE, 2007)
The grazing capacity of the grassland within a certain range (Liu et al, 2007).

—SEAME F IXEEUR AR = ) AR AT 7R ER AU (UNESCO and FAO,
1985; BRETH], 1991) .

The productivity of the land resources and capacity to populations within a certain
region (UNESCO and FAO, 1985; Chen, 1991).

—E 0 [ MK BRI TSRS B DO AR (RIS, 19995 Bk
AR, 2002; WSS, 2005) o

The capacity of the water resources to the populations and density of agricultural
productivity within a certain range (Fang et al, 1999; Yao et al, 2002; Yang et al,
2005).

IGEX TG Y AR JI LS NSETFGRIEE R S RE ) (A8, 2001) o
The capacity of the environment for pollution and intensity of human development
(Gao et al, 2001).

BEIR AR R BT X% 5 (B AN H B EEA L E AP RIUR R SR ) (it =
2001 ) ,

The ability of resources to support the basic survival and development of the
population in quantity and quality (Gao et al, 2001).

—E ML A A 28 R G IS5 DI RE BT LI R s R ER T A ik i S PR s e A
e CRid#, 2001) .

The service function of ecosystem and the capacity to maximum developmental
intensity and environmental pollution discharge in a certain region (Gao et al, 2001).

ARG A RLER . AIRITIRE S, B S EREE X AL 2 AT Bl B i S
REJI B PR B — AR T KPR N DB (£ 755, 2004) o

The self-sustainability and self-regulated ability of the ecosystem, the ability of
resources and environment to support scio-economic development, and the capacity
to populations (Wang et al, 2004).

2 EBAHNARTTIE

P AERRE S R, ERSMER T IFZ
BB, 5 THUE . 5 THAER A 2,
AR SO H Rl A 2SR 3 PP TR A A TR A 5
(1) FRIMERLEAIT
(3) 548K

RPN TT I T =2
ks (2) 7= iAW 2R G PPN IE
AR TR R 2R ST
2.1 ETEMEIRMERNESTNTT X
2.1.1

index system )

B 25T I P A S A AL R R b, A
Moz ) I AR AR U0, NS EREE 2 [ A 45 A
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ZEETENFEPRA R ( comprehensive evaluation

FIGWHEW L, Fit, Wd— Rk EEO
FEFR IR R MELL VA0 A AR B B oA ], HAR
BT CERERE, 2012) o ZIEMK R
e “gpr. Hhe . BRI 4 KRG LS
RURL “FE 3 — RS —m i ME Sk R e ml Ik
) (B RESE, 1999; RAUHBE 4R, 2002) .
AR bR R T, 18R R R N —
SO A BRAT Myt B X AN, AT RS
J& 5 CIRASTE BRI FE X sk 7E — 2 s ] B P S 4 K
RGN TEZBLLEDL; i FS brde A2k
it v DX b 2R 8 1 AT R4 A R R 1T R B ko
SRS MELE (JRERE, 2012) o ZTFM K 2R MEK
A RS R = Kr AT, W T
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132 MARFEZEN AR SE bR, P aRsh 28 RS
LA M B AR BRI ) g 42 AL 53 3T A

IZEFEPRAR R T 45 AR S R E T 5 SR AL
T AR R B s, R R AN )

A TR A v I 486 3 B e TR T HE A IR R, 15
B RS B e ) P o A G G i B v

1998 ) , (HIA AT BH Wtk EAETEbnik R it
TR, Frcfdhmm Rk, £S5t T/EF R
FEARTE I E R ALK, H AR BRSO A 7E TR
M, FOZIR PR AR FR i T8 AR O 32 AT B X R 5
M AR, R — L DX Il T AT AT BUA 4 BRI

AR EE A o

212 AEREBHEA (ecological footprint model )

AR SR AR B R I B R 22 3 Rees (1992)

