%530 B 41 K RS Vol.30, No.4
20234 8 A Research of Soil and Water Conservation Aug., 2023

DOI:10.13869/j.cnki.rswe.2023.04.026.

R MRS, SRR T W TR LD X S N 26 Sl R e RO I s AR TS L) K R AR R SE . 2023, 30(4) :384-393.

HE Xiang, LIN Jiahui, ZHANG Xinyu. Study on Temporal and Spatial Evolution of Urban and Rural Human Activity Intensity and Its Effect in
Karst Mountainous Area [J]. Research of Soil and Water Conservation,2023,30(4) :384-393.

BHHF LR S AN RERE R MMM S EEW
B, A KHE

(LAEMMZK¥ FHAES TR¥EE, S 5500255 2.5 ME KBRS0 E A8, FHH 550025)
# EHMIRERWES o AEIG SR, DL AIRES £ B XN ZEIG B A9 2 BR800 A A RN A I as AR L g 4
I S PP & NG s ALl RS SO S S8 3 KRGt — E BIe LE MR g 51 . [y ki ad 4 3
B & R b X 20 s B 5 500 N JSTE 30 5 BT 1 1 e A 20 sl R0 Ny S AR R vk, i BN A A M T R & A28 B
% %

wu

iR K B R AT T WESE . (45 2R 120102018 48, St M4 45 3 17 & A% A 2630 2l B2 55 (IR 7.57 %6 ~28.5700)
ST ST Bl 5 B R (N 22,7200 ~124.83%0) WA A BTG BB BE R T & A RTG530 BE . 45 30717 £ R AN 283 3)
S JEE Ao A1 5 e e B L R 2 AR AL (H 2 50 T i s BB (1,02~ 1.62 %), Ll IX - b R GURZ 8w £ A AR TR
SR RE A 25 Hb T3NSV S0 B B (B 2 B AR A, 2018 AR BTN 2KV 2l R R R O e i BB (A (0.940~0.997
(PRSI UN: IS WS- i N IS R S VRS DN SR EZl 3 SVAC B X R N NS TR 2 RO VR E b B 1S
Tl CHERI IR A 8.60 96 ~13.53%0) » B S AT A 281 211 A= 2538007 L 3 B A 38008 3 28 3% A 0 B 18 38 (2,24 ~14.84 %),
L4538 DS SHN A 2 I ST Sl B2 52 0ol 55 728 1 I BN 6 00 8 T B {4 S 1 2 4, (B b 3t R 8 7R 2 N 260 3
5% JEE S R BAL S R AR BN ST B 2 B A5 AR A O W KR AL L RO IR AR ZE IR AR FTIRER S & R 2R 3R

FEM B IR R,
K WL NGB KRV s IR X s St
FESES X2 X ERARIRED A X EHS:1005-3409(2023)04-0384-10

Study on Temporal and Spatial Evolution of Urban and Rural Human Activity

Intensity and Its Effect in Karst Mountainous Area

HE Xiang'?, LIN Jiahui', ZHANG Xinyu'
(1.College of Management Science and Engineering s Guizhou University of Finance and Economics s

Guiyang 550025, China; 2.Guizhou Key Laboratory of Big Data Statistical Analysis, Guiyang 550025, China)

Abstract:[ Objective] The aim of this study is to explore the intensity of human activities in urban and rural
areas, as well as the temporal and spatial evolution of economic and ecological effects of human activities in
urban and rural areas in order to provide certain theoretical support and decision-making guidance for compre-
hensive and quantitative evaluation of human activity mechanism. ecological civilization construction and
socio-economic development in urban and rural areas. [ Methods | The intensity and threshold evolution of
human activity in urban and rural areas of Guizhou Province were studied by building models of human activity
intensity index, human activity intensity threshold and human activity effect in urban and rural areas.
[Results ] From 2010 to 2018, the intensity of human activities in rural areas of all cities in Guizhou Province
decreased (7.57%~28.57%), and the intensity of human activities in urban areas increased (22.72% ~124.83%).

The intensity of human activities in urban areas was greater than that in rural areas. The minimum and maxi-
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mum thresholds for rural human activity intensity in all cities have generally decreased, but most cities
exceed the maximum threshold (1.02~1.62 times). The land system in mountainous areas bore the impact of
higher human activity intensity in rural areas. The threshold of urban human activity intensity in all cities and
cities had increased. In 2018, the intensity of urban human activity had approached the highest threshold
(0.940~0.997 times) , and the urban human-land system was under great pressure. The economic effects of
human activities in unit towns and the ecological effects of human activities in unit rural areas in all regions
show an increasing trend (annual average growth rate 8.60% ~13.53%), and the ecological effect of human
activities in unit villages was more significant than that of human activities in cities and towns (2.24~14.84
times). [ Conclusion] Although the intensity of human activities in rural areas of Guizhou Province had weak-
ened and the intensity and threshold of human activities in cities and towns had increased, the intensity of
human activities sustained by the land system was relatively high, and the economic and ecological effects of

human activities in unit villages and towns had increased and changed. In the future, we should continue to

explore the system of measuring the intensity of human activities in cities and towns.

