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Abstract

The history of human civilization development is a tortuous process of mutual influence and
interaction between human activities and the ecological environment. Against the backdrop of increasingly
prominent global ecological and environmental issues, the evolution of human land conflicts and the
coordinated development of human land have received widespread attention. Objectively understanding
human activities and exploring the spatiotemporal relationship between their intensity and scope and
ecological environment quality are of great theoretical and practical significance for regional sustainable
development. The northern slope of Tianshan Mountains, as a typical arid oasis area in northwest China,
has a fragile ecological environment. Against the backdrop of accelerated regional economic development
and rapid urbanization, human production and life are becoming increasingly active, exacerbating the
imbalance between social economy and ecological environment. The ecological environment of the
northern slope of Tianshan Mountains is facing severe challenges. Exploring the correlation between
human activity intensity and ecological environment quality on the northern slope of Tianshan Mountains
can help deepen the understanding of the change mechanisms of regional ecological environment systems
under the background of global change, and provide reference for regional human activity regulation,
coordination of human land relations, and ecological environment improvement. This article is based on
multi-source remote sensing data and socio-economic data, selecting seven human activity intensity factors
such as population distribution, land use type, nighttime light brightness, and road distance. The Analytic
Hierarchy Process and Comprehensive Index Method are used to construct the Human Activity Intensity
Comprehensive Index (HAI). At the same time, on the basis of the remote sensing ecological index, the
"cleanliness" factor is introduced to construct an extended remote sensing ecological index, Using GIS
spatial analysis methods and trend analysis methods to quantitatively analyze the spatiotemporal evolution
patterns of human activity intensity and ecological environment quality; Based on the correlation analysis
method and bivariate autocorrelation model, the linear correlation and spatial dependence between human
activity intensity and ecological environment quality on the northern slope of Tianshan Mountain are
analyzed, and the spatiotemporal correlation between human activity intensity and ecological environment

quality on the northern slope of Tianshan Mountain is further explored. The results indicate that:

(1) From 2000 to 2019, the average human activity intensity on the northern slope of the Tianshan
Mountains was at a relatively low level (0.17), but showed an increasing trend year by year (0.032 - a™);
The overall spatial distribution pattern shows a low north-south and high northwest and central regions;
The high value area in the central region presents an "L" shaped distribution, with a radial decrease from
the center of each city/county outward, and a "belt" shaped channel is formed between cities/counties
supported by roads; with Shihezi City having the highest average human activity intensity over the years,

approaching the level of moderate human activity.



(2) The average ecological environment quality on the northern slope of the Tianshan Mountains over
the years is at a moderate level (0.31) and shows a fluctuating growth trend, with an average annual growth
rate of 0.017 - a™\. 59.54% of the study area is in the trend of improving ecological environment quality; In
terms of space, the overall ecological environment quality of the southern part is better than that of the
northern part. From south to north, it can be roughly divided into four ecological environment quality areas:
moderate level in the northern foothills of the Tianshan Mountains, poor level in the piedmont grasslands,

moderate level in oases, and poor level in deserts.

(3) The intensity of human activities and the quality of the ecological environment on the northern
slope of the Tianshan Mountains exhibit a "bidirectional anisotropy" feature in their interannual changes
and spatial dependencies. In terms of interannual linear correlation, the two are weakly positively
correlated (R=0.07), showing a spatial distribution pattern of high in the middle, low in the north, south,
and low in the south; The proportion of negative correlation areas is slightly higher (51.24%) and the
overall correlation is weak. In terms of spatial correlation, there is a spatial dependency relationship and a
weak positive spatial correlation between the two. The spatial clustering pattern is mainly low activity low
habitat and low activity high habitat. The spatial correlation between human activity intensity and

ecological environment quality gradually strengthened.

(4) The comprehensive spatiotemporal correlation results show that human activities on the northern
slope of the Tianshan Mountains have a weak positive effect on the ecological environment quality of the
northern slope. In the positive correlation clustering, the total proportion of arable land, forest land, and
grassland is over 60%, while in the negative correlation clustering, unutilized land is the main area, with
both exceeding 55%. The land type structure is closely related to the positive and negative impacts of
human activities on the ecological environment, in land types with higher native ecological quality, human

activities are more likely to present positive ecological effects.