P& Y — o 0 BE X IR AT R 2k R R IR A 1R
PRI AR Oy s, B N 28k 25 XF A Ml Y 3% 2
PO, Al 2 DX TR 45 2 b b DR
FEOY A, JIF 53 DX A W A 7 P Al R R
() 73 AT He A, A3 iz KN A S B4 /R
TG OL, AR A RMEE R BS S A UK 9 S it 4
Hft—EMmZS%, EXEBIIRMITENHFED
28 R N A ST I A SR X SOR

FEE TR LA BT KL EKZ
B9 BF 5% (5K &5 58 4%, 2003; Wackernagel et al,

2004; FKEASE, 2013) 3 MWHELS L LORE,

— Sl 2 MOAS [R] Ff B ek F R e T AT AR M
B, LT R R R AR S R R (5
WA, 2014) | AR EMERIEIE (JRHSE,

2015 ) DLK HAWABERY R85 N 45 (AT 32 FEE
M, 2015) 5 MRHSUERS , WhscE . AEH .

PRV S X A 5PN S T (IR AE,

2015; L4, 2015) o AR S R a0 A R (1 5 4
RPN 28, EFERA NS . ARSI

T H RSy ok R T S PR A Boge i A, H
BRI Ee 5Lah, Eia iR Z) 0, e S
WIRs, THA AT T, S5 R Sk, BIix
RIS B S AR FH T T 5545 Hl AT 5 22 2 e [ it
55 (Fengetal, 2008) . {H[EH, A2 2 ibidk:
R T HURBAR AT, PS5 R H s e X 5
PR, AN BEXT AR St AT B AT, 1t
Hh, XA AR PR - M AT AR ) A i A L
e HE RN E, TEemEES A

KEARMNNL | oW L RE T AN, 8
ik, AR AR ALEATI IR AR B AR,
R AW R SR 5E 3, S N RES R RN 5
TR o

2.1.3 IREZS[E (state space model )

AR S [A] S BRI L] 25 (8] T s i iR R 58
REW—FAROTE:, B FE R ERE A
RBL, WH RN RE AR R R =4 =
()b 2 A%, (B8 72 AE 5%, 2000 ) o X AP ik BLAE I8
BT IR 0 AR gE (F W4,
2004) o XA IEHEART IR RRRASAS [E
FITA BB UR . PG A A SRR B i 25 A R 3R ) 1
FEVIREER, XL S TR X BOR T 1=
() g, AR ot s T i T P R R AN TR R 1 E
AT A BAROLT, ANEIE SR Tz T,
FZ NN R N3 Mt 206 sh 2 17 X3
ARERRE S CJURERR, 2012) o X — R B, A
22 H AR KRR W5 3 XN s &
KRBT T AR, X104 (2018) FIHIZ
JREVEN T T B RG A X ER A RS T,
BE TR AR, B HAEE (2018) R AR
ZEEEIESE T 1L AR A8 4 Al & R R 0 DL RO 22 bk
Ttk TAEMHESN 1, feig4s A WX N2
Ve R MR TAE, REEEHaE (2012) FIFHZIT
PRI 2 W XA R AT T 242G, R
4 (2018) FIHIZ I E A EAN T ILAE B iR
TELraRE T, ML, Z A ETEARRNE
AN [R) DX AN ) €588 %) 10 1A 43 Tz o HT
BFRFEA AR ZAL, 2075 R IUAS [FRR S K 38
TIRe T AR PR I, e A S SRR ) H R 2
178 (] g T al I T 256 AR SR ) 28 (8] S 1S
&, WIS B BRI A R T RN
2.1.4 HLFFM5E: (balance of supply and demand

method )