Keywords: urban and rural human activities; regional effect; karst mountain area; Guizhou Province

21 e s Bk e AT N &4 B Ak 2 5 5 R ) 26
AR S R A S AR E WS 2
— U I T R T L A PR R A A BRI IR BT R, A
N B0 Bk R RS Z B A E R R PR
I B O TE L O ke b B AR W B R A 2R
PETHRI A 2 00 PR A SRR AR 5 S TR . B
N 3 J7 30 R LR 5 5 8 S AR B TR, SR AT
X HE PP 5 1 R IR RS, R T AE X 4 st A
T JBE $ A [A] P b 26 0 23 G ORI AEL L 9 N2 8ok 2 7
T A T SR b A S 5 SO R X A2
% 2050 R RN L 5 5 TR R A R R B
INALE % VA 28 Bl o J3E X6F PR T 3L 3K A6 26 38
P E B M) 5 KR SCRAE Y SR TG TE M GIS M2 & 05 i
Xt 7 1 HE Fr B XN 2 Bl o BE R AT AR AL, 3 A 5 £k B
AT LL R Ml Y Sy SR B S i B S A [
A28 R0 N 2800 3 3 B RGO E st AR
BEALL TN 3 N 2K 1 2l 56 52 Wi B L i 25 7
A% SR 5 R AR S5 DL sl 3 BE L N H A A B TE] KT O
0 3t ) T B s 2 S AR 45 45 7 ik 2 I N D6 Bl

TRANTRZE T 5 JBE K I 2 8, S e IR A s 2
T Blyox A 25 28 8 B 1052 W 1 AT H Y AR/ IME
SEUTINT A N ST Bl R A A A L e s
O35 IR TT AR B 7 () A S A A D T R T A5 5
A5 A5 0 v [ B el 36 2RV B S A AR R s
I DT HC SR O R IATHITE s IR B 5 W A S RY
M| 22 5 1 N I35 Bl i J8E R A 25 R 2 R 1 R AT IE 5 5 TR
R SRUACWN & AT 25 3 PN R S PN S T
By A s R B AE Y B TR AT OB L B A
% Bl AR A o PG A 25 R B8 7K e DR 0 B X T 0 Al

95 BYSENA 4 545 SRR JH L Al A= 7 A 25
&SRR R TN 81 E A T v & SNTIE) PN
JETE Bl o B R R I =S G . N B IR X AR A R G
LA T RES I 55 O (B0 A5 3 At S L XA
PUPIS SR I Qe AR B NS S (R i R By
R G55 O W6 Ko xod H B B 55 ALY H
B G X A A R GENR 55 3 1) A Jey 5 T K R A
HEAT G347 5 45 BEAEDS RTF 58 2600 3 B 5 AR A R
GElR 55 B (8 Y 25 R DGR E . e Ah L 353 2 35 38 AN [F)
iR 5 L BRI E AR B 7 T I W
SO G A R T A R R B T N2 Bl R
B RGMRG5 AE4 T SKORN Bl 25 1 74 B Sl 5
TN OE R A 2k 5 e T S NS Bl
X E SREREERE W L) B HE I 2= MUHRAT Ak T A W R R 1Y
R . TR Bl S b L A R Y
VeI AR 32 5 b M A TN 4 R S LA B
AR BE AR IR AN Bhoi A HIL 5 20 250, ok
R PR R A 25 B AR bR SRR DT . E AR E N
i Sl L R A B 4 AR g 7 UG 0 = X
U EZ AN SN Bl ) RN (SNSRI DO S
5 211900 L 2 0 R 38 72 UK sl L o) 458 R AT BF 5 IR AR
DR, TRV N Bl X A28 B ki 5 AR 2 T Ar T 2
KB I 7 A BB AL S 2 BB S A RO R
U AZEN Bl X R AR IR A 2 28 B S R R i A7F 5T
RELZ AHIFR IR £ b N3 8l 5 B R 2 i 2%
BLEIFTE R . FT UL T £ b5 3B & 2l B2 it
23K SRR ERIT T AR X SR N 2 15 2l 5 B2 9 {E K% L IX
WA A T BTN X 2 MRS R SR IO
S 5 A AR A T B e S B



386 /e o B 1

530 45

g BT, DL SN A S B 50K G, 4 dal £ el e
5 RN S5 B 1 B OO R B S X
T AR AL AR R M R B S & s NS0 Bl R 1
M GDP 55 A2 25 2 G iz 55 4 (6L 73 31l 23 B BN 2630 30
EZR0 S SRS IER B PNE S [ Sy VAR O PR S S sl ]
THERAEBNEH X 2 b5 IR I3 2l 56 B K H
A RN o Ay Wi A A 2 5583 DX AR A SO A R L A A
EEROSERLIER e SLN S R LIPS 1] I8

1 HREX#EER

SN A e P B IR b | 2 SR R AR G T
103°36'—109°35'E, 24°37'—29°13' N, $t: 4 9 A~ 1y 4% 7 Fl
FIVAMN . 558 P e S0 R S0 28 Y 5% 4 R B R v, Ll
THAGE 92.5% . A A5 P85 ME 55 A0 Ak 2k A 1) ™
H TR G i L B b AR L EE A T R 2. 2018 AFOR,
FAAND 3600 J5 A AL A= BUE 41 229 o6,

2 HERIE

2009 4F 5 i AR S SCHIRIALE S AT B IF AR 50
HIEARTEASIRH BEE SIKE BB . HmiLL 2010 4F
55 2018 443 HIRFR A S SO AL BRI 5 L e IF N
I Bl B RO ST . BEINAE 2010 4R 5 2018 4F 4
Hiu A P S R U8 T v R A B IR BA SR R o S B
s Chttp: / www.resde. en/ Default. aspx) » BUE 43 3% % K
30 m, 2010 4F5 2018 4F45 H G T AR AR AE N O F N A=
FREMEL IR S AT HE 7 e S A T AR AR AR
SRS ZTREAE SRR T 2011 4F5 2019 AR SR SR
U ST GRS LK 2010 4R 2018 4R BTN A
K E R & 5o R RGE T AN 2 EM S A
F NI i S BRI T Ch E AR ST R4
3 MRAE
3 EBREBRESMNEZE

Bolund 5 2 A B R G REMR 55 A B RGO
BT AERR 10 N A A7 R AL AN ] /D [ I 855 25 R 5
HON W AR S R G55 DI RE 3 28 M B T k5
Costanza ZE55) 5 s #b 2500 42 R R - )7 vk,

