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Abstract

Abstract

With the continuous development of urbanization, the modern industry is developing
rapidly and the economic level is increasing day by day. But behind the pace of progress is a
game between ecological nature and economic development. The specific performance is as
follows: energy consumption has become the primary driving force, and finally the high
concentration of greenhouse gases mainly composed of carbon elements is filled in the air. At
this stage, in the face of such a severe environmental pollution situation, a series of international
climate and emission control conventions such as the Paris Agreement and the Kyoto Protocol
have been promulgated, which also highlights the international importance of solving emission
problems. Subsequently, in 2022, the report of the 20th National Congress of the Communist
Party of China clearly put forward the development direction and objectives of " pollution
reduction and carbon reduction " and " energy revolution. "

The three northeastern provinces are China 's old heavy industrial areas. The geographical
location characteristics are obvious, the latitude and longitude are high, and the natural
conditions such as forest endowment and agriculture are excellent. However, the population loss
1s more serious in aging, and the regional characteristics of the three northeastern provinces are
more distinct. At present, the use of remote sensing technology is becoming more and more
skilled. The article uses nighttime light data for simulation. While exploring the spatial and
temporal evolution pattern of energy carbon emissions, it also presents the decoupling
visualization of ' emission-economy '.

Firstly, based on the yearbook terminal consumption of the selected eight major energy
sources and the [PCC carbon emission coefficient, the provincial energy carbon emissions are
converted and statistically calculated. The results show that the overall provincial energy carbon
emission range of the three northeastern provinces is [27070.89,51769.79] (ten thousand tons
CO.,e). Among them, Liaoning Province [12722.03,26672.13] (ten thousand tons CO,e) is
much higher than the other two provinces, Heilongjiang Province [6000.417,14166.96] (ten
thousand tons CO,e), Jilin Province [7629.88,13579.3] (ten thousand tons CO,e). Secondly,
combined with ArcGIS10.8, according to the four nodes of 2005,2010,2015 and 2019, the spatial
and temporal evolution pattern of energy carbon emissions and per capita energy carbon
emissions in 36 prefecture-level cities in the three northeastern provinces was simulated. The
results show that: (1) The type of energy carbon emissions in Heilongjiang Province is mainly
low-emission, showing a reverse evolution trend. The overall evolution trend of emissions in

Jilin Province is getting better. The emission of Liaoning Province is mainly high, and the overall



Abstract

emission trend is increasing. (2) The evolution intensity of per capita energy carbon emissions
and the overall emission trend from small to large are: Liaoning Province, Jilin Province,
Heilongjiang Province and Heilongjiang Province, Jilin Province, Liaoning Province. (3) The
spatial global autocorrelation of energy carbon emissions in 15 years is significant and Moran 'l
is positively correlated. (4) The local Moran index of energy carbon emissions shows a
significant area in 36 prefecture-level cities in the three northeastern provinces, mainly
concentrated in Heilongjiang Province and Liaoning Province. For per capita energy carbon
emissions, the significant areas of the local Moran index are relatively small. (5) The change of
standard deviation ellipse in regional energy carbon emissions in the three northeastern provinces
from large to small is 2015,2019,2005 and 2010. (6) The growth rate of energy carbon emissions
SLOPE from fast to slow is: Heilongjiang Province, Liaoning Province, Jilin Province. Finally,
the article takes every 3 years as a change process to visualize the decoupling of Gross regional
product data and energy carbon emissions. The results show that the overall decoupling
evaluation of Heilongjiang Province is a positive evolution, and the overall decoupling
relationship quality of Jilin Province is declining. In Liaoning Province as a whole, there is no

obvious decline in the quality of large-scale decoupling evaluation.

Key Words energy carbon emissions ; Night lighting data ; Space-time evolution pattern ; Visual

presentation of decoupling
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2.1.1 Ft =& AR MIBXIEHER O
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ASHIERIE=EE RN T RILRSF L AN EM. FN, RIbE=8mXbBia
BONBERI “ B, XL RIEEEETK. KESEWRF=EH, (4 EIEEM
e TN An AR ER I B AR BEUR SR, AT ORA F AR 25 B R BEUR W 1R 4 A0 B RV AR 2
JeHE R B 7 G, BRI E BT,

2.1.2 FI=ZBAXEF R REA ST

T ZR 4G =8 URF B SR A AT B PR B B, ARAE = N . e LAk (1
KRS BN . 1, RABIX AT A R B, JCHGRAE T 5T, 3RIE 1)
WEZEL, REGRIEMVHED TRIE=ZAHX . SAETRE R TV J7 A B B 1)
RIEPT AL, ARIE=E M v h E R« Tk, (HEEE RENIZAAGEE, I
R R A AR R AL = L X FE Ve (U 2k A, BT N BUR RO ™5, [FIIN B
FEREE M E N D20, A BRANDEET, RIE=4E 20 R AR AL & 3
AUt BRI, FEN FRR . G5 AR TV AHRBGS R JE FFAT R LRI, andr ik
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9% . DMSP-OLS ##45 KIz AT I8 2N 1997 44 2013 4F,  HH 36 [ [ 5 3R 2 40 oo
$efit, b5 DMSP-OLS ##i 45 1k 73R B 443 IR 181 KT Yt 2R H Suomi B 54K
A AE TR FREEI v WAL AME S B A Day/Night % BE3RELUY) NPP-VIIRS £ °!,
Hob, AT YR8 1% ¢ DN METEE N 0~63, DN B K /N AR 26 P15 A 8] 4T '
J%, TDN WA AT OGEME, DN EBRR A 2 X S 3 (B KT Do B ke AE[E N
HPAE I SCHR I 57 S AAIE FE Rl B, ASCIRECT 2005 % 2013 4E[%) DMSP-OLS #i#f, #
2012 % 2019 -1 NPP-VIIRS 4 A R a6 H0R 047 2R A6 =48 Reds it 2 i ROBE |
AT . HET 2 HEIRERBUZE BAZER, AE— 0T 5SS 8. Mefd
FH 75 20 Hadb AT — R () M b B RS IE A 47

2.2.2 It =HHBEXEERHFESIR

RERH AR ok B ChEAERSTTHESE) (2006-2020), AL 1 8 Fft 3222
REVRTHARAN: JEURE. AR JRIh. PO BRI Seuh. ReRh . RARR. IFARHE 2005 =
2019 3% 15 FERKImBEIITHAER, T AR =88 REH BN AL e hR HE
BERRGET TS Hh RV IR FE AN SLTTR, HRGEIR G R AL N T
Wi, A, FERATRE AT, 7R AU AR AT AR AR ) B A I B

223 RI=HNELEFEAORE

EFXT T AN REIE AR R (CP) Mg e Fr &, AR 2] T 2005-2019
FERIE=4E 36 M T ISR (POP) DLAHBIX A= mfE £ s . Hor, BL SRk
H (EEITESRIFELE) (2006-2020), (FHARESHEL) (2006-2020) L TEHF I
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2.2.4 XM BIR A H At

X BT B4 B AN AR KR, R EIR MR EARER R B A R H, 5k 2.1
Fiiome Horb, X 2 o0 EdE, B8 R B 5 2R AT REVRTH FE R Y s G —
B SRR HEBCE R . 2 S BN IREEY SRR T BUR A SUE AR 17122 2 IPCC.
Ho, KRS EARAEIE R B BAL 0000 kg BRI /mS ARSI bR IR R 0%
oM 1.33.
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— bR R4 T HE R 2
(t bRvERE D I3 t BEHERU T ¢ R dERD
JR AR 0.7143 0.7559
FEIR 0.9714 0.8550
JER 1.4286 0.5857
TR 1.4714 0.5538
R 1.4714 0.5714
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2.3.1 geiREEHE BRI E

Sof T HE VR B HE R B , ASCHHE TPCC ¥/ By 347000 550 . AR A8 VR WY 36 B S ik
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i=1
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o E. N (2-2) th, CPERIREE j AN RIS, POP ZRIRIZHCER j A

e,
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Bk, HERA TG KPR AT, 0 ARG 2 18] o A AR E
B, RIERESHTTIE, FEIRER R . AT El 0 R AL =8 sedi s R
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At 2 (A AT A EAT SR I AT, A BB B 4 SR, O s AR T AT 1

11



ARAEARAL R Bl AR S

2.3.4 Z2R/Z AR

G JR) 22 (6] AR 92 R Z1 ) ] — A8 B A AN [R] 2 8] oz B 2 1) SR A PR S AR AR AL 18—
PRl Geit Ik e I —RRAE A A W& B XS Moran® T HIGE I SR BEAT RIE )
Moran "I [ HUEVEFE A[-1,1], ISR 1 15505 AR IEAR SR GG, [R] IR B 1
1AL, MR7R4 R i 28 (R A S Ve mbko . tbAh, W] BURYE Z 1570 A p-value (FE3X BLik
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N N N (2-9)
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(yi _7)
=1

