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e A L RSETVPAL T = e A5 245 28 U 28 JBR 1) 34
BE AR AL It X N9 Bl 9 S o

A bR VAR S R AR X AR
1R AR B AR B HL K AR D A B B, R
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1 HREEERSHFEE

1.1 ARXER
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FHZ1 25 500 km?, #§4K 2 871~3 870 m, J& Bi] |- i
T FR ] i A VAR X SR T A A R A
T (B 1) o H AR H IR 0.86 °C, AR K

311~402 mm, 478 & i 1 528~1 937 mm, " fi T4
FEVy RIS T R T R KRR A
SRS R G TS MR R i | 1y FE iy 5 U
JE20 BB R E A W — 15 J2 B VD b, AR
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2010,20204F 3 W% . LRI AT LU ER =
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GIS B £ 5 brics 0 AL I 53 SRR, HE AT iy AR I 2%
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2.1 HEEBRAERIEHE(RSED

LN F b A AR A BE I 55, A A R AL, A
TR FEV K LT . ST KRB R,
KSR MNDVI, WET, LST 1 SI 4 98 ki # g M 0
F b B 3 BE AR SR WA B T E AR L, IS
CHEB PRV B AR LN 1 53 e br o, L 0.2 2 [A]
B, B A 23R 0 43 0~0.2.0.2~0.4.0.4~0.6 0.6~
0.8 F110.8~1 4L 5AM45 5 sp it 25 s — Ml R
I AR

RSEI = f (NDVI, WET, LST, SI') (1)
AP RSEL 38 A 354880 NDVI . WET (LST ST 51
DJEERIE PR AR T R
2.1.1 REIER

NDVIAE Jp 9 78 36 R B E A8 bR, BT 36
52 1) 728 AR Jm 6 AR e A, 2 A i R AR B (1 A v
feFRFR
bnir - brsd
b (2)
R NDVIF R G BE48 45 5 b, A1 b, 77K Landsat 14
UTLT AN BT (0 35 BE U %

2.1.2 REIER

- B Y e TG R A AR A b S DX A A
BT T B R0, 2 W b e PR B Y AR AR . R
PR A5 40 R 8% AR A b SV 1 SN R DR R FH 2R
A N B Ay R SR bR . A AR B R
FA R,

WET,,, = 0.0315b,,,. + 0.2021b,_. +

green

NDVI =

0.3012b,, + 0.1594b, . —

0.6806b_,,, — 0.6109b_,., (3)
WET o, = 0.1511by,, + 0.1973b,.., +

0.3283b,,, + 0.3407b,, — (4)

0.7117b,,,, — 0.4559_,,

2 By b geen s Broa s Do Doy F b1, 5311 J2= Landsat 5%
B ok AL GELLAN LA L R LA 2
B,
2.1.3 HEIER

PR F5 A5 18 kD 3 i E 38K |, Landsat5/8 Col-

lection 2 Surface Reflectance H' %4 6 i Bt FIIES 10 %
B Ry M 2R ViR B , Landsat 4—8 % 1 il 2 7= i (i
519 0 e T2 58 R NAS A B 1 S 06 2 A 1
F¥ & 19 Landsat & 171 3 52 5724 B, 38 18 B A3 R -4
ST = 0.00341802DN + 149 (5)

P ST RIRE (K) s DN Fn R IR
214 FEHER

H T RSELF5 B0 52 H 3= S 5 0T A A8 34
BEVEM, Horp i T B R bR o AR AR B (SD 