Key words: Human activity intensity; Ecological environment quality; Clarity; Extended Remote Sensing

Ecological Index; Bivariate spatial autocorrelation
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1.1 EZEBEE5MRENX

NKEG RN R SR RAEANT, W 7t &0 Bus 5 ME. BEERETT
A —VI e~ A PSS EE T8 (HEIESE, 2001) « AR AZEFES T, M
T HBIERASHE L RN AR K R BLSE A, 1 NSRS R H . M BT R K
AL, R FSENKIES IR H ARG RS AT UM EERZR (IRHESE, 2015 . H
Al 70 ALK, HREZETIAGIK IR RN, MR Yk 2 5E4E
WL, KBRS AL . TS e A ERAE ST R R H 25 i, ANSSIESIA AR
B AR R R PSR T & E A 1R E AL (Miler R B etal., 1994; Xl 4%,
2006; SEREESE, 2009) o AR, AFNAEBIER MGG, NFESNEE N
Mo AR A A I AR B E IS S — . B, R ME RS, 8 &P A KE
BTSRRI, BRFTHLIN 20 A B L 5 AR ST B () ORI, X T T N 2R
BT RE A R AR B U AT B S

NZKiEBN 5 (Human Activity Index, PN EAK HAD & RAE NGB0 — @ [X 35k
FEAEPEME R R G Tabr, BERWRAENSE S0 Fli R ZE R sog FT K
[E URBEEE, 2015) , HoEERE RPN NG A SRR (1) 3 B8R G Ot 42
&, 2018) o BEEM AT TRGE KRN A A g T B KA, AN Rdud HR
FISRPE . BRENUEA WK, ARIESERINH Z o, ERMMEEEIEFE, X%
BT E MFRAE 21T NGB Rk TR Rk . H i HAI € &7 20 NETH
R -BBHAEHNLEA TN (Han Zetal,, 2016; BUEFIESE, 20200 FIEET bR FH
M MAESY (RHEEZ, 2015; #3558, 2017; Venter Oscar et al., 2016; Venter Oscar
et al., 2016) M ANKIGHZRE LA, FEMAKEI RS R Bt K, K
REA AR I SEIE S B RN RS, SO X 380N 835 2 6 20 ) v SR RS A0 T H Al
N5 Bl 5 1 R B v R T R & e ik HL 2 B I ZR B febn 5L (IR 4SS, 2015)
BTk, AR R A E AR B BB R O E AL S

ERHIR T E R — A B RS RS E R S5 D e i 4 T
(Barbara S et al., 2017) , I TAERE T SN E R SAESEREANFE TN AHEAE
MEER (FEARSE, 20100 2 AKIESH S RIEAESHE R ER LR, L2 WIAH
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X 3N 75 B B PRI 0 B S FLAR AR AR AN [ R Al (EaR, 20205 ZFEML, 2021) . 1%
G I E I AR AR S T X It R AR S B — N SRS BT A AR S AR
Fsem) (ERFESE, 2021, ZHefESE, 2021) , HENESRKREASNZHE, VESGE
FWNKENE W R IFY . (HEFESE EAKIENIME BWRIETE X, i AKIED)
SR LT e EmA S A AL, RS SE A UG LI 2 o A AT i, AR TONAES
B B AR 73 (Roth D et al., 20165 Schroeder T A et al., 2017) , #UfTH#EE
TR R Y T A E S R

i aE R L AL AR Dy [ G SR R BN X, RS HAEEESS, X ASKIEB Y
Wi SRR, HAE ST BOIRESBNZ 22 RiE . AR R ST, mEkRildb
P NFETE BN AT g DA SO AR S BHIR ST R R A, Attt & it 5 A ST E
BT RAT, JUHSE Tk AN ARG ) R R, A3 i IR Ll A3 0 A AR PRI 1 o 02 Bk
i CEESE, 2015) o Ak, IRFTR ALY NG Bh5m e H 5 A4 A P8 o7 & 1R R Bk
P, AT IR RGN A ST BRI . TG 2B T 5N X AT 78K R 1)
Jrl), AR ASFRELOR A XN M o6 FR R A 4