2.3.6 fEMEE
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2.3.7 B35 #h
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Jb =48 RVt HR R AN X AR 77 S KT ) B I A 2R o 3 sk of B B e i )
(LR 2-12) RIS R 25hrdE (IR 2.3) KT BARKI O RN Al 2021,
e AC/C,
AR DX AR P AR 1 S R X AR P A
Hrp, 0 (2-12) B5rF  ARIRHECE R 2, 43 BERS 7 AT DA AR Ay th [X A=
FERMERIIE KR, HAr, CoARERIE N 74l i 2 Bl Re I HE il . @I X B AR FR AR )
FIAT, AT LRI #4347 o BV SR AR FE £, A bnT DAER AR A HE DA K& £
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DAHS Bl S & AT A IR B PR A
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3 BT RIBATBIET F L =& sEIRBHR R AN E R

BUENAT S H e, St T T LI SR B A0 3 % 2 5 e A Tl AT A 1 — A AL e i &5
o HAlE AT HBOH R R AT e, AR G ol 0l SR AR
BN, DACEEAT RV Bl B R AR ST SOt AT . A, B 5 e 8] X
AL IR RE SR I ARAF B R SR, NATTIR It 78 % AR TELKT D6 288 e AR 1 o N 2RI 3l 1)
SRPEEEAT — BRI EL . i AN Z A A MR e Ba AT 1 i H S R
R NIRIE 7E o B, ECHIREE (2019 Ht W A FH A Ta)AT St Ko xob 4 ] B R0 B A Hh ok
S IXHEAT 1 M 2 7 RURE O RE R HE TSI A DA S LI 2 6 oy R A 2 22 1) [IX Az #F 72 T

T E 22, BT S et 7 Bodls RO A2 R BR AT A 5 BRI B . BRIAS
SCAS BIBLIE KT Y B 34T AR b =4 RE IR B HFBCR AL L 2 T OO R AL, DAESN JR
B2 (R 255 AL S A 03 SRR I e v D

3.1 Rit=& RN EE ERE TN E L

A BT S B 34T SE WO e R SN, B e R BRI R Xt
TSGR AL, B A 20 A Sk HE R St T A AN I AT PR R 80k T D' 4
PEIT AN B AL BEORAF B AEIXAN B Je Xt AR b =8 B REIR BRI R AT 5, ST
N Q2-1) PR, KT REIRIH AR I MR 5 LLR B S RUSE ) RE st R
TR GE T

3.1.1 L= aeiARI R B R 4G o4

X 8 A EELREVRTHFE M UL AR BRI VRIS B, SEih. BRREbH. RS,
£ 2005 % 2019 3 15 FR L umae i e, AT MERA TR, nTRlikaeiRvH &
HAFET M. Bl 5 DL SR R IR FEDUCIR R TR MG T bT . SCE XTI FEIUIR
FORIRT, FEEXT 8 PRI IL AR HATRI A5, 2k XS AR AT 3 N4 1 Re
VEFRHEEST BAE AT et AT, BRGS0 [EASRRIE (ANl 3.1 F). SRR
Canf& 3.2 pros) MRS aedR (il 3.3 ).
3.1.1.1 BEIFSEERIEFRER S i o

ARSCIEEL 8 Fh R EHFEREIE Y, A 2 PR REIR: AR . W 3.1 R, &
BXTEITE . HHRAE . T8 USRI AR RSO, IR EAREE (7 ©
BT T E T ERMIT LB IR . W TR PR R IR AR S, R ARG I 2 A
FERIE, oA I FE TR Be R R A%, IR R M HE G Getb oA ™ 5. AR I 2 H
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B, MRS (D ERIE=AXE 3 MG F, EERTH R NENH .
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Al DATRT PSS BRIV IR A 2 I — MO R R E &, £ 2013 2 RR 4T
s/ DIEFEIIHLAL, AN 2014 SFIFARZWE & IF iR EEAEAEA B, HEEEFEE AL
[X [8] 5[810.1519,3482.641] (Ji ). X T HMA ML T4 KUl ZHEAFM, FH7E 2013
FEEATFAR AR TR [, TEFEIX A] 23 I N[1162.045, 3202.964] (5 ). [1774.7, 2680.504]
(7 e (2) ZRIE=2 XIBBAA K AR R WEON S, BRI FEIX 8] y[4873.726,
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LRTCAL o (R BAA R T KB X ] [ 1242.051, 4308.46] (i t), AimiHEa /N T JEHE,
(2) XMTRIEILAE . SEHRENLTE 3 ANE 0 kU, 2 FE IR BE Z BN
B . TR G B VT 44 [98.26682, 363.1287] (J3 t) < MK4[327.2841, 736.0395] (J3 t)
<IL T [816.5006, 3337.041] (J3 ). [N, BAWTLEMNERE RSB %, LT84
PeEhH g, 2010 FRTWHFERIZHT L, 2010 5 EHHEN— AT EH. 3) RIE=4
RN TR PTEFERSEARIT A+ AL, 1E 2012 45 (4308.46 /i t) EH—1
Wk, MG TR, G EFERE SOZEIRT, AL 2019 2 IATHFER Y 4258.375
H te
3.1.1.2 7SR EFE R S it o4

BR T 2 FhEIZSAEIEAN, A S FRASAEIR . 4N P00 I e AR
DA b 5 PR ReIES MR REIR, TR N EERIRBhREIRE, 1) 2 B ORI FHAE 22 I8
AT b R T T A R R RE, AW SRR VR IE SR AT O
VCRCATE . VE A B A R B ERAL, X 5 P ABSREIR MR HEE S 88 T
FNERE S AL FrEONPRAEIER 5 MVRESBEYR 2015 & 2019 SFAERIE=HNHAERE
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[12722.03, 26672.13] (Jit CO,e) ik T B HITH[6000.417, 14166.96] (Jit COe)
M [7629.88, 13579.3] (Jit CO,e). 2013 FFE2 /i, HOMEHF ML T&>EHRE>
BRI, BifE, BRETENHERSHERE, F2E/DMER B TT4AE 2013
RN, IR HSE W AR T R
Uk, Xt ZRAE = X R e R R R R, AR HECE ) X 5 24 [27070.89,
51769.79]1 (Ji t COe ) XF T3] LL53 A JLANI IR 34T, 2005 %2 2007 4:[27070.89,
35870.96] (Jit CO,e) J& 1 MG K- H; 2007 F 2008 4F[34471.19, 35870.96] (i
t COe) MEI A 1 NMERE FREI; 2008 £ 2012 485 2 MREEABE K
[34471.19, 51769.79] (it CO,e) JF7E 2012 FEiAF| T HEM & W B mfE; 2012 £ 2013 4F
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[47946.59, 51769.79] (Jit CO,e). 2013 % 2018 4£[42224.13, 48713.19] (Jit CO,e)
PR 2 A3 ANHERCE TR, Hb 2013 £ 2018 fEI FREMME TR, &S,
2018 % 2019 4F[42224.13, 43537.91] (J5t CO,e), BILH T —N/NiErH i E K.

3.2 Rt =E reiR i HEH B R E AT L BHER A TR FUR AR LR Ay

FEXTBANAT S B AN AR b =8 e I R AT A R B S A 2 A, R
XFREAT SE B REAT IR« RLUE . B SE 2 AP0, R T Mg —. &Ja, RyE
TOOL B T B B AT 6 B0 SRR 2 2R A =48 s iy RURE ) REV R HF TS AL UM

3.2.1 WEKT e BIEMIERE . RESHE

N T REAR R PR ARG R R EE, BT R EG X AR 2 N SRAMRE
IT%d, DMSP-OLS (2005-2013) 1 NPP-VIIRS (2012-2019), [&if i T s 35y
XERRMZES, KR ER A AT AT 8 220 KOE, M EREME LRt
AT 4, T 15 25— BIAR [R1 KT Y3
3.2.1.1 TR B HEAEIE

A 1 2 HAR BT s B 43 ) & DMSP-OLS(2005-2013 )1 NPP-VIIRS(2012-2019).
H, M2 AEHEZ M ERRIH R . X BB FHEEES, S0 KSR
R HEZ PR R IAFAE, 28 2 AR AT 6 Es Y1715 — e B AR o (B 7 1 - TR
FERARAUA T 757 20 B AT e 7, MR SRR IR AL B D222,
3.2.1.2 WEKT AU E

BT 2 AEIERZER, FTEXS LM SR IE G R T i . A s — D24
JEINE . BIFIAT 2012 1 2013 4 NPP-VIIRS (HAEE XD L4 2012 Al 2013 K
DMSP-OLS (A8 Y), K9 JUANEGr () EE & W A0 0 -5 R I 7, @i Xk
Az G, ATPRIHEA G R R RGBS — . AR SCH T e matl il i ks
TR, T8 I TRD KT St A i 2% A AT AT D688 7 il kAT 7 A #5 2 .