HRIE T YRR AR (0] BUFE T — 2 I P — 2 X
B B8 PR IR EE 2R G0 %) 24 Mt 2 8 5 A R 1) i R
(EPR, 1999) o WEEAJEHORYF, T LU %
5L N 5 55 YR R SR B 2 R 1Y) 25 (B 3R I8 e L IX 1
HRERE SO, BT R AE 58 A AR 00 Fn 244k
1Y A SR IR AR TS, AR PR X AP 7 vl DL
BB TR R 2 K3, AERER
Mt S ARG, EBERIERIHE T H
HEBRRE T ELGATM s R, Mt Sgpk
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FEFRITTS AT H GDP ., [ - 98 di . T4k
K55 = S e it 5, HET, SR HALTE
Pt AT SR R I A SRS A S 5307k, 1
Bk Lk Z A8, HW L A RS bR R R
(IRLEE, FFTERCHR I FE, LA BRIy 4
HERY RS, ST R PREEGT TR H, H
XN PG O A o 2R, AR DRI AR
TGS A B A 06 i . RS A X A SRR T
FAIFEI

22 FRARSEIENE

22.1 BE(EPEIETJTEE (emergy theory method )

fefHHEIe 2R EE M ELSF¥ K H T. Odum 5
BHEBRG . U R E A ST B — R B 5T
ik, mEAMIE MRS L KIHEE (£5
H) SRFIEAR RGN RE R AIRCE, Hi
RGHRIRIZE | AN [R] E  AEAR R [R)— R ifE R RE
(B A 0T, NP AR R G Ve L)
A ( EEF, 1998) o BE{EHSHT LA —Fhfiga 2851
AN — K FHBB AR AR S R G PR R Y B A
Yo, it — R Y BEETE VAR SR G FEE
FRCR (A=A, 2001) o AE(ELFHISAGHE H ff ok
TSI AS[E L b RS [R)Z K RS ATRE
AT I IRE, TGP P A R e
VRGURAAT T T 2N . fEAERRE 4R, T
REHILS RIS ALK T 27 T AGE— W
A BT AR, R Wz (B
WERIAE, 19905 EFARFEZ, 1999; T 74,
2004) . MR, ZHEBUAEEASGHAL, FE
A3 (1) KEREEMEHREZAFE . A
) A SRR AL s, HAE AW & A
ks (2) BELER I RS AT R R (E, H
IR AEAN ]2 o] RUBE b B 78 ) EE 2 B AN ]
R BTN m g, i AR 2 R e n] ek vk
& EAEEE (Haberl et al, 2004) ; (3) Joik W
JITAEFE DRI 0 52 15 ] AR RN ] F A R
(4, 2005 )