1.2 EASMAR LR

1.2.1 NEEDREMRER

NFKIE AT NRA A g i b — DI e e NE sh AT v, K5k N &4
MR R A R BT OG, R E M AL 4 BUR . KUFEAE DT (U
R, 2018) o ERTAFIFH, ANRESFEHERILN Hemeroby. AETFH (BRATH
&, 20000 M A NJEJ] (Eastwood PDetal., 2007) 45, H, Hemeroby —if KR T 7
L5 hemeros, HIZF ZHHY)F 5K Jalas 25T 1955 SE i IXFEH (Jalas Jetal., 1955) , i#id
X DX 385 T A AR 78 o RS 5 0 N SRIE 30 10U 55 7T A8 2 1) U 7 AR AR de 2R A ]
ZrEN, PLFI ASSIE S A KR BRI 52

N B 5 P D) i X33 A RN 289 2 PR s o 17 7 A R R B AR B o 4 i 2 R S ke
AR FHAE 1975 T I R M FAEAEN CEANTIFMT) FidF 7R
T NFEE BN X AR SR 2 AR 8 VP FIMER: (Programme U, 1995) , (T HAf
AR NGB R E M & DI SR, I RE I ARG T REE L. “A
RNFHRE” WML AE 1976 A AR E A48 2K Sukopp H KGR, FFHE SON “—FhiF il
NEARBEER TN AES RS =AM ” 256771 (Sukopp Hetal.,, 1976)
b6 )5 Sanderson &5 & XA EE T AR REE AT N2 22 F8 % ” (Human footprint index, HFD
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LS N8I BAREIFE AL (Sanderson E W et al., 2002) , @i ¥HiEER . &
W RLIAPE L IR S N 5 BEAR 9 NG R HEAT G2 b X o b R s e ) IRE T A
B, feuim NG K. [, Sanderson 5% 8 B AVE & RS
ZE5, 13T NFIEEN RSB ABR A A R, dE T AR E AR ORI X 1) R N
EH U N RIS SR AN S TR T 12 A, VR 2 58 SR DT VER A [R50 RUEE
MANEEXNAES R m T T &4 WM (Woolmer G et al, 2008 ;
Gonzalez-Abraham C et al., 2015; Allan JR etal., 2017) . {HFEEH 2K B SRR M
F%, NFRIEB IR Z 5 N e E07 15 P R BTN 2, 1T 2 58 G A Wkt
HFI, Ette 2575 2011 F=38 F- - HuoF FH 58 B L A= W04 B MG 55 PR A0 N ST TSR] X = AN 1
PR T N LT $8 50 (Btte A et al., 2011) ; Correa Z5MI7E Etter FIFEHEAE £, #t—25
SINRIE AR S AR FE IR B, Frag, MR T T 24 AL TR AL
(Spatial human footprint index, SHFI) LAP-Ak 52 75 5F A\ 83E 21065 50Uz 8 14 (1) 520 (Correa
Ayram et al., 2017)

[ 712235 52 v N RIS SN AR S IR R 5 2 B AR T W2 T, ARAAE T RexT A
FIE BT FIAE R RA T IRAIN 2 0 A5 AR EAT 220045, 5T X300 LUt 72 i 1047
HIEVEM 4510 2 548 EoNIREE, KR TERARZMMEIRE L. (HHT AKFED)
FHREZRE, HA AR AR, MR SR A, s
BFRZRAL, XTHRE X3 = 6 N E 3 T S A TR IA

HAT, A 27380 N5 3l 9 B2 ) A AT 5 32 B AR AP 558 52 e A 1 ) FH A2 A iy
MNAEHRAT. —J7H, VASESN A AESIABER O R s, ARS8 X A 2
e 55 DX AL E BRI, 8 NS 358 25 A VP R R DAL E PP . S0
MESR AT =N, EBUKBEER . AEE . R4 48505 N 1D%5 9 ANMEER,
TEE RGBT SR AT i Sk I EE 7 A E S8 T ARG shsm g (L, 1998) , Hi
TE T E N AES R E BT T 75 KRS MR A SR T4
FEH R, ME IS RsE A e A, XEURIEE SIS . N OB EES. Tl Sk
J& 7K RA B A R 3 FE I AR EE A SRR S AR S R BN RE RS, FRAE
et EARDT T XIRA A B BRI IREN SR (TR, 2003) 5 TR SR PAAK
WS AKIER A S, R KESE . SUKEKE. R ES AR, F
FA8 5 REGEFZEA TaB0E E VPN BB B A R R 50 AR 3 AMERX I AR
EARE (GRERRAE, 2004) o SMARE, HHTHEEVENR R K2 DATEUR TO/E 9 TEAS
AL, DAttt oy EEEERR, sz 5 eI EAR LS, AR B R AT B
TG RN RIS B 25 40 S A 0 A T R R D