HAG, T R IR AAR R EON A R E T 2012 F1 2013 4 NPP-VIIRS %
# (HAEE) 52012 12013 () DMSP-OLS #i#li (FAFE) , #7287 hMMmihZ&riils
KFZR, WK 3.1 P
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2% 3.1 2012 F1 2013 4F NPP-VIIRS #4E (XD 5 2012 #12013 4F DMSP-OLS ¥4 (V) &4 5

Adjusted

A R a b C t-Statistic P-value R2 ,

R

y=ax 13.87376 13.32337(a) 0.0000(a)* 0.8409  0.8409
15.59158(a) 0.0001(a)*

y=axb 10.52461  1.4637 0.9838  0.9798
5.941791(b) 0.0040(b)*
1.678402(a) 0.1919(a)

y-alsbsc 125934 1.31717 2592 0.238864(b) 0.8266(b) 09917  0.9861
3.688660(c) 0.0345(c)*
7.137323(a) 0.0020(a)*

y=alnxsb 313950  9.08249 0.9271  0.9090
13.32393(b) 0.0002(b)*

(E: *oR, GHU Tt fip-value B 0.0 12 1, R¥uEE 1 thide. )

WNER3APFR: B, RARBRPAEE AT R BRI RBLR I, B — ok e
fi£10.9 (HXT0.8) b, HRIKT09. BHIREHIIEGRIMIBANR. LK, NR
BB =M R, X N p-value, AN — IR B8R 1 BRERD 8 % ok B 5 4l i .

g LRI, BT — U PR R R ORI i e i T e SR B e B T AR Y R
HAE B AR DR S R e 2k at s B, WK (3-1)

DMSP =10.52461NPP, +1.4637 (3-1)

X (3-1) A1, NPPEIRIFAZE2012520134E 4 L =44 INPP-VIIRS %45, DMSP |
FRMFE2012520134F 2R 4L =44 I DMSP-OLS % #%

3.2 PR 25 @ EOR R A 5 AR B8R, 2012 A1 2013 4E ) NPP 5 1
HARFA I NPP R 47 — € A S BE, DAL EE 2012 A1 2013 4F NPP #4805
& NPP #HlE AR . WIS ATtk REITE DR, BARRRMIERT . FIREHIESCE
s @A s (% 3-1)) BARERNEEE.

#* 3.22012 4. 2014-2019 4F NPP-VIIRS %45 5 2013 4 1) NPP-VIIRS Hofs i) a7 5 AH S I

G LA R a R?

2012 f (x) = ax 1.027993 0.9998
2014 f (x) = ax 0.774832 0.9989
2015 f (x) = ax 0.759962 0.9996
2016 f(x) =ax 0.768292 0.9994
2017 f (x) = ax 0.675622 0.9914
2018 f (x) = ax 0.664843 0.9974
2019 f(x) =ax 0.614259 0.9890

FR, BT —k . IR AR B e BO R g T R R AR AL =4 36 Mg R
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~ 2012 A12013 4 NPP-VIIRS s (H7AF &) 5 2012 #2013 ) DMSP-OLS ##fs (A4
), HE TAEAIAERNE R, Wk 33 s,

R R t RIS 45 3 AT P R A SR T e RAOHAT IR, Ee AR T — oy AR
(2N R HH AT M T A RAT e G, W (3-2).

DMSP, =8.802962NPP, +2.286926 (3-2)

X (3-2) 1, NPP, #RI522012520134F R b =436 M HL 2R 11 IRINPP-VIIR S £
i, DMSP; UK /R 722012520134 R Jb =44 36N Hb gk T [ DMSP-OLS % % .
£ 3.3 2012 A1 2013 4 NPP-VIIRS 4 (XD 5 2012 12013 £ DMSP-OLS #i# (V) HHL&45 5

Adjusted
LG BRI %L a b c t-Statistic P-value R? ,
R
y=ax 11.2621 26.20657(a) 0.0000a)* 07376  0.7376
26.44758 (a) 0.0000(a)*
y=ax+b 8.802962  2.286926 0.9090 0.9077

11.48519 (b)  0.0000(b)*
0.978734 (a) 0.3311(a)
y-albec  0.82498 757975 25  5.860447(b)  0.0000(b)*  0.9103  0.9077
9.188286 (c)  0.0000(c)*
12.33754 (a)  0.0000(a)*

y=alnx+b 2.58575 10.0183 0.6850 0.6805
22.15734 (b) 0.0000(b)*

(7 *FoR, T U3 p-valuel{E HO.05 I F, AYUEIT Tth%. )
M3 AR RHIERE, MR E R 120128120134 FINPPEE X 5K [ NPP i
BRem AR, FHikX (3-2) BEBRAMR TR
% 3.42012 4. 2014-2019 FE50¥5 5 2013 4Ef() NPP-VIIRS Hdf 1) fa7 B AR <

Fy LA R a R?

2012 f (x) =ax 1.032559 0.9937
2014 f (x) = ax 0.802069 0.9823
2015 f (x) = ax 0.784954 0.9721
2016 f(x) =ax 0.791088 0.9670
2017 f (x) = ax 0.698667 0.9588
2018 f (x) = ax 0.672048 0.9634
2019 f(x) =ax 0.631141 0.9670

e fa, A 2 M AT s a7 i (3-1D FEG (3-2), 4% 2014 & 2019 (1)
NPP-VIIRS #4f #% A4 SO 2 i AN [FURE, 308 HoA &2 DMSP-OLS ##5. BEJE,
A1 DMSP-OLS #fa 7 2005 % 2013 H R A 2T L, 15 3 5 2247 B A A8 F (1)
SEHE[P) 2005 Z2 2019 [¥) DMSP-OLS %i#f . JF LASLAE R J5 B2k 4T /0 b 1) 32 AR S 409

21



ARAEARAL R Bl AR S

3.2.2 FIL=HeERBRAME L H RE T MR EL

KRBT SR AT M AR I L VS A )5, IR Geit- I 5 0 4 e U
BHE R S (A8 B ) kT Y % DMSP-OLS (7 (AT Y6 {5 TDN 3E47 Hb 2 i )R 5
REVEBRHE R O TR BB $A 3, ASC I 1 3 iy R R B =l (3-3) P, BEATAR
ULE{CS .

C, =aTDN.? +bTDN,2 +cTDN, +d (3-3)
Horp, TDN; R0 B IR TAAT DB, G 27Xt I 48 33 ) eV e R TR
A Eviews7.2 X8 #HATIEE, It T2 EBE R 3 DS AT G Bl A RE R ik

HEBCR Z T B PR AE IR, ek 3.5 P
R 3.5 BIRIT e EdE 5 REIR T HE O I FRINAR L o BeRaA 50

A TR o K ik 5
ey RIS Ci =-1.01x lO’lBTDNi3 + 3.38><10’7TDNi2 - O.355821TDNi +126455
HMHA Ci =1.22 ><1O’l3TDNi3 -2.99 ><10’7TDNi2 + 0.227314TDNi —43296.68
LT4E Ci =1.22 ><10’13TDNi3 —4.68 ><1O’7TDNi2 + O.589041TDNi —218435.7

3.2.3 WIEIATHABIRA A T bR B HE A B FURNAR PR B OIS BE TR

WL (3-3) 13 AR AL =8 B R RE IR AR HE SR -5 AT e Kot 2 SR 1 BRI
AR AL T4 b g i RUBE RE IR B HE R AL N T R, 0k 3.5 B

25000 - —Hk— i’ﬂﬁ%ﬂi’i’eiﬁﬁ‘]‘]}ﬁzz‘:ﬂ
— = BEARERE
20000 -
pilly
oK * —
& 15000 + — .
o - */
iﬂ:q 4 ﬁ/— —
nay K
10000 —:/*u#
5000
— T T T - T T T T T T T T T

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

T

K 3.5 ZRIE=4 2005 % 2019 S HREIRBRHBCR A PIE 5 IR E R BRI

22



3 T RIAMT 6 T AR A6 =48 BEUE BRI S AR AL

WEFEBELSE L. RN F AL (3R 3.6 Fian) LA R RS TR HE B E:
CRERL TR AL A AR ) S FIR 22 1k B SR AR & (& 3.5 AT, SRxH s A [
KT SEHHE AT b 25 717 FRRE B 5k HE TS0 2 P AL T A58 B FRe s FEE R A

Nk 3.5 Fiose o, PR BRI RNR 22 i sh B, [FIR LA 2R A, %L
BIAS LS RILNME R TSI 3.4 AR — 3. B, 7ERER A A B A
DR RIS T — 5 DRI AR RS (RS P ARIE

E P-value Ke 36 1R1H 0.1 A1 0.05 (BB T, 3 N4 03 1 H 2% 117 A DR A HE O T A% 7R
PR AR S I R DB T ¢ AT F ARSI, (5] I AR £k il o5 BN AR S 1R Rl ok R B (3
KF0.7).