E,=— 32 (1)
ESV,=2E,Xe; XL, (2)
A E By AR AR ZS RGeS A 7 IR 55 )
REMIZETE UM EL OT/ hm®) 50 AEYIFNZE ; POABFSEIC 0 Fh
WEEVFEM ks OT/ke) s T2 @ FlR BAEY) B 7 i

(kg); S, MWFFT XA ¢ Bl & AE W 09 Fh o AL (hm®)
ESV, WABRGH j WRSDIREM S E T/ e,
R FHIRI AR AE R RGNS § BURS T REAE
XF T AR 2 R Ge 4 A 5 IR 45 B 10 224 i R AL
L A5 28 H b AR AL T AR (hm® /a) o

TETRA R S8 R e, ) R 2 E S8
THRAR B0 5 N 48 HEAT 43 BT B 75 48 1F Y o R4 vT
WA 2010 4F 5 2018 4 [E 5 5HH A8 B4R PR ORI
BT R U0 A S0 A B AR AR i 3 A L TR A
F, 2010 455 2018 AFHf b ARHE R HL KSR AE S R
GiHLL RS M R BB IE R 50 0.63,0.52,0.66,
0.09,1.30,1.47,0.96,0.19; W15 . SZFRFFISCAL AR 55 2 1 &R
I IE R4 R 2.02,2.02,3.68,2.48, 2.48,10.04,
BB ERBRNAE S RS MR 55 AR, 15 3] 5N 4
2010 42018 4FEAN[m] 4= b ) S AL EAA T AR A 78 R e ik
YRR FEAESRERS M EZR SR T, St
BREEY MM 2010 4F 2018 44 51 2.82
JG/kg,4.59 JC/kg. A I BR OT T W2 AE 48 1 3 1 s
Wi, X B2 MARNZAAE 3k 4 % #E473H 58, B 2018 4R A%
R FEAE TR BT TR ZAE )G - 2010 4F K - 35 S B A A%
H 3.86 TG/ kg, e & E AR E] 5 M A 2010 45 2018
HEEBRGRSMEE D, THEFRPLEME 2010
EEB RGNS BN EN 10 223.26 42T, 2018 4F 2K
18 579.32 12,70, 2018 4E % 2010 4FE 4 K 81.74% , K
rP A 7R T M 9 B A A 85,21 %4, £ I TT 1 K e
RAEK 77.69%0) . 4 M T AE IR 35K 7.45 %0 ~8.01 %,
SR FW SN EA S AR S T AERRES
P S A B AR S M T A S R GRS M (R
P K T
32 SHSHEAXRENEE

N NS0 S5 B 1) i T B R A FE b, IR
SR N0 Bl o B A E 1 2500 TR B AR IR
i R B LA A ) b > T B R O A 28T S
PEATRSR . AR5 3 2o 2 i N S PR 3R 2% 0 x LA
R T, BRIk s

S SISL, X Cl,
. CLE _ i=1
RHAII=RPX T = RPX e (3)
S DSL, X Cl,
. CLE _ i=1
UHAII=UPX 5 =UPX e (D)

K RHAIL 25 X 3 £ A A 28 7 3l 5 B2 48 2L (rural
human activity intensity index) , FfiF X 18§ £ & A [ 4 7=
A X A FE R M5 s UHLATL Sy X a0 A 25335 5



554 4 BURESE W RR LU DXk 2 A S Bl R e LR I s 38 R AT 5T 387

SRS $0 (urban human activity intensity index) , ik [X.
SR A 7 A 3 X b R P S I R 5 RP Sy [X 5K
N Z A AN REOT A s UP S X A B O
N3 S e AEEBE AT G A (km® ) s RS 2 X3 2 A
H S TR (km®) 5 US 2 DU S TR (km*) 5 SL,
SL; A5 i . A MR /8 B2 2 B T AR (km?) 5 CIL
CL A5 15 A st F T/ B S A i BT b > e 4 5

A 20104

EEREMEME/ T
I 0.0023~~20772.68
N 20772.68~104190.01
104190.01~309492.66

309492.66~661378.49
I 661378.49~~1375765.45
B 1375765.45~3657767.70

0 45 90
I S R —

FHOCT G AT R I K RS W K
FHAF S A LR SR 7 AR A R
AU BT M B B R R A R
AV 2 R CRR A J57 R b T 2L FG B ) sk
D7 REAS 3T T B B T, HOH A S RS IR 55 T g
B ARG S AT S A B B 2 I ) T s Sy X0
eb VEIENE RS 3ith i

B 20184

180 km

EHRGERE HE/TT

N 0~23691.8

[ 23691.8~112268.0
112268.0~325720.0

325720.0~791451.0
N 791451.0~2044370.0
I 2044370.0~4020010.0

TE ST AR b IR IR 45 3R 40 F 4R 10 4 T B 5 S(2022) 005 -2 (947 oft i Fel 1 40 i P ¢t kg F Bl el
B1 HME2010FE52018 FEE52Z5RENESE

33 AXEIEESE

(D & A N 287 3l 5 & B (threshold of rural
human activity intensity index, TRHAID , % Ff A 2506
SR e R — 0 KX £ R M 3R [ AR Bl Y A
L BGE R R AR Horb RO AR TR Bl 2 A A
KGN EAE T IR, W2 £ AT AR 3N 506 2 o B
H AR B R Bl R 3R DRI ARl 2E 77 N R 7 i
JERIRAE & B ARG S L B R, S IRIKEE
ML B A 20 20 T B 43 I o4 2 5 0 5 R, N
IR L AR ME N 350 kg/ (N + a), FHAE N A B X 3
AT A e TR B 5 oK 3 e A SR 7 30 Xl e IR
1R SR N IR B A ) A T R T AR DT TSR B
DN B 5 B A A (B, 2010 4, 2 A&
PRI 407.54 kg/ (N« a), 2018 4F A B 7= N
AT1.48 kg/ (N« ), BN 48 o 1 0 4 1 X, A 25 BRI
W Sy i 555 o B b T R0 E B R A 2 B T R 7
B, PR, A4 N P AR 5N £ N
RV B i T RE BT I N R B i A (L TS B
DX 3l N S35 Bl ik B A v AR BTSSR