H—JiH, % RS 5 GIS HARMIZE B, FEANIIFEERE S5 g 5k
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573 [ B AR AT R B, B AN GIS 73 18] 73 Afr e AR B B ZRIE B 5 FE VPN R &R 1
Fgrh . FESOUS LR AR A T, A S s SO S R R R SR A e N SR
AW EAEVE RN 5 B EHAAR, 85 B8 XA A A [ 500 Bl s ) FH S8 3 A T R0 ) 3
T NFEBRE TR . WPREESELE 2001 SR sOM SRR AT A5, FELLASRIES)
XSy CRFt . Teldh . JRHh. g A, Ehih ) MR N E, T
ANFIEDN5E 20 (Human activity index) F TP X 38k P9 552 W 52 N S35 300 16 52 M) 56 5
(FREFEE, 2001) 5 25 ¥ T 3R - SR X (TR, 2009) RITEMETT (R
8, 2017) FH. 2007 4, BIERAAIRTER. ERSMMIE =A K 5347 HAT 45
Rk GHERSE, 2007) , 708 7 URYL b DX I8 N 2895 31 5 B S IS 23 40 A REAE 5
HOSCRIN£5E i 2 (AR . BRI R @& R, RAET Tl RIAEE =4
JRI, FAEEG TR (T RN VSR ED 5B R 2R A
WEH . AN ST @A B I AN SIS R BEREAT TR, IR T R T AR R XN
AR GFSCEEE, 20100 o 2010 4F, A NFHRERIMRES B IR 2 55 22 5l NH R
PRt DX I DRI PPAl AT 9, FE R BRI SCHE R LRI 30 R 50, WL T XU & ]
I b B AR ORFF XN NP5 FE (R I 2 Vi AR R AT T RGEVEAS (BRZ 555, 2010) 6
NGRSOV TR B II AN FHRE S, 208 17 2h ki3 X R 2 25 S
B, B8N 7SO RFR R R (FhKOESE, 2014) o 2015 4R T S R
MR E NS 820 (Human activity intensity of land surface, HAILS) , LA
FA MR, EAS [F] ST FH . B 2 15 FH M S S 4 58 R 80, TR 2Pl X SN S0
FIX R R Z AR B (R B, 2015) , E#NHTEB A 2RI
X (RIERISE, 20160 © sbwm)sl (BR/MESE, 2017) SFHIX . bR T7k Bl AR
HAN B R SRt HARRAAE T 45 v 58 HER RN 5, [RIINHE A T 0 R XS A6
WP AT, REATIZ MK EERER, shAE T RSO A 2R A G
MRELD) AL ) FERT X I N R B 9 JE EAT € VP R FR R 5o, TR I N ST
BN AR 1 5 0 A A RS 52 e 1) 22 T

gi Bk, BETEWA ARG TIMER PR R 2 B &AM E, 28541
WKW B, MARTE A X i — R R BON AN bR . 456 2 SRR 5 4it
Bm, FT NG E IR APk NS EmFads, 245 NRIES)RE
E VTR T 1A
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122 £ IMEREMRIHER