3.6 BITNEALE t ke ie 5 F iie s R

B t-Statistic P-value (t-statistic) ~ F-statistic ~ P-value (F-statistic) R?
-1.9608(a) 0.0757(a)*
i 1.9658(b) 0.0751(h)*
HERITA 15.9967 0.000252%* 0.8135
-1.9022(c) 0.0836(c)*
1.9078(d) 0.0829(d)*
2.0341(a) 0.0668(a)*
-2.3306(b) 0.0398(b)**
HMHA 8.83572 0.002874%* 0.7067
2.5757(c) 0.0258(c)**
-2.2053(d) 0.0496(d)**
2.4333(a) 0.0332(a)**
‘ -2.7063(b) 0.0204(b)**
L4 11.9560 0.000871%** 0.7653
3.0193(c) 0.0117(c)**
-3.0469(d) 0.0111(d)**

GE: R, EHCT A5 p-value R{E 4 0.05 Hi#E T, REuE F A%, *NFRRMED 0.1 il 1 Fialk. )

3.2.4 R =HetiRRAM BRI B AR T REERENZIE

HA (3-3) 5 A g ReiRB R s K, AR 3.5 oo iR A
I e 10 1 2 1 A TR AT S B et AR S m] AR 1040 35 8 TR AT Sl 280BE R M 8 11 RE ik
BT R, H Cow KEoR, RoRHE n SRR TR AR . (5 i T R B AE [l
iR ZE, (RIS 45 RS ORI L B R AT e 8 T B, 2R3 2 Cy o it
IFEIE, ibHE SCR IR R A REIR IR OSSR T e HESCR Crny o LI 75 224
BRI A E IE LU R m,, i (3-4). FIH Cyy 5B IELLGI RBOHEAT 1 FAH
e, BIWTA5 3| HOE A ARIE =& g RZ ) S Rl e abiiceE, sl (3-5) B,

mn = Cr(n) /Cs(n) (3-4)
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Crmi = Cogmu XM, (3-5)

7E30 (3-5) W, G RoRE K AMMHE B2 IE G LR e IR HE SR, Copye WIER
ANEE K NI AT S EE R T AR TR HE SR . 3@ R RS AE I L R, RTR
b — AN B R IR R R S S BRSO kT, 1k e R AR AL A
ST AA BENE, PREIE LB RS 3.7 P
#* 3.7 MIEIELG] R 3L

Ly RIS HRA LT
0.004302 -0.0276 -0.00482
0.005158 -0.0346 -0.00541
0.005637 -0.03784 -0.00676
0.005071 -0.03498 -0.00692
0.005776 -0.0381 -0.00771
0.006215 -0.04384 -0.0093
0.007781 -0.0483 -0.0103
0.009211 -0.04859 -0.01062
0.009906 -0.04522 -0.00967
0.010944 -0.04798 -0.0103
0.011874 -0.04645 -0.00991
0.013017 -0.04421 -0.00926
0.012465 -0.0416 -0.00949
0.010051 -0.03551 -0.00986
0.010571 -0.03805 -0.0103

3.3 KEFE/G

SO 3 AT T 8 FORRIR S R R A RA R S 0T, SRR
ML, BT YR WP REIE . WA, IR DA R BRI
U B B O FORSFE VA

¥, KHEHRE 8 FRAEIRA B2 2005 % 2010 SEMOTTIFER, Bl AR
L A AT R AT BT TR BRER

(1) BABEIRE R BRI A 4 IS % T AR FE L. 1L A0 R #E
> T F BT RE . SRV IR ST RE FL R, 5 PR JELAE 0 P 59 DL RO i
S AL TR R SRR F £ WR AT I . SOLAESR 09 BB ),
ST FE SRR R S VS B I ST, S0 2 428 A5 O Bt
BEHIFL. AT AR 2 IURE T & R MK
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(2) XHF 5 MBS LA REIR, MWBRITA . FHE . LTFEA DA RIE=8 X%
RE, VRIS IR 22 E2HFE N, SR ATRRm M R D . Hh BT, 10T
BANE B AR SETHFER 2, IR RS .

(3) ASCEEUME—SREER RIR R RIRIWIEFE Sk AR 20—
EFHES T g EAHRE RN S, T BT R ARG R TR TSR .
SPHFER AT AR LR, T E>BRITA>EH A

R, WNTRIE=EBIAEIEHE NGBS R E,  GeUR B = RE )R
THAEE EIAR RS . BARXIRIRI N 10748 Re Ui R & X 6] 4[12722.03,
26672.13] (Jit COL), iz T HAb 2 8. BV ReIRmH & X (3] 9[6000.417,
14166.96] (Fit COe), HIRITH REIRiHIELE 2013 F 5 HENE iH 2 T H A, I
SERFEE NGRS, FEFILTERERAREI G N EHFRRE. 5RE sRRHIE
X [H]A[7629.88, 13579.3] (Jit COe), {HEMATE 2011 4E 5 HEBE ™4 T %,

e a s ERXSR AT E AT IR . AR, 4 NPP-VIIRS %4 Hl DMSP-OLS
BARHEAL L T 5231 2005-2019 4E ) DMSP-OLS il . 78X B AN i Fit v o Hi 40, & R0 4B
Bl . B SR A e B A FE R T R T RO R RE S B HE TSGR ) T AE Y,
PR A O B O o o BRI A TR AL (3L A0 0.8135, 75 KA T
BRI GRS 0.7067, 3L 744 PR LG EE A 0.7653. IEAk, I8 R i)
WL TRV . g8 BRI, IX N JE S Mg T RBE REVRHE AL (B A ARG R B A
Ir FEAFAERIE A “HER-255 7 KRR T BOVIL R R ARIIE .
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4 FIL=EaeiRRH B =R R R

. T LLERSAT B R LA B AT BRI Is F S AE . Herb, REEN
ST REWIE AL . THAETEHES A R A A, AR KR L EHBO™ Y, k. ACAESE
3 B ARAC =48 I REIRBRHEBCEEAT T A R M ST SR, IR AR AL R PR E) AT e
HldtAT 7 R AR, & A5 2) 1 g RO BB SR BEE R HEE (C) BAK
NEIREIRRRHECE (CP).

55 4 B, EX C M CPAERZYEE AR S 7 Rt T 0 5itig. @i fiFh
ArcGIS10.8 X B HE AL BCREALAA T AT S5 LSRR HE I ) 22 S R BEAT W AL 2 3L,
B Jr 73 BT 5 AR HE 2R A =48 RS HE R A I 2 Y A% Ry A 2 1R Bl AR ALE

4.1 R =& reiRkA B EERE

ARSCKA A R T R THFEAE A S it HE R o EZERIA ArcGIS HAX 4L
=AM REAE 2005 E 42 2019 FEHAIE (O LN ATE (CP) ##1T T
AL IIEIRT o A B ArcGIS10.8 W5 5 Al it B 25 (el kAT i s . JRiE I [ AR 2532s, ARYE
HscEE B DX TR RS R AT TP “ARHEBC S “BARHESC S “ RS8R “BomE
A ULR “rmHER. P, RE R B H EHK AR fA% R s e R A S TR R S 2
o

4.1.1 BFHRETHRIL=HERRAN BRI SRERE

b =48 2005 442 2019 (8], 12T RE PR RER B SUE (C) 34T 18K
FIRRAL,  HC P (R AR 25 SR 4.1 o

26, TERHERECR S50 kA, 2005 4 36 AL T B HEBCES Y 70 A A% SR AR AR
T 2010 FEBCNIIAT o BEIGHSJRTE 2015 48 KR BEIFT I H7E 2019 4F75 2 KRR B 1 OR
B, HAKRIN: &8 WA fE 2005 £ S0 MBS — HA #—1HES . 2010
SENM AL Z B TR/ A%EL, A AN Z T6. 2010 &2 2015 SE4% JR i R FEFE 34T 4T
W, ZMAESEBINE. X—OE 2019 F45 3] 1B RELE .