222 A (life cycle method )

A an S N Tz, YT E
FET R B B A, ek
HGAR . &3, W8, eSSy a M, 7F
PRI BT AU, A= i R A PEA 8 6 4 e X3 AR
BRGNP FTRBERE ™ T s EEFE
JE AL PR P A SRR A TR (AR,
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2000) o {HARE AR, Ay AT SR
PEM TSR] 7T 32 Wi . Piccinno et al (2018)
P ZES T T TR L RS AT A5
PN BERL, BBk R H iy il 7 5 2 55 IR B K 38
Re g Ak, MEBEEMES R &, Al Tt
IRRGERA IR MG s DUMESE (2018 ) X =iy
JEL B3 % U P SR g ELR B FH R AT TSGR
T AR A S RO 7 1], AR TR
AR SR U B R L T 2%, O
BT I AN b, JF ARSI E R
WA RE e, 8 Oz R A 2R, 5
DAL T PR W0 BB, A i J S B 2 PE A
BRI ARTH, 7T S RGN
e VA . AR PP R A A RE ), fHL W] I
RIGEEAE ARAM . AR RRLGAEM—EANH K
ZEUE R T B2k R S A TPEAL R AL R
X R B —E MBI SR T R TAES RS
L5 BN RE T I IEA
23 FHEARERMAREF ENEEIEME
23.1  ASMERAES A JIPFE (net primary
productivity of natural vegetation, NPP )
AR AR v 5 — M AR 7 DA R SR AE AR
S OCHE AR, R AE R RGE ThRIEY T
. BEE A SE BN BT F B, NPP Jx
e T AERRGEARAE. W HTIYGE
REABRGEFRES BRI G687 W =T
Bt (Field et al, 1998) , 1%/ % 0y R H Jhy % U4
TE R R A AR SR B2 4t T B AR IR, 6T
NPP A 52 76 B b & A AR AR JJ5 52, Lieth et al
(1975) & S IT 4f X} NPP iy B B pE 4T 0P 58, )
U T A= & J5ok, Bakshi et al
(2000) Xf NPP #47 TIRAMSY, B AR
FRIRL, O ok B T E ERRIITAN BEE T AR
[ 2 WX NPP 4T 7R & o, 7 T2
SRR (PVESS, 20105 ERIMZEEHR},
2018; JKAR ARG K 4E, 2018) . HHEIXET NPP [
BOAYRT A3 RS BETSURGE S | BT A
NSRBI | T RE A FH SR AR R T A A Jek
B, BT MG TR AR A X B 50
S5 SRR A A R CAn L FRK
WO AE ) Z [R) N7 A B ] AR A, T A O
X IR AR A 7 T o X R R A R R IR S
B, WA B I WP R AR A= )
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PR, BRI R S, Iz ATE
AN TR) DXl 17 PH 258 Ay s, 25 Ay AR ) AR )
Miami %! | Chikugo ( #iJ5 ) #5%1  Thornthwaite
Memorial ( REERFAL SRR ) BIARISE (Leith and
Wittaker, 1975; Uchijima and Seino, 1985) ;
PR S AR R L S YO SRR . ALY
O3 OB SR TR PRI R RIS B, it AR
BT BRI ML E I R Gk, g KRE2%H
AR B3R AT SERY NPP AL BB AL, H Al 3= %L
£ 45 BEPS #7) | CENTURY #££7 ( Parton et al,
1993; Feng and Zhao, 2011 ) FIBIOME-BGC #x7
( Running and Hunt, 1993 ) %; YEREF| R
flfi% NPP J& I AE R BN IA TR, 2B AL DA
YA A RIS RE R FH 2 g SRRl 37 (R TP A RS TR
B LI A 2R A i 5 K A SR S A ) e =
W, Rem iAo, HA T R R 2
IR B9 = 0 (GPP) 566 AR Z
[B] 12 2 A Al R iF Y NPP A3, An 2518 Bt
AU H AT AE AU TT R NPP A TAEME S Z
—, F T B 1 22 YR K T AR R A I AR
AR BIR AT LUK KRB A 2R S R oA Jm Flack
AT, Hunz A e gz H,
CASA #5551 ( Potter et al, 1993 ) . EC-LUE ( Yuan
etal, 2007 ) #E% Hl VPM ( Xiao et al, 2004 ) #
ARG,
JUERZ## K T —Z 5 NPP A5,
s U AT () Ak B 5 2 R A A 7 ) M R AR A
R STHATIA, ABERWAE SIS L )
NP BTG SRS 5
232 RB8 1% 7% (system dynamics, SD)
ARG 12F R R BT 1956 4, L ERE
T 2B (MIT) Bz (J. W. Forrester ) #(
BEA, EEITRRGENBM RGP =L G
B, BT El rERE. SRR &SR
AR, PR B9 2R ) PN T 3R 2 i B A e
LR R 2 H B 0 s (B A, 2018) o
R G5 1 2R () B TR R B I T R, I
HZT R R R G4 AR AS 2 [ A R G R
AT R G0 B (=A%, 2018) o FEXT
HESHRBT AT IEAN I, T H RG89 1 RS
FAEA BRI 25 R AR s AT IO, SRS
AW A FE PR A B LR G AREI I E T, &5
15 ZIFH N A 7R 2R T T 5 2R S AR T
BRI 12 HH 3R 2 80 ) 2 v AT A 80K 3807 il 5

T BN A FR AR A T U R0, Fr LA 48 b A1 35
. FEPRE T B AR T R R, AR A
SR IR 2 B R, W& S EURASS SRR
G I RS 8 T2 Ul T e ke AR
IR ( EPE3E4E, 2014) .
233 “3SEAR” ZEHMMTITE
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