I B ARSI RARE VG N, NI LA AF 5 R R ot B N s [ SR A 5
MBS ERTE, AN TT DO V) RGN R 407 A2 5200 (1) 49) 5 B RE & 1Y) S 0
(BIKEE, 1998) o AN TASHE R EMH7e] LUE# 2] B4R, B
MRS ARG, Tl GgERE e, AN O 2R ERIEEEAC, AT SR I 75 5K
RRHOR, O NI — 0 3 B AR BRI 30 (G 3C0omaE, 20200 o FE NI H AR
AT T RANBGE P EINE, N 5 A BRI [R]  0F JE RO BAR G0, 37— RAIE L 5%
WA KBRS RAEJEIR IS RN S R R I, R (AR IR A B K fE i
BB o DR AR A A, SRR 22 (1) 2 AT 8 1 B U AR A A B B & T
MFFE L Culgbiss %, 2008; HEAGEEE, 2004) o MWEFAXT SR ERE, BN
FR A SHEL BRI T 0 BT 32 B S AN I @ AT o L — R WS ETRR I
R @20 HARM B 15, B A B Thae . H T ARHE RGN ERE L,
M UA ML ZR G 1 A B R R HR A AT, NI E WA K 2 NS SRR —J7m
ANFHAT IR 521

[ 40 L e A SR o & AR G 7T, R AR S w2 v ARSI RS
PEWFTE . MRELRAHTTT . AESHTE RIS (FHERSE, 2001) o Houghton S5 7EHR 7
LR R R AR 5 ARSI A SR R R TR R I, FER L SRS EIX Y, Ak
AR R 2 T B X AN A AR P A BOR AR, B /INER B A 1 Ry Ak AR - THT I A7
KPRy, BRI A S 24K 2 5 KK 7] (Houghton R A et al.,
1985) . Richard J:THEHIE, A GIS ERVEAL T 35 B 4R 5 TR AR B 24 52 UK
P (Richard G et al., 1998) ; Bob iAJy, FML S 5 R T 15 N R # & A S
%4> (Bob Crabtree et al., 1998) ; John HIHF 573K BHIAEAN(E 5 50 & Z VA< (John
T et al., 1999); Marco Trevisan ££ GIS $5 AR [ 3 4% N it 3 s R L /& F 5 2L (NPSAHD ,
DA T RN AT A SIAEE RN (Trevisan M et al., 2000) . Luck Z54h 78 T JRA
ARSI FRHOE R H S IR T AR SRS &, HER 2930 T A5 R G0k R I SR A
T R SO B NS T RS 20 AT R AE S R E AT XS (Luck M
Acetal., 2001) - Michacl 55 LA ] BEUMETE AT 2 VA RS I RO 22 55 S0t ST VR D JE Al
Sof XA AR A PR R B BT 73R (Jun M J et al., 2004) . Jeppesen LLEZEh1E i
BB EIARRY), RIEKIKAESRE 4 (WFD) X PFE2 . Zib Je A& [ il in
AT RSB T ETEN 9T (Erik Jeppesen et al., 2011) ; Erika I8 1B AE ST E R
(CES) VAl T i A v i 2% & e 1 AE S P55 5 2 (Erika Igondova et al., 2016) ; William
P FAEY) X R EPEE (FQAD THE A IIZ -HHIESE T FQA 7EAES -5 vF Al X 5k
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A= IR 7 T AR F (William A et al., 2016) ; Rodriguez 254 T A% . ST 5.
23 ] AR TR SCER PR 25T vk A, P RS A XA = i ) FH AR A 3ok A 25 3R
R 2 AT T (Rodriguez-Echeverry J et al., 2018) . SULIAIEY, #4273 XK
B AR EFATIRE, Marchini ZETH R IEE (TWIN) B R SNH, M
RN TIPS AR SR T 2 1% 0 (A. Marchini et al., 2016) .