AR AL =48 20 B HEBCE B S &, ROV BB HE R BLAE 2005 F11 2010
SR S ARHESC A “CRARHRRC 2 R, BEAROREAFBIRAC. B T 2015 %
JR ST, “CHRAEHER” AN CRURHERC UG, BAARHERGS B WEAL, B E 2019 4F
e | B AL HRRGES 3, AR BB e A s HARELE 2005 A1 2010 4 AR HEL
KA R 4 MR, HA SRR . AR TE 2005 FEAFES w0 “ Bl
CrR SRR DR CBURHRR, BB HESES F . HAE 2010 4, KA RERAE
TERME, 2005 FIRAFAEN “mH” ik, FEHILT “MRHR 288, Bk
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4 ARAE="8 REVSRR HIF TR (1 I 20 AR SR AR T

(HEBCEA TR FEAG BT 2 A 9 HIX —Z2F07E 2015 153 7 RORFR B M RE LR, “ B mHE
5 SR AR B RIS BRI SERAEE . A 2 2019 4F, HMER
JRAESBUN ARV R B BCS AR B Bl 1 1E [ A2 5

C 2005 @ C 2010 @
W. ‘E ‘ W "E

| RS
RS
R
P et
| R

C 2015 @ C 2019 @
W4 FE W7 rE

| EEG
P et
R
P st
B i

520 Miles

#2860 520 Miles
I | I I I

K 4.1 KL= 68EmABE 2005, 2010, 2015 % 2019 4Efr)45 (8] 20 A6 s 10

27



ARAEARAL R Bl AR S

T8 T AE REVR B HE B Y (A% SR AR A - 5 25 MR AR 58 4 A IR IR . 3L T8 1)
REVE IR HETAE 2005 F 2L “BmHER” 5 R EHR 2 HEIAFRIRESR, 78 2010 FFREAA
R, R IONFFTRE TR SRR AR E A R . P AR
2015 FEHCNEEMAR 2B, “mHERC M B 8GR T R 3 B HROE R
I HIXFERIE R LT R 2 T 2019 4.

B, AT AR ARG R, MARIE =2 36 ANHLZL T IR A R 7S A )
BT M BEARPRA T 18 : (1D XTI LA T kU, A% 2005 4F, 2010 4F
P ARHEC” 282 G /R T AR PR T, A2 7 PG Ak 75 1Al (55 55 e /R T AR IR 7, ARk
T AL B AR . AT RIAR LA T RS, 7R 2005 F1 2010 FEIORERE “RAKHE
B HPIRAS, R — B E. 2010 2 2015, R KIESAE, BRIG/RIET 240, AR

“NRHER” 3N “BARHER . AT B R T OIS LU T AR RS T T AN AR AR
Ay RS, Horp LI N B BRI, BT 2019 4, BEIRIET
B HE R R I AR Sy AR HETR, PRI . AT DL A A AR 7 i AR Sy « A HE
HIbER, #RTRCNE N 2 A R i, HRMGTHS R IR . B
TLAE TR HEBCR: (O WIS 283 78 K BT DAMERE Sy, 7 30 b X HE RS = B — LR
I, AR XS SR AR A A0 B B HHFBCE Bk E &

() SFFHEME, —FFiH BRI R BONREL AR R L “Bma” hE.
2010 4, A& RE, &4 9 NMHE T IR RER — S, HBEERIE R
B —% . KAETMERATEZIHE 2010 F5WEME—1 “ARHEC #)5, s, 1Y
S AT S E R T AR AR SRR A% R, R AN T AR R s
i 2RA . AT 2005 4E, TR KRBT K. M RRSHEAZ S 2015 &4, IEfA
IS BIAELE . Horhr, IR AREFE IR TE AR SRR AR« BUIRHE
T o ST A A TH ALY T ) 43 )3 — 28 B i A g B e A e, AR T
A, 2019 FA% AR EG,  HORAR T IR TH A A T B HEBCR R IE AR, R
Wk RS —. & RE BRI E (O M A R A RO, HEios
JRZ TG, (HHERBGE S R 1A LT I HE RS & .

(3) ILTEAE 2005 FREPRRRHE R SR MRS Jo AN BB I8 B R R L, BN B
—o HoA, Br T IRBH T AOE TR A SEHEC 4, KR TN “CRBGEHER. 2010
CEAE SR 2RI AR RO AN, SORAE T BB W B PRI . AR T DU AR T R
B “mHERC FTEARLE R, 2010 2 2015 4, 14 AN AR Ty ) # R FA 1) HE
KIEARE) “ S BB FES L T4, RT3 TE E R A CBIEHR ™. &5,
TR G A AR R R B B T 2019 4E . X TAAE 2005 £ 2019 AR BRHEUE
K R T DAERE S, A% R S — ELER T W B, HEORE R R 2
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4 ARAE="8 REVSRR HIF TR (1 I 20 AR SR AR T

4.1.2 ABIRETFFRIEZEaEFERAMBNRZRERE

CP 2005 @ CP 2010 @
WA rE W. ,.E

[ KiSian
RS
R
P sk
B

CP 2015 @ CP 2019 %
W4 rE . W1 TE

| RS

P s
| s
P et

520 Miles

v
# 26 520 Miles
1 ] Il Il Il
. .

K 4.2 ZRIL=8 NBGEIEHERE 2005, 2010, 2015 & 2019 4F 14123 (8] 79 A 15 0
REJR P VH FE R AATT R H o AR s At A = R R BB e . i N Y RE IRk HE &
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(CP) & kMl i N AL SR HECZ M 1) R B G R br. BEA A E IR B N353 &
A PR, JFREA U &5, NOSHERUR IS R HIE BRI =4
TOW 2 TH I X REIR B HE R B (CP) #E4T ArcGIS (UMb ER 2 [HER:, P HLET AR
W S 5 R EAT BRI, Wl 4.2 s

o, Bk L 4.2 Bt 2 A REIEIRAFBEE B R, 1 4 DN BN TR EL
HZ 0. RN, WL 4 ANEGIIARL, ASHER DUEEAR TN P -2 T3 R Je AR AL R B 30N,
HA I TR . =N N3 BRVRBCHE R AR AR FE /N BRI O 1T
B EWRE BRITA; AR AR ACHE O BB HE SR FE B /D B AR . BORTT
A, EHRE. LT

RIL=H R EBUEAEHN AR, FLRANOEELE LR, RIb=4E%
—BERIEFFEIMER, BAXE 65 5 LU LB AN SWEZ, R E—
FEFEEMIN LR o 13X — R A H AR N SCIRGLATETE sk REJR TH FE DL A N 35 Re 5 VE #E A HE
R 2R PR AR A A AR AL = NI REIR B HE R BN = 5 ARV A =
ANE AT X6 EE A8 AT LR B

(1) BT NS REIRRHEE (CP) BRI 5 AR R 2 o T AR AN 43 1,
{EARL AL B X IR BORNE T . 78 4 NMEMH, 13 ANHTTHERBCR AR AR AR X ER T 4
TRTLAE TR E R T Ak, FAR B# AR v T JR TR T LUR IR LA T . (E T A3 g
PERHEBES R R IER T, SRR G A, 2005, 2010, 2015 LK 2019 iX 4 NER L,
HEILH AR CBGEHERC CR AR A CBURHERC AR A R

(2) FHME ANIBEEIHEE (CP) HISBAF RIS 4 MEM B NZ TT.
2005 4, EHARG 9 NG RIS FHHEBCR B R . AR 2010 R, ANAE 3 A4
TR A TRRECE, VU (O “ AR AR CBURAR ) ZE M AE A T
CRH “Bemrfn” AN “HR S . TR IR RTEAR W R A AE 2015 4F, X —4E0
kR T KBTS DT CUE T REA AN, HAR LA TS R AR T SR R R SR T
AF, R A RHE R B T A AT A . M JE 2015 SRR RBE e R 2 T 2019
.

(3) FJa, HNrE T8 NBReIEHEE (CP) AR E M. X 2005 45, 2010
ERIET . B0 Bl PHRT RBETRHEBEE R 5 R T CBARHERC <
SRR AR “RGEmAC R, AR T iR R R A . X T
X — R BIEAS R AR 5 AR 25 2 5 n) S e HE B B s A . WP EE 2010 4R, (0T R A
TR HEBCEE AL A, (HFN 2010 BNEART7 AE A S, AR EIAS R AT g IR B AE T
2019 4, FERAEKEEL KA.