ACX TP
SLipe = 5)
S S (S X Clygsg +SLy XCIL)
N CLE _ i
TRHATI=PRX 5 =RP oS 6)

K TRHAIL B £ R A ETE gl 3 B B O O, &
TIE PR o DA e AROHE 2 5 5K B 1 & R NS00 3l o
JE S/ (8 (CTRHATIHAR ) 5 DX 580 AE 4% 3% 14 B e A
B N 80 3l o B B (E (TRHATIED
SL s 2 D 5 DX I 5 AP MR B2 75 5K A9 R £ VR 4 4 b T A7
(hm”) ; AC iy A B & 77 it Ckg/ (A = )15 TP Jy X35k
NESE TN AY R XU & 1R 7 2 57 (kg/
hm?) s RP R IR £ FF A H RSO A0 5CL RS @ Fi+
Ho AR/ BRI B e i T b Y S T R R K G S X
3R P/ BRI R Cly e AR B 1 1 40 o T 1
T P b BT R A0 SR FH K 5 5 b 7 35 £, B
0.450 NERZK 5 53 A 1) Al Al b 2 Y, Ho Al
A GB)—W,

(2) L N0 3 58 B B {E (threshold of urban
human activity intensity index, TUHAID , s A 2506
Bl RE L DX N ST S R T R R Y
FREE . Forb, 0 DX I BE N 26005 2l 0 R B R b IX
B AT RAE WU TR SR B, ST AR TR R L
DX M T U IR 35 52 GE Ui A i I X T AR 52 b JE b 3
FRRA . DA N s AR Y R R G A
] 2010 4F15 2018 4F 53 JH 25 Hi i ol DX v AR K5
A Sy 3 1l DX T AR A 3R A B R IR o DA 5375 31 4%



388 /e o B 1

530 45

RN ST Bl o B e KB fE . BTk

UAsu
1= UPM 7
|
SLuy =X UP (8)
S 3 (Sly X Cly +S1, XC,)
- SCLE i=1
TUHAII=UPX & =UP s

(9)

A TUHATL g3 A28 T 3 o B2 fe RBAE T A
A E A N X AR (km? /07 ) s UALr N4 H
WX B AR (km?) ; UPag N FE B B A B (7
N 3 SLy g B A8 25 1 T 25 41 ok DX T AR A e 1
(km®) s UP, 2 5t M 48 4 M i ol B N 808 5 o M
BT 55 S R 3BT Ml A B HE At g R ) 2 A
HAl 524 — O .
3.4 NZEiEBNEE R RN

NS Bl i X 334 N (effects of human activities
intensity, EHAD , DL A JS36 Sl B 7= A i AR S 5 4
G ERIE ARG S KA R SR vmilsa. £
BALHE £ B ZRIE 3 A 555 %5 (rural ecological effects of
human activities intensity, REEHAD 5 345 A 2815 sh 8
B2 (urban economic effects of human activities inten-
sity UEEHAD ARF A B0 X 25 5 2855 (19 52 0
FREE . ANZEIR SR L, AT A AR 25 (8 5 & 5 - H 1Y)
BAZDRFEREE 5 R A P B /N 2 X %
N P2 500, B AR R, BRI A 067 N 2 By 5 i
(1) GDP {8 AT 28 fiF 380 B IX S8 N 2690 3 it B 19 28 % &0
IO 5 DX IRl R A 7 S g o N ST Sl i BRI, D) B
PTG SR EE A Ve RO B . ARG5S M E
AR SR IR R s 6 RS R 45 5 DI RE Y
M) (%) T A B, PR T B N 2T B R AR S R Gk
G5 M E /N AT RAE S A DX 06 2l B 19 A2 S 4L
s NG Bl i B BRAIG , X A S I R4 by B S
FR G55 (a8 DU B N ST Bl i B AR S AL B
w o HAtE AT .

EHAI=REEHAI+UEEHAI (10
ESV

REEHAI—RHAH 1D
GDP

UEEHAI—UHAII 12

b EHAL SRy Bf; A0 sl i it K 28 5 4 5 5
M B, (O6/ ) s REEHAT A X807 £ R AT sk
B ROV G/ N s UEEHAT g [X 8l 2037 34\ 253 5
LR TR AN TG/ A s GDP 2 [ P i X A 7= i (E
Ot/a);ESV MAERRGRSMECT/ ),

4 HERESH

4.1 EMEBHHHL ALEIRERTEST

X NS0 Bl 5m B 8 B CHATLS) & 17 I 42 1 9k 4
H oM A EH AL, WAKXG)—W  #
TN AE & T 2010 4F 2018 4F 4 Hb F) 258 5 A1
A E Y AN R R EELIE S YN SRS LR N SN S
o 2—3) . A HT Il A1,2010—2018 48, e 4
A b T IR N ST Bl R Y R R AR Ak (22,7206 ~
124.83%) . & M Tl & A N 2R3 35k B ¥ 2 0 59 2% fk
(7.57%~28.57%) , W & M i A\ 1t £ AT 1) 3 B
R TEWUH AR 7 5 A A AR v 0T 488 B DX i o A o
B NFIE B S22 A DN BE & A T 1] 395 R4S Ak
X3k 37 3l . & R XSk N 20 sl B i g e . 4 SR
55N A DRSSO EER O s RIS AR
NEELIN U -REE oS /A (N NSRRI PO IEZR NS P2\ $72
e R AR ) & . Ho BV R M (3 i 124.83 %) L4
AT G 112,13 %6 (4 380 N 2355 2y 2 B 38 o b
B, HUROR I SO R T 5 38 ST (AR 28.57 %0) .
PPE G M (22.80 %) 75 37K 7 (20.84 %) FlEA 75 B M
ST 2 B IR Bl o R A

20102018 4F, 5% PH 7 IR 4 A\ 806 2 ot B 4
B> R NETE S0 B 4l B ik, BV AN 2R IE 3
T 2 A S o5 B (13.88~19.22 %) . K& M
HAE R B MIE 20 (BRSO O IR T U A B AR
2 UL AR 7 R B R AR IR S N R B o
JE 2 IR B W 2 s LA T B N RIS B iR S & R
JUG SR EE 1.14~6.35 £i5, IR & A 206 3 5k A 22
BN X 5 HIWAE N DB AR D S AT R R
AR EARAIY) & . o 5l A B AR
LSSV M R B R o A SRR N ST S L 2 R
KT B0 BE S 5 (114 ~4.44 £%) 3% 5 HAg @ Ak
&5 VAU R R R AR AT LA A 77 A 1 Dy
FERARE B A R, B 5 A T 28 T Pk
EIUNEDN LR TR 5 4 YNSRI EPN
M BRI 2P K, 2018 4E Bk & AT Bl 0 JF 4
2010 4FEHYINAS AL (1.38~2.91 1) ,
42 SHALFEHEREHERZEST

A3 K B4R 2010 4F 5 2018 AF R B =24 {1
PR 77 ek RN 17 AR 2 U 0 P 2 A 50 A AR A
K (5)—(6), B F] 2010 4E 5 2018 4E HM A& HTH £
o ST B9 B SR A1 5 e o B (1 45D

S3MT 22 B, 2010—2018 A, L SR FHT S H 37 T £
T ST Bl 5 B 1) A AR 5 A vy o {52 % T T o R Ak
(0.89%6~6.23%0) , HARHITT £ A6 Bl B e fiR 5 A



554 4 BURESE W RR LU DXk 2 A S Bl R e LR I s 38 R AT 5T 389

55 BB 1 2 AR AR AL (4.89 06 ~30.1226) . BEFHTITAE A 5t
M B 230 AR N ARZS, 2018 4F N 458 N/
kem® , A A ORI 10 & R A 7 A 356 B2 W) 56 38 5 Y
TS AR PRI N 2K 0 2y 56 B8 e UK 10 (L5 e o 10 {2
R B s Y i R R gy L S R A X
) S RIS -4 & R R D DNIEE 8
PR £ A N 286 35 Sl B B0 ELATS S 39 sk . SO0

HA T , 205 K KWL B £ BN E K s i
A P2 IE Bly, AR S R i 07 5 40 3l AR, X
S X i iR A IR A v R {2 BRI A AL, 22 I
VT ST R N S AR R N RS R O 1) £ R AR
By B A AT e e ) 9 Pl S B ka3, & FF A0
Sl AR LI BE Y K (2018 44 298.43,347.72, 358,44,
241.51,347.93) , HoA b T D) 2 W A AR AR 1L

N
A 20104 B 20184 A
, ; e
T 7 (
L j
: BAEEHKRMAKEGRMN
RARRTT g S e e "
. hiﬁﬁﬁﬁi
P Q%@ﬁiﬁMEﬁﬁéiﬁig
%“\,
0 45 90 180 km
WANRBESERE [ 1 15261.33~17994.97 BN RIEF R [ 20970.16~23886.57
I 4326.76~7060.40 [ 17994.97~20728.61 I 9304.54~12220.94 [ 23886.57~26802.97
[ 7060.40~9794.04 [ 20728.61~23462.26 [ 12220.94~15137.35 [ 26802.97~29719.38
[ 9794.04~12527.69 [ ] 23462.26~26195.90 [ 15137.35~18053.76 [ 29719.38~32635.79
[ 1 12527.69~15261.33 [ 1 26195.90~28929.54 [ 1 18053.76~20970.16 [ ] 32635.79~35552.19

B2 2010 F52018 FRMEZTHTHBAANLETNEE

A 20104

5902.51~6867.03
6867.03~7831.54
7831.54~8796.06
8796.06~9760.57
9760.57~10725.08

2R AKEZRE

I 2044.45~3008.97
[ 3008.97~3973.48
[ 3973.48~4938.00

4938.00~5902.51

Il

0 45 9
I T I E—|

N
B 20185 R ) A

180 km

5423.87~6321.60
6321.60~7219.33
7219.33~8117.06
8117.06~9014.79
9014.79~9912.52

SR KB RE
I 1832.95~2730.68
[ 2730.68~3628.41
[ 3628.41~4526.14
[ 4526.14~5423.87

I

B3 2000 552018 FHEMARMTSRHALENEE

2010 4F- 5 2018 4F X Bt FHTT & b AT 2l 5 J3 (5
KT F AR A 3 5 5 BT A S 5N 48 B0 28 5 Sk
DL RSB AT R B XL 5 2 A OS] ) ik
WA . HARHTT & b NZETE Sl 5 1 3 o T e
SR B (1.02~1.62 ff) . 25 R S & i A DR 2 A
SR b e YD AR AN B R B 1R DA S RO AR 5 A
AR BRI A . DR R L SN 45 Tl £
Tof NI 35 B R R b 200 e s B 6 2 R X
I A RS A S R G R KT

43 WHEAXFEDREHERTZES

H 2010 45 2018 4F- 4 [ # 3k X TR 3N T %
Bt A A5 T A AR S RA AR (D — (),
BB GINE £ H T 2010 4F 5 2018 4FE IR A 81 3l 53
JE A v A (L 6) . 43 BT AT AT, 20102018 4F, 45 Hiy
YR A N ST Bl 5 R R I [ X 3 B (1,25 ~
L7945 o HH: 5 vy 15 {838 3 B2 5P 5 2010 4F, 5t FH
T 7S BRSBTS T RS AR R T
BN S0 By 5 R W e T e e B {E (1,018 ~1.198 £i%)



390 i o S R B

% 30 &

B4 T L PG N S e I T e R (L (0.686 ~
0.892 1) ;2018 4F 4% 1 i I FHL N 28 7% 2y 3 B 1 W fIK
T v B {E (0.940~0.997 %), 2010—2018 4F, 3%
A 45 Hb T SR BN S B R ER R T e v R )
A W AIS T e v (S A L K R T O AR N SR S

A 20104F

LT

ﬁt‘rﬁ” ‘

T e st e A S 5 B i £ H R 20N 63 3l i 2 1
(ESG R BT . TR by 45 3t T SRR 20 i
JEATY R B PR 9 AR A L ELAR 3 e SN T B ok
J3E 5 v IR S 3t 5 A S PR R AT AR R %
HBRRIETT.

B 20186 N b K

T

0 45 90 180km
/ [ B B | g

2kt N 3KTE B 50 B R A% AR [ 1 3483.14~3960.56 21 A KB RERLRE [ 3421.96~3983.44
I 1573.48~2050.89 [71 3960.56~4437.98 I 1176.04~1737.52 [0 3983.44~4544.92
[ ] 2050.89~2528.31 [0 4437.98~4915.39 [ ] 1737.52~2299.00 [ 4544.92~5106.40
[ 2528.31~3005.73 [ 4915.39~5392.81 2299.00~-2860.48 [ 5106.40~5667.88
3005.73~3483.14 5392.81~5870.22 2860.48~3421.96 5667.88~6229.36

B4 2000 F5 208 FRMEZHTOINARETHREREEE
) N
A 20104 B 2018& § } ; A

.34

z o

0 45 90 180 km

SHALRBHRERSRAE [ ] 4239.73~4844.96 S ARBHBRERBRE [ 4124.64~4784.74
[ 1818.80~2424.03 [ 4844.96~5450.19 I 1484.27~2144.36 [0 4784.74~5444.83
[ 2424.03~3029.26 [ 5450.19~6055.42 [ 2144,36~2804.45 [ 5444.83~6104.93
[ 3029.26~3634.50 [ ] 6055.42~6660.65 [ 2804.45~-3464.55 ] 6104.93~6765.02
3634.50~4239.73 6660.65~7265.88 3464.55~4124.64 | 6765.02~7425.12

Bs5 2000 F5 208 FRMEASMTINAXLBHEERSHE

44 NEFEHEMTRIBESHNSEFAMEET

¥ 2010 4E 5 2018 4E St B A& R G IR 55 0 (H
s (B D 5 E N A B RO A A A (10—
(12) 45 21 4% b 7 B 300 BR0 N 280 3l 28 B M (800 5
BN S f NG Sh AR S (RN, DA KBRS N 2T B
IX e B R (B 7—8)

SYHERIATL 20102018 4, B P g M LH 4T A
T A BT I EH N 3G Bh 2 B sk v 4 v » B R N S AR R
LS P R N 1 B S AN NI 3 A 25 300 i 5 45
75T & A AT S A 258500 52 34 AR b (A 2536 K R
8.6020~12.46 0) , it ST 15 B VY B M i) 1 R R AR K

(55.88%0,31.04%0) . &R FW, SINEME R 2 E AR
MRS TR XL E K A SR B B 2 5 A i e
rh B AN B AR AR R G IR 55 2 1 R A Xt
HABME G Y NS AT R IR,
o, B P | 4 2 T MRS D e N A T AR I B
KBS IR BRI I F N DB D A Bh
BEVRE » R B N 20 5 B AR SR . BN
2 M T BT SN ST Bh 28 B AUt S 8 AR Ak (AR
HIRGHR 8.74%0~13.53%) . Bl#E Bt N4 45 Hotii A%
BB R (I 22.72 % ~124.83 %) . 4% i THT 28 5 ek
R [ RO 7 S 3G e 2 R, AT T B A7 Ik B N 2



554 4 BURESE W RR LU DXk 2 A S Bl R e LR I s 38 R AT 5T 391

G EEYE RE e SV Y I SR I LN TR VS SN BEAF I AR, R W] S R N 2l 56 8 [ AR AR B R
I Bl A AR AR 1 R A T B 28 Bl 2 B Ak ﬁuéH)\?’%zﬁﬁﬁimﬁﬁiﬁﬁn&mo

B 20184F

A 20104F

14158.55~15738.66 iﬁﬁA%’é?ﬁﬁJ?&EﬁEﬁﬂE

39 H N 28 Bl B R B | [ 21288.07~24162.80
I 7838.13~9418.23 [0 15738.66~17318.76 I 9789.12~12663.86 [ 24162.80~27037.54
[ ] 9418.23~10998.34 [ 17318.76~18898.87 [ 12663.86~15538.57 [ 27037.54~29912.28
[ 10998.34~12578.45 [ 18898.87~20478.97 [ 15538.57~18413.33 [ 1 29912.28~32787.02

12578.45~14158.55 20478.97~-22059.08 18413.33~21288.07 32787.02~35661.75

Be6 201052018 FHEMARMTIHEBALENEERSHE

v 3 { \ N
A20108 . B 20188 . Sho A

3433.69~3965.39 ﬁmgﬁ)\%?ﬁz‘;ﬁi%ﬁﬁm

AL 5 A NS AL || [ 17635.21~8907.86
N 1306.90~1838.60 [ 3965.39~4497.09 I 2544.60~3817.28 [ 8907.86~10180.50
[0 1838.60~2390.30 [ 4497.09~5028.78 ] 3817.28~~5089.93 [ 10180.50~11453.15
[ 2370.30~2901.99 [] 5028.78~5560.48 [ 5089.93~6362.57 [ 11453.15~12725.79

2901.99~3433.69 5560.48~6092.18 | 6362.57~7635.21 12725.79~13998.44

7 2010 £5 2018 FHRMNE EMH BN Z A KF B & SHE

A 20104 . womd U B 20184

BAGEARESBRELFRN [ 510.69~550.99 AAMEARESBELTFRE [ 995.45~1049.95
I 349.48~389.78 [0 550.99~591.29 I 777.45~831.95 [ 1049.95~1104.45
[ 389.78~430.09 [ 591.29~631.59 [ 831.95~886.45 [ 1104.45~1158.95
[ 430.09~470.39 [ 631.59~671.89 [ 886.45~940.95 [ 1158.95~1213.45
[ ] 470.39~~510.69 [ ] 671.89~712.19 [ 1 940.95~995.45 | 1213.45~1267.95

B8 2010 F£5 2018 ERME &M T AMPMENLEHEF RN



392 /e o B 1

530 45

S BN A & M T WU NS B R T 2 R
NG 5 BE L H T 4% T 28 5% Rk R OK - Ik
UNIEE.3: 5 N R VR: L NS SR rD) B8 Y VR (WS N LN IR EZS
AR, FME B TR IX, &g 3 20 AR X £ AL
S5 A AN PR [R) BEYA B, N 280 ) i R K R B R AR,
N By A AR A 5 I 3 B AR Ak, PR A%
B & b N 2S00 2 A8 25 8000 8 3w T PR W N
HIG B A TR (2010 4R 2.24~14.84 17552018 4F
H2.52~14.11 5,

5 iS4t

(1) BfiE 5t A48 & Hb i B A i L 2 B P
Ji& KiE S AN H 3E AU A 77 5 AR 0 45 o T 3 A
ST Bl R R S A Ak (¥ 22.72% ~124.83%0) . &
FF T By B 24 52 0l 55 A8 1 (RAIR 7.57 26 ~28.57260) 5
St PH T AR 48 23T FLd A N 20 Bl o o
o NS0 Bl i B S A1 5 4% b T 24002 A N I i
KT 9K NETEZ5R A, 5 50 M 28 Wb P &
WA .

(2) 2010—2018 4, M B K ZEH T & A
N B R IR A e e (B R B AR AR AL, XS R
RN AR RS IR 77 5 AR S B DDA G, Al SR
SR 5 A S RGN TT KR S S R RIS
EH ST £ R N0 3 B A AR T e AR B A, L
TR & R NSV Bl 0 B 1 0 s T e e R
BI(E (1.02~1.62 fi5) . £ M1 & A A JE0E 2l o i 4 14

L 0 370 8 o e 1L 1 X b 2R 8 7 2 7™ R R
IR ER DN EE

(3) 20102018 4F, 4% b 17 0 4 N 28 1% 20y o B
B R R L B T R R NG S H
BB, DL KA AT 0, IR 23 2o B A e
{5 5 He R B RAF 2018 4F 5t M 48 4 Ml i 4 A
JE By vk B WIS T o e (R (R A b R S
BABERGEANRRZE R RKIET .

(4) 2010—2018 45, i 5t 144 2% Ml Tl Il 22 B ke
R BN I N R 5 A TR AT G AR
b, LR K 2 ARSI IRE R SBE . HE SN
N E NI Bl 5 B A, AR S R 451 5 D Rg ek
B AEBREMRS M EPE G, K, 5104 25 b it
AN RIS Bh & TV 5 & A 6T 3l A= 28 2400
PR R AL $54(8.60 % ~13.53 %) ,

(5) BN BF K S8 K VS AR SR AR, 3 BT

IR 283 2 28 U RONE AT SR A, TR] B 7 28 et K A
BHEIRI B E 50 N0 2 A 28 8000 2 4 1
K, 07 & b NG Bl A 25 0 B v L R B A%
Hu T A S AT NS Bl AR A AR RN T s 4
TERORE Y 2.24~14.84 1%,

NSRS 54E & %0 & Je i AR & 2
SRR 5K T S R B9 N80 B A
2522 50 A8 B AT A RS £ R TG B
% 53k B G5 e A R I 5 5 R R [T L AR
NS B B R, N E B 52 e E N 2T B0 B 4
RO AR rp ot SR FE A AREE . FERF ST L 4R 4
55 2 R4 LR 53 0 BEAT IR B S & A N0 Bl
FEFR BT A, I % N 10 B R AT A5 ) B
5 2R N0 sl B 16 8 (R R AR 76 R 45 B iR L Bk
JE R A [ AR R R AN . 7RG S gL
ZIRA IS & A 00 shim B o ik &R
W58 R A B IR 28 R R S kS & 5 A
&35 B i B ) AH AR 5 5w AL .

S &k

[1] Crutzen P J. Geology of mankind[]J]. Nature, 2002,415
(6867),23-23.

[2] Liu]J G. Integration across a meta coupled world[J]. Ecology
and Society, 2017, 22 (4). DOI: 10. 5751/ES-09830-
220429.

(3] Bhatle, 87 R34 N80 3l 4 A 345 30 55 1 3 o 3T
M 5 R IR [T, b B A} 22 3 J€ . 2006, 25(2) : 36-45.

[4] Miler R B. Interactions and collaboration in global change
across the social and natural sciences[ J]. AMBIO, 1994, 23
(1):19-24.

(5] Xl#efe, B2, k5w, 5 2RH R A5 EEXK
T4 [J ] Bk A2 HE R 2006, 21(4) :346-351.

[6] Mauser W, Klepper G, Rice M, et al. Transdisciplinary
global change research: the co-creation of knowledge for
sustainability [ ] ]. Current Opinion in Environmental
Sustainability, 2013,5(3/4) :420-431.

[7] Loreau M, Olivieri 1. Diversitas: an international pro-
grammed of biodiversity science[ J]. Trends in Ecology
&. Evolution, 1999(14) ;2-3.

(8] FERTy x4t it. p [ 4= 3t ) HI A2 BT A X 3 43 e A 280 BF
FEl)] AR BEUR 2 H2.1997,12(2) :105-111.

(9] Zra. A& 2l 3 B 5 PR J7 vk 4 26 4R 0 [T . B 2
XAt 2 1R L 1998(4) :56-61.

(100 SRRz, T WM N 2805 20 B 19 s BT [T .



#
-
&

BURESE W AR LI XK £ A

1 Bl K FLR 0 I 2

AR 5T 393

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

HER A} 2 R, 2004,19(S1) £ 386-390.
o, WA AR, 55 1 7 4138 b X AN 28T 8l i
J 14 25 RIS 48 5 450 1GF 23 17« LA 165 B 40 1 A 4810 [ ). b Bk
15 B A2 47,2010,12(5) :628-633.
WL IMNE—, 7T i R )2 N R SR AT
P K )] B 444, 2015,70(7) : 1068-1079
ROUE 25, FLAEE , %.1990—2018 4E 0] = M I A
ZE0 By ik B ) 7S S JR AR R LR Bl R LT 1K R HF
5% ,2021,28(5) :287-293.
E R IR, 9K R L 4520002018 4RI b XN 2
T B 5 I 2 AR AR RRAE B e R A A [ . P 52l O
R 22 A ARBF SISO - 2022,51(3) : 250-257.
PARIBAEE , X B, 5 1 55 L . R L AU A 2R ghag i 5 bk
T B 1) I 2 OCHRMELT ] b B 2% 4, 2022, 77(5) 1 1244-1259.
XTSRS, iR, A5, XA A0 i 5 v N 280 Bl
SIS AT [T AR A5 241k, 2018, 38(19) :6797-6809.
/T AR BB L TR XN ST B R B R A AR AL 4
L] b BT 5E . 2017,36(4) :661-672
A Ao, AR H P EME R ARSI 5 A
SRIFBE 25 A X R IE [T A & % 4, 2020, 40 (12)
3935-3943.
BRT EE RS FVURAESE R BN A
R AR TR RN, 2021,43(11) : 2356-2368.
VEXE W PH L BATE 45 36 00 8 B 1 75 o D N 26
T s it 2 B[] ] b B 22 4, 2020, 75(7) 1 1406-1417.
X SR EAS W R L SRR T O B ST VG A
505 Bl ok AR A AR A R G R IR 55 W s [T ], b Bk
{5 BRF2F 251, 2020,22(7) : 1544-1554.,
ST FRAA AR A e S I T IR ASOR 1 [ £ 23 [ A R
B LB RAELRT] b 3 223, 2022, 77(3) :534-546
XIEM L X GAE, TRXE ANRED M AES RE M5 R
RS [J ] A A 24 4R . 2017,37(10) :3232-3242.
XK E ] Rtk S TN R R ES RS
R 55 5 N2 2l 38 B SC BR 14 43 17 - L foe B ) R AR e SC
R I R J ] A AR, 2022,42(13) : 1-11.
K*M@H@ D E R R IR AL X = AR A (] 7
P98 B e s AR K 5 ONRIE B I OC R DA B

e A
M b

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

B AWM R B CT] K AR FEESE, 2021, 28 (6)
268-273.

HE L ARIG, TR E
WASRGM S =
1254-1263.
W, AR, S, 5 S ER ARESRE S
SOULAK JR) B G me B ISR [T AR A 2, 2022,41(10)
3959-3973.

B, A% AT R, & AESRGE RS M ES ALK
B S B Pk 0 M B LA - LR AT R ) ] b
%ﬁiﬂ%,zozo,zxom:365—374.

Benjamin S H, Shaun W, Kimberly A S, et al. A

S NZEIG B R A R Y U R
(A% R [T 1 vk I 42,2019, 41(5)

global map of human impact on marine ecosystems[ ] .
Science, 2008,319(5865) :948-952.
Mildrexler D J, Zhao M S, Running S W. Testing a
MODIS global disturbance index across north America
[J]. Remote Sensing of Environment, 2009,113(10):
2103-2117.
Wu X, Liu SL, Hou X Y, et al. Quantification and
driving force analysis of ecosystem services supply,
demand and balance in Chinal[ ]J]. Science of the Total
Environment,2019,652:1375-1386.
SN G R AR BB . SN A S AR A 2] b
o E SETH R AL . 2019,
BN 48 GE it Ja ) A 5 BA 2 . 5
TG R 2011
Bolund P, Hunhammar S. Ecosystem services in urban
areas[ ] |. Ecological Economics, 1999,29(2):293-301.
Costanza R, d'Arge R, De Groot R, et al. The value of

OB GRS Z] A6

the world's ecosystem services and natural capital[J].
Nature, 1997,387(6630) :253-260.

B, B AR R L B R AR AR
AR LT, 4R %8R 2 42, 2003,18(2) 1 189-196.
BURE A A R GRS it 2 5 A 1 L BT W B R 0t X
AL AR ) ] M BRR A, 2021,41(11) : 2021-2030.
S S 7 o ik o R S U R ==
B .2002(7) :9-14.

RERARIEN