JOE ARSI B A S FUAE [ N P, (R S LR B AR I AR S IR BRI
R EMER . (BAFEESIEHAIERE) T 1998 £k, NENARETFKIRAT
ARSI T BB EIR A 3R E 3 AR SR BN R
AL O TEE R . TIHL AHP JZ2IRHT R, M8 T et A4
SR EIPMER (EJTH%E, 1996) , LLATFREKT . BHIRF & FEEAAME H R
R =AEPRAMENZ, &8 45 D=0 T o802, R B0 XA AR FR
B AT T VPN AT . X FESFENERE T 4 T—RARAR, 16 T ZARARAN 29 =2
fabr, FRERIFHZ XML (AHP) M8 TITHE A SR BN fhs, 8l 7Rk
TR &N BRI E TE RSB E WA R MR GHEL%, 2000 o HET)Z
RO IIEA R AE SRR BTN A R, IR Z 2 W, oettrE, &
BAOWERELLAS NEIR. BEERHIRE, B, GIS FHAELFKERENMN Zis
., N MARE. AT AT ARSI RPN T A0S T AR &R TR S
ENVI P8R FH 8 R RS2 B 1 AR ST SP R (LIRIESE, 2004) , RA 1:10 /3
M HHE, SRS 52 A &R WEHORE SIRNBINRE R T, SR E
18, FELAE BV 7 R B Bl T X0 %% B8 T A IR, e 2 AR T AR S PR B 8 Sk
PN REAS , ARIRAKIR T “RBIRAESTER (RSED 7, X & — M & AR SR HUIR
B ik, AT LB A8 B0 T i U AR B R S Fe b (BRiiEk, 2013) , HJEF2 %
5T RSEI fBHO AR T X AE SRR AN A I I CREBEE, 20160 FlbAT X ig L Hh
FIHASA I AR ST R B (RS, 2021) &5, HRE CESTHEDRITEN A
ML) (HI192—2015)  CGABIREPEE, 2015) KALIK, L& THPRESR
BRGLFE B (ED BT T KISAE S BRRBLPEANT 0F 58 GBS RS, 20165 B —4F, 2021),
H T & X A ST BRRAS BSA AR, % 72 Az 52 (1 R 3R AR R AR R, PR I3 e ]
SE FAEE 43 BOABE AAE XA A A5 T B VP TP AR AE — o IR SR, X LR b S i tH X
WA S E SR E. ik, B9k E1 5 RSEI A4 &, WA %R, k. k. +E
2P FTHIER T 6 NMEbs, WERAESHEREITFMIERAR (EQD DIRFA T
WA RE ARSI Y. (FF58, 2020)

gx b, ENAMER S SIS BT E VAN RIS T MR R . [ AR 2
AR XA SRR, E NPT WNAERS 5%, ¥ EL2
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AR, DLRRE A I 22 SRR ot RBET T KR A SE R AT, @ T i
WK LR X IR IR IR R R (BREREE, 2015) 57 #vis 28 U X I AE
BDREERA (FEESE, 2014) SEFREES RARFFANESHEIEMEE, Hz)
TSGR N . A AR T X AR S R 22 i 4,
2018; ZEERf, 2021) BRHURI A4 (ZRRRAESS, 2021; 2SS, 20205 AL,
2021) . WP IK GRXFHRHSE, 2017; 2R5E, 20200 25— NG04SR &
oml, T NSIESIE ISR A TR D R, 2RO SO T R Bl s TR AR, R
ZI G A T IAESHERRETN . BT RRRE, ARCHE TSR B ARE T
25 G — A T 2R G NI B 5 AR A PR B & 1 SR B 20 AT

123 AXEMBESESIMEREXFEMRIHERE

“NHIAT NAEZ REEE Bsgm 7 HAREAILIFE? 7 (Marsh G Petal., 1864) , iX—
Al 4 SR T R IR T NG B A B AL )2 i . 1989 4F,
McCloskey %LU EF (KT 4x10°ha HI&%A Ni&E @54 00 RH 4 ) B R 2Eat, g T
HANEERER . S NRIES TS RE M0 A 5545 (McCloskey J et al., 1989) .
Hannah 257F 1995 4E5%F 4 BRI Bl P9 R SRS b A A\ BBl Va BRI EAT T34, HEERE
N A 2 BIEAT TP ) A o5 4 BRI AR Y 52% (Hannah L et al., 1994) o i#3E 21
A PR, BEE AN KSUE B AR R B AW G B W7k, ARSI A2 14k
FIFE SRS, Ellis 28R, ERICUKIXIEL R, Fitth(Wildness) AR & EEAS 2 25%
(Ellis E C etal., 2008) ; Krausmann 570K, 1910 43| 2005 4 N2 5 H B354
FKAE =18 7 —1F% (Krausmann F et al., 2013) ; Halpern Z5 B 70 A A NGB0 25 1)
JE 7 =B s 7 AR D oy — e, T X R ) IEAEA TR (Halpern B S et
al.,,2015) . IPCC ARG F&iH “ NKiEGEN S HURA R 50 N7, dtks & —
RYVEBUR N AR B E SIS (IPCC, 2022) o BRSRHE 22 (RAIE4E 2 B A SRIE Bhnt
HAR S AW, Hul gl g A RA K LFE (Steffen W et al,, 2015) ,
EPIE Y George — HZERTIILE AN . Kk, X ASKIE SN0 AE 5 4 SRR & 5%
BCPEEAT VAL, TERA AN SIS S0 A 25 PR 53 o 8 1) 1 7 R0 T3 B 95 A 2B 2 S 1 O
i