4.2 R = ERBA B R S ER RS HHES

FEXTHCE 2 M AT A LT A 2 )5, XS0 0 2R A6 =48 REVR B HE TS O I
ZE R MBI SRAEEAT Gt . Hodr, 2R, 51N Moran’] F1J=53 Moran’] 73 #
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4 ZRAb =48 BEVRRR HE TSR ) I 2 T AR A R R AT

XF 4SRRI A AR HEAT Gt Rk . SRR 73, WS BObRHE MR 7 T8 5 0 i DA
Loa BT 2 ]

4.2.1 RIL=ZHeEFRAN B RZEEXE S

X ARAE = REVRBRHEBCRE A AT ArcGIS $R 2 [8) G it Sk AT 1 5 23R Bl 5.,
FARIE P-value R Z #5573 AT 42 R 22 6] B AR SR A B AT AR 32, THEE 45 R UNR 4.1 P
R 4.1 ZRAC=48 RER bR HE RO ) 522 PR BN 545 R

T T HE TR R A Moran’/ Z 195 P-value
2005 C 0.62838 5.8093 0.000
2006 C 0.54614 5.0991 0.000
2007 C 0.62768 5.8015 0.000
2008 C 0.68800 6.3282 0.000
2009 C 0.69974 6.4315 0.000
2010 C 0.72879 6.6866 0.000
2011 C 0.73754 6.7717 0.000
2012 C 0.70811 6.5220 0.000
2013 C 0.64602 6.0005 0.000
2014 C 0.57169 5.3510 0.000
2015 C 0.48901 4.6581 0.000
2016 C 0.38768 3.7993 0.000
2017 C 0.43834 4.2676 0.000
2018 C 0.58256 5.4690 0.000
2019 C 0.54525 5.1620 0.000

AR =24 BRUR B HE IR 2005 2 2019 (Al 42 8 HAH L Povalue 3375 0.000, 3153 .
X ZR A6 =28 REVE IR HRBCE I A ) B AH SSRGS, R AL =8 e
HESCE R ARAE — € WS AR R AN Y, AFE 2 ILIEADE, {H 2015, 20164 2017 iX 3 M
Uy IE A S 34855 (Moran’] KT 0.5), 7E 2011 A1 2010 4E [ 1E R AH < FE B 25
(Moran’l =T 0.7,

4.2.2 R =HetiFRAME RN R Z ERBIEE 5

XS FR A, R E ARG, AT DR s T S ARG BT R R R I 2
PEANFR AL BEAT R 3 0 20 o S8 3 IE Rl 2 () H ARG (“H-H”S “L-L” 85 ffia =
MR (“H-L”. “L-H” 58 TP XK mRE, w43 44 iR, B
Jext eI HECE (O, W 4.3 fiR:
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CP 2010
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L e
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| EgiEeE
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CP 2019
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[ P
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Bl 4.4 RIL=% NIRRT (CP) JRMUE MR (LISA) %[5
(1) ZRIE=4 36 MGy, JRses 5] B A0SR 2 X 3 EE A rh - R e AN
LT . AR IE A B AH SR 70 A B om 2 1B A5G, I AR SR 20 A1 A% SR B R
e Horr, “L-L” SRREARSAT RTINS M s, BT R AL =4 X
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ARAEARAL R Bl AR S

EXI, “H-H” XU SARBUEIL 74 F 3 A AL T i $os Fsth g i o 1 o
T A SRS R kU, BB, PL“L-H” X8 E. FIFE AR )=, “L-H”
X35k R A B R 8 AR T8 I, “H-L” X4 A 7E BB VT 48 F &5 M A i 2 0

(2) XFEE 4 NMEGH LISA #8 )55, 2005 F1 2010 4% B HEFIE 5L, 2015 F1 2019
FERBONEML. 15, BRITALE 2005 FF 2010 42BN KEAK “L-L” X4
RGO, 15 2015 4F, “L-L” XA 5 ARA 3 TB N, RN B RITA NI T 14 “H-
L” Xik. 220194, BRITAHMN “H-L” XIGHEK, ME—RIIW “L-L” REEHLSR
AT .

(3) HMALE 2005 12010 FHIEER DA AR —, HHE 9 NPT 2005 4
A 2 M 2PEZRE (“H-H” XD, 7E2010 4, R4 2 Ml EMEERE
(“H-L” X3 “H-H” X3, ML T, 78 2015 FFEREETHEFREK, 4 4 HH
B3 QA “L-L” XEM 1A “H-H” X8O, 22019 4, HEKRREAL, SmH
KRG AL, BRI L-L” X RAE L, BEA A s SR A B R A .

(4) T TEBRERIEME NG —, 78 2005, 2015, 2020 {XAF{E “H-H” X Ik
“L-H” XSIEAF RIS R, 2010 45, W4 5 35 X 3348 “H-H” X 38 WELEH RRE,
BNREXIEK L, Hd 2010 EHERES . FRAERI, 747 2015 £ 2019 £
(1) LISA SR E & . 40 A AR AL = 78 4 — 3
FHk, R N O R ZRFATHLE, S AR E (CP) #4704, WK 4.4 Fk:

(D KR =A BRI KRG, BRI 53 XA R R A HE U I B b
A ANFAR ], AUAE BRI AE SR AL B S . BAEARERES, UTaEsad
CERX . NERMAEE, EEKRPHI T “L-L” X, “H-L” XM “H-H”
X, FE, LA “L-L” XAE., FEMRAXBEEEFTERITE.

(2) 2005 A1 2010 “EHI& R ONZ T, 2015 F1 2019 RIS BN —. BT H
FELE 2005 F1 2010 4F, B3 A~ “L-L” X302 > “H-L” X R, #HEN 44 “L-
L” XA 1A “H-L” XIRFH . BEJE1E 2015 45, “H-L” XIH L, “L-L” XikthiE
B o [FIR, ARG — A D IR R AR E SRR T 2019 4R

(3) ST EHRG R, R 2005 4EF1 2010 4F, BEXIRM 2 MTEE 2 4 M
i, [FIRFAE 2010 I T “H-L” X3, 2|7 2015 4, HME KA R B I iGE
TRk, NEIHDER “L-L” S£RXE, 2019 FIR2Eut.

4.2.3 I =H iR ERIS AR o

ARG T, F BB X Getis-Ord G} i 2 A I & BEA4 HE R B4R JR R AT ¥4 57
AR BIIX 43, AT DT X TR IX 3o FEIRANER S, STHERUN SR R FE R DA S 4R
RRFR A B ArcGIS10.8 BE/T T Getis-OrdG; H5 5 Al S AN B4 25 B A Hb HE % 42,

K 4.5 (RedRmHECE O K 4.6 CANYEEIRIRHEBGE CP) Fis. X RedRikHER = (O),
WK 4.5 e
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4 ARAE="8 REVSRR HIF TR (1 I 20 AR SR AR T
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w4 e w4 VE
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] iz
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C 2015 %% C 2019 @
W4 FE W rE

[ REXELE
] s
[ ] amx
[ samix

520 Miles 520 Miles

1 4.5 ZRAC=4 BEVEHETHCR: (174 Fh i 2 ) 23 A1 5 150
B, AERXAHREL T W X CIRA R CREXC R X BLUR <3
RIX7 5 GERRIHAT 3 Ge VA XM IXAE ZR A6 =48 B 0 A XL B B AR 7 [XAX
FETE A AR D, AXAEIL T8 15 Bl iy EZ TS . % [XAE 2005 FEAUAFAE
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TR, Hb 7 Mg dET A7, 6 Mg R W SX 7. 2010 4, #H
MAETFEE I 2 A “WA SIX 7, 2015 4812019 FEHEHREAAXZHLZ, H5HE3RE
B B AR R R . BEARYS X 4040 IR W BT AE NBaE I, (R AE BRI AN
ELCEEE NS

FLWR, XTIk, BARRX A D T IX A o 10 T8 SR I IX 74,
TR 5 T AR AR B B 2 T R B X SR 2005 R, “HAGTIX 7 BIEE R
DT CRIAGTIX T, BHZE 2010 F “HOTX 7 BRI N, HIX—EAE 2015 52T
R, FRBMN “RHGEX” NEFRER BN “dExX” ki, “JEX”
A ILAE 2005, 2010, 2015 FFHEH ARG N, BLA 2015 F12019 HI B EILAE N

Ba s BB E NI R RE, BRITA IR H S 2R AL B 2 /A 78 2005
F12010 FEFLRFEAAR . 2015 FEAHET 2005 SR BONIA S, #4> “¥ fIX 7 AR “IR
AR, AT ZRACKIRE) 3 A “RA X7 A X7, I 3 AN R I 2019
SEARE| T RESE, 2015 & 2019 FHM ALK, F 14 “WiX” JARN “IRE &
X7, HEHEE 3 NMEOHRBNE RN, 23 N FME— T T RS X
I8 43 2005 4F IR “RIEX 7 FER “RMGX” F X PRI .
FE 2010 4F “IR¥B KX 7 BWHE N, 2015 4 “RA& X7 ADER “W X7 G5 73K
AU R ) B . HLR 2019 4F, HARE W X7 AT, B2 H R
P, 3t YA RX 7L 4 H R SIX T IRHEEE R R . HRIG AL T IAX
TR, M RIRAARFEE R I 7 R4, “HE X7 FTENIERIE A BRIz 4,
M 2005 A 2019 4F, “HAGIXT RIFEWYECEWL, HESTHE, FEAE 2015 A12019
SRR L AT T B DR A o
BHEE, s ABRRlERAE (CP), WK 4.6 Fik:

B, EMSE EAMENER R, N5 RIR B HE R A #A R AR B R AL 2 A A R iz i
e REIR B HE I B A R EE 2 U % . VXAE 3 MEM A —E MR, R A XA
HEE TILT4 .. ABENERN L, AXE 4 MEGRIGEERZIZHA K, T8RS
EIRITAEFEH G . FR, 782005, 2010 BLJZ 2015 4F, “W X FEEHEZ T “Kk
A RUX 7, BAE 2019 FEE BB B> o X T 3UX, BEAR B 7 AN 738 78 2005, 2010
T, BRITEINA KM ZIEH X A THX (B “HAEIX 7). BEJEE 2015 A1 2019 4,
HILT HABIX, REER T “HOTX”, SR TR T “RAOTX 7 IR R
Az, WAk RV B BRARCE ) R AU SR E R Ak

ok, P E MG R EIEN, 4 DMFEA ], ERE R IR E i, RS
H T AL TR LA B LA M T . REAR SR BUS SR R BN A4 10 . BRI AR AL i 94 3 B
RKIA, AXAEMZ, RXEEATRE, “JdEX” ®amE .

g, AL TEEAT AN, TR XA R X7, AAE 2005 AEF]
2015 SE AT 2 AT M. I TEAE 4 DA, 2005 A 2015 B R2E
fEL, 2010 A1 2019 4RI T3 b —HAHRNE R o X T IR R oK, BEAARFAX 1) 70 A 74
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4 ARAE="8 REVSRR HIF TR (1 I 20 AR SR AR T

JE A BRI ER I, 2010 4E. 2019 4E. 2005 4E. 2015 . [AE, T8 AWGEE
T HE TR (1 A X 5 i A 55 T RE YR B HE = I I X R BT
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W4 rE W‘ rE

o ¥ 8 ¥ I
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K 4.6 b =8 NI RETEHRBCR IV H s 22 18] 73 A 1
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FRAB R Sl i
4.2.4 Rt = e iRk A B AR EEHE S 4

T Yo} B Ik HE TS 7 B AN S (AR R B, A AR IR ANER 40 i SDE S 3k A7)
MALIZRIE . S AR Z MR 2005, 2010+ 2015, 2019 AR A6 =24 Re i HER & 1 &
77 1 FIARAR G BB AT e, b AR BRHEICE: (OO MR RRIRBHEIE (CP) NF 1k
() ArcGIS A #RAL 7l an & 4.7 F11 4.8 o

d. b
KN Jep i e X
[T
ESSORil 27 WA i
T § 4:/\, .
i Ebd Tl Al “5\ g (CITREE: i
vt . L
FARII Ty A 7 SR
B e N :
% LTS, "“ ﬁlﬁfiiﬂlmﬂwq i
2 %
W7 a'::m\“‘ %
".‘!lg"m:m
o
Kl i3 S
oA T ZE L e 1o A BE B M
Wl ]
AL
kg 1l i J— %, _ i
] E o PRMEEHART 2005
¥ 17 B TiF PN T "-'I":I--u
H — =)
g FE b bRiEZENE 2010
IR ! ; et - o
i1 PR 2015
B .
2 bl 2019
0 130 260 520 Miles 0

520 Miles

Bl 4.7 KA =4 GelEmrRHBE PR R A SL (a RIEHXRE. b AR
B, AARIE =2 AR BRHF B AT BEAR DX I8 4348 RUBE ) 434

1) AR DX S bR i ZE 6 AR 2 1 R 1 2R A6 =48 Re IR AcHE = 1 = O #8807 [l
DL HERCE VG B A3 . 2005 20104 2015 2019 )b i 22 0 [ 85O A8 5 DL K AR Ak Vi
HECNIE, 4 a PR, BRI Be IR B HE BB VE MK BI/MK I, 2015 4F. 2019
fEL 2005 4F 2010 0 AXER Y, VORI ARS0E U] & T HEBCE O R shEE . 1Ak,
M I EE AT DA R B AR R R ER BN : 2005 F 2010 4E, HEHCR: Y 0o B 2 7 7 7 7]
BEAT T RB), FETOE R4 N R, UK O B AR AL T . 2010 AHER 2015 4, fiE
TERRHECE Y SDE 308k B N B . B O SRR mfssh, FRERE RHEE
R L, 3T T KIREVEREY 5K . BRJGTE 2019 4F, BARKIB S ERBONEA . AETRRRHE
JRCEE ()Y AHER 2015 4 3 B EL T B AR O MU R AR PE e 7 RV iR AT T /MR BE R 5

(2) M E b BRI, BIRITELE 4 DNMEG RIS HEZE R 20 H— 2 1
HEWA BARFRI N, 2005 5 2010 —MHLLE SDE 280 45, 2015 12019 A
FHF—A>2 2005 2010 X 2 - Ae AR B HRRGE Bl R KT 2015 F12019 4. [FR),
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4 ZRAb =48 BEVRRR HE TSR ) I 2 T AR A R R AT

FURHEBU B SRE, 4 ANED 55 I BcHE R O [ — 8 S m i AE R R R HES . A
S0l LRI 4 DNEG RN IEAE A, 2005 SEHERGE Bl 2010 4E37 5K E44, O IR 2 4
I, TR 2010 45, 2015 AR T — MO R R E O R PEIR R R EE RS, HEREE S
FElR e . )5, 2015 421 SDE ZECIRAESAE 2019 FA5 2] 7 EONH BRI REF.

(3) HEMRAELE 4 DFA BRI R FF ISR B AR T ZE A 5 20 A FH BB I VL8 A V2 AL
Ab, 4 ANEA HERE O REE— 80 RICNTALR R EE . ] DUARTEABUE K H 5 N
2005 12010, 2015 12019, 2 4~ SDE 4G . 4 MEMRE, RRIRBHPRE M40
ERIAEE W b, JEEERAER. S0kRE, 2015 A1 2019 #2005 12010 4,
HOMARIETT R EH T B U7 #4773

(4 LT4E, EA3INMEMP 2R DE D, W B b s, JLFEAEA
1o BEURBRHEIE ) SDE S4B AR A MR I MNP R BRI, JEEECA %2 HEORN
e

Cp

S 1 b i 2005

w

Tl b 2010 ]
bt zos
bRz 2000 3
H

!

0 130 260 520 Miles

Kl 4.8 NI REVRAR AR AR ZR AL X AR vHE ZE 10 ]

RIE=B NI ) IR &8 — N EE A S, R HERCE AR 22 347 /3 T TS
SRIBEL T NI REE R HE SR (CP) #HT SDE 28041, HT ArcGIS10.8 HI¥E %%
ATAAL T ] 4.8 Fios .

G, ARG =5 XA IR N S5 B HE TR R HR OIS BB A L R TR AR K
HAMEOHE K, 2IRMATERE-RILRES . N4 DMFERKRE, 4 1) SDE 25
VLT ORFE—5, HELBECAHE.