ENNEWE RGP EEL TR, NIENTEAR RS A Z i@ . &g
PREE A B T A OC R IR R, AR T NSRS AR W AR S IR ) (IR,
2014; M5, 2019) ; fEAESY GEEMYE. Mgt 5EBRNIENE) HFad, A3k
TESIEAE A A S IR E AR OB IR B 1, 2 T-AH OCO8 RIR AL (EEREE, 2018)
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WaE L Rl 5 K BN RIGE KL SMREE . 2R, SHEN, AKE
BN A AR T B s ) BE 27 U . Z ek, ik, B WA E RN RIED)
HAESHERER KRR H 2 NI R, —J7 E T — R LR NG shiT it
17, T ETARAESHER T#17. ER2 NREDNT AT, LR HZRNERNA
KIGNN I EMAEI L —, BNARZ FEPRNRE) S AR R KRR .
Houghton S¢ER 7t L HF] R B AR A0 5 A I B I AH OG0 R RE h R I, 768 5 Akt
HEX AN, MR AR N2 S B IR N A ST AR RO, B /NI 1) R
A AR I T I AR R B NAR S b, 38 A SR AR X AR S R 2 B KR T
(Houghton R A et al., 1985) ; Cimini S¢7EH MR (L [X T 59 4k Lt A FH R 7T
BERE], AR KA BT X A ST (Cimini D et al,, 2013) ;
Mdk ZEHIFH 2000-2009 4 [A] 1) R FH G . T 0R S EERE, £ InVEST ALY
CFET, XPhngy. Bl by E iR eE . KRR AKIERAERIAI V) Z AT T AT
RIPPA, FIAT 1 XS AR SRR I B AR 0 L S AR 3 R G IR 55 T 24 SR (Mdk L et
al, 2013) ; ZEGNLMFIHZ KR, o R EEN 5SS REERES S,
3 M T ZRAG I DX I T b s A R S AR A IR AN, (R, 2021 o AL,
FEANVERIT T IR & 2905 B S N RIE ST = A ARSI R . T 4k
FE NI 1) B EARI, SO0 IR T A BERE X AR S PR R f s Ok, 15 R
TR i ok 5 2 152 FH U TR R P 185 A 5 g i A AR A 5 ot i o ) = 2 5 IR (2858, 20200 5
Srinivasan 553 T /N EASHIAM N RIED) G =R HR, SRR B
FANVEL Y 5K IR o BRI AR5, Al 7 ekl T NSRS
IERRAE S RGURS AR (U. Thara Srinivasan et al., 2008) ; Sophak %518 LR 410
AR N FRIE BN AIE O, 8 o R 2 R - 5 8 W A T [R) N SR iE sh i AR a5
i 3E4T A58 (Sophak Lim et al., 2014) ; Reartes S5 is f4) G AR R PPAN 18 37 B 1) 5 /K
FEAE N NE R A5 5 FASIHIR R E W)Y, (S.B. Rodriguez Reartes et al., 2016) . 1§
A RV TR DX e R 22 5, R R A SR P T A ST R E N &2
WEFCI LA . Walter PPAL T BERASIGSIA A Z 0% TP K7 = SUA,
IKA RAEFK BT 7S TR K S EL R 1 52, B 7E 46 SRR I NSRS B IS 7 BRIk K
VTR SRS & (Dodds Walter K et al., 2013) 5 #M (2018) 5-F#l5 (2018) M
TS B SR ER R, T pH E. AR, & RS EI DL
AR A R S IR AR R AR A S X e SRS B AR A PR T R AR, AT AR
(AR N & ARSI b 5 N RIE SR E A A GG R, 20 IR TT 1 SN IR it 5
TOTA] = AR VR TR N SIS ot AR A A B o B () 5
SAARKRE, NG AR A IE B 5 NILR B R o i e, Jl i e A