HIR, BEOBEMKBIMER A, 2010 % 2015, 2005 £ 2010, 2015 % 2019, [A] i
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FO AT FARIRER I, s 2R, BARIEEPE R . HARAE I PE R

4.2.5 R = H iR HM B KEBEE TN

FEXTREVR B (C) MAIIREIEIRAIE (CP) #HATHE, 218155 M FEW 72 (1) [A]
I, iR B 3G K AT (R Tl 2 o0 B L o it — PG K gk AT A0 4T
FEIX AN S%] 2005-2019 4RI =28 Mg i R REVR AR A 4% HE SLOPE (1)) 2845
HEHHAT T B EIEIEL, 5317 “SBIK A7, “EBIi A 7, “ rh K A 7, Pl
R DLR BRI 5 MK RIX I, R 4.1 B, BTk, FIH
ArcGIS10.8 ¥4 SLOPE M5 45 5 B A% (A F A7 7 42, 1924014 4.9 Ps AR A6 =48 B
B HE TSR A A 2T 1 2 () o AT A 10
4.1 RI=2A R8Ik AR KB SLOPE 432K [X 6]
BKRA MK RIBMKAE hEUNKR BURMKE RN K

SLOPE <16.0 16.0~47.5 47.5~63.2 63.2~78.9 >78.9

WA 4.9 FAEE, ATBUE . Eee KM E b, BARKIE =47 2005
£ 2019 FE[EIFFAR BB R, FIF, PRI AR R T AL ST 2 A4
T L. ARG SERL L “ RIS I KA T “RUR IR KA D R =AE
T W REIRRR B KRB BN &, 4 PERAEE U, ILTEEE 3. S —
IREM B HFBOE KRR A, (N 2 R R,

0 130 260 520 Miles
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4 ZRAb =48 BEVRRR HE TSR ) I 2 T AR A R R AT

4.9 ZRIE="8 2005-2019 “F HEPHHR R IO 3 22 [ A 1 L

HIRAESE SR o3 A b, BRI RRBHE T . AT XU L AR P T oy Aok
PR, BT A-C AR TN “ PRI A Z Ak, o HAR U TS 2B B e Y
KR Btk JmR R IREARE, HRELE 2005 2 2019 4F[A) G P AR 86 2 bR
ICYRTT 2B “BBI KA 2 hh, HR 8 MTG —RIH “SARIKAL” gk
Fo mMWEEBABEEN A £, EXBNAERENRI. &JEHALTE, LT4E
(14 i eh, AOLRHTAL T “ SRR (AT, BT AGE T AL T “ RIS K
R b, HA 1L AT SR AR I T A

ZE EATR, ARAE=AE BRI IITE 2005 2 2019 FIKHER, BAXIHEIR
T IR =AM R, SR R BAA R IR BRI BILE . ILTH . &R
Ao

4.3 BENG

SCEAEXANER Sy, FEX RIC = BRIIHER (O LA ANYIREIRHERRE (CP)
BEAT T B 2 T 1) 2 (R T AR TR AR AR 2 NG T o AT 2 T 25 00 S B AR IE R

B, SR MAEHATR S AR 1 T2 2 A 2005 2010, 2015
H1 2019 5 4 NEAY JE UCRIEZER .

(1) BT 36 AT REVEBRHERCR I 25 1528 KSR I M 76 50 1 X HEBOR J5 2
— HHCEBAR, AR EHL X B R AR AR 2 e Bz, R HEE R R E R . R
T I REVR B HE I 2R R DR HE O =, R BRIt ss . (HEK G 4tk
A AR 2 R A

(2) HMRE BB IRHE R R B N Z G HE R, A BRI 7 W2 BN
ER, M—FFiaM “RBmdi” R ET, ESREHRREE %, R,

(3) XTI TAKUL, BRHBUS RATRRITE BN, BOR—. BRI
R AL R @, AR aEHUE L R EHR T N, RS8R A R I ) sk
A R ik, T REEIRHEBCRE (O K&, 3 AMEMTE 2015 £ 2019 FHEARFEE R
E, HRECNMUN, 2010 F 2015 FERIEARER K.

SR, TN BRHE T BTGB AR AR UL, SCE R T Ay aelimdi e (cP),
HPAFRER 5 3 AE 2005, 20104 2015, 2019 4F 4 ANEGYHEAT AT ARAL MO [X 07 25 8] 7%
R AAEREAR b, T DU IR AR AN 4G P 2T A% R ARG AR BE RN, HAR b 4 i R 4R
Ho =ANE 0 N BRIRRRCHE R AR R S /N BRI O W ke BT
A (A N REVE B HE s B B ORR B H /N BRI . BT . SR T
Ao

HIK, WEEBEESREA;FATRI DT

G —, T EMHERE.
(1) F24848, #EAT T A= sl R (O WA fmasia) B AR IEST T LR,
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SEIREIR, 2005 & 2019 (A4 J5) H AR p-value 33124 0.000, Y2 R8 IERRHE R 025 (8] 42
R F AR R 2 o RAL =4 IR HE I E R ATAE — 8 2 (AR SRS, A 4F RILIEARC,
fH 2015, 2016, 2017 iX 3 MER P IERIFHREHEES (Moran’/ KT 0.5), £ 2011 Al
2010 A/ IE [ AH G FR BE L (Moran’ 7 15T 0.7).

(2) Local ZE==F84, i X Jay i DX ORI s X 3347 1 AH S AR SRS i it
IHT. RN, RAC=5 36 MG, R R B A OGN B X R A R T R
AL T4 . [FBTIER AR 2 T fm EAEDC,  1E A S A e Hp Al
i, “L-L” SERBARSAM T BRITE MG R, BT R =4 X EIX
o, “H-H” DX B R I AR L 748 A0 35 R AL TPk R /D Hoss b e i . T B )
RO, “L-H” XM mEcohtae, NELTERIE, “H-L” KRR ERRITE
MR H LRI

SR T NI BRIRRCHE IR (CP) Sk, BARZRAL =48 0 JRdeBE 2= 15 45 0 3 XU
Ay XFIERU 4 NMEDRE, IV BRITEMERE L —EMEE. NRUMAEE,
AR ILT “L-L” X3k, “H-L” X3 “H-H” X35, RN, PLCL-L” XN
Fo FERMRI XL R EF T BT 5T 250 3 AR AR LT8R 2 4RI 2 R,
REVR B HE R IE & N X BRIRRCHE R AT 4 M 1R BTN .

B, ARSI,

(1) ¥ XFNEIXAE AR AL =48 10 73 AT DX 8  h BH Sl R, ¥4 IXASUAE o5 bR A R
LA RIS, WXL TG RA FEMESE . BARA X AT 2R N BT
BIEN, BUERRITAMERERE TR .

(2) X T NSRRI (CP) Rit, NI ReIRRRHE & 174 i R nT AL 4y
ARG Iz Izt HE BE VR R HE R RS R B L e IR 24 . VX AE 3 NE IR E — 2 IR,
[FI A XA EUE T T8 R IIRI L, W IXTE 4 DN R ECE 2 1B #T kA 1,
FEM T BRITEMERE

®E=, REEME

(1) MIRAE=BBARRERE, At 221 B I g 7 B IS 1) 22 ) XA+ 3 XA
HEBGE . B X S BRI HE R (O TERIMREIMEIR N, 2015 4F, 2019 4. 2005
L2010 . AR, AR SR R B TSRO R SR .

(2) XTEILERE, BRILEE 4 MEG PR HEZEEAZR W 2 —E HETE
o BAERFRI N, 2005 5 2010 y—MHLLY SDE 230502l &, 2015 1 2019 455 4h
—~. 2005, 2010 iX 2 FREVEBRARBCE M HEBOE R K T 2015 #2019 5. [FRS, 5t
BcHE R LK, 4 AR AU B E LA — 8 S E LA R R HES

(3) XFHEME R, 4 NEG R OB, RO AR . el
FRIEAR AU 2B H 4> v 2005 F12010. 2015 A12019, 2 4~ SDE ZH 4l 4. 4 NMFEGE],
REVRBRHEBCE AR R R IE RO 1, Ju B A E R

(4) WL TEK, LTH, FR3DNEE TR BENE G, WS LT- A
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4 ZRAb =48 BEVRRR HE TSR ) I 2 T AR A R R AT

th. BEVRBHHERCE Y SDE SEUB R mH i RPN FEm 2 4R AL, JERE Nz HE O N
JEH

(5) ZRAb =45 Hh X BEAR P N 3 RcHE I B HE S BB AR 2 L R e HE TSGR R, L
A EOEINKTE, RORMATERE-RALK B EOTAREIMEC, 2010 &
2015, 2005 % 2010, 2015 & 2019, [FIAf SO MAR0 7 mARKIKRERI, Bt & ARk,
HARIEH e HARIEr R .

HREN, BRABOE K& SLOPE )%

(D) EBKEM R EE b, BANRIE=A1E 2005 2 2019 FRFFAR HIL “ B IE K
7, [EI, CPOEIE I AL AERS R TG AT T 2 AT I AR IR R DL “ 2%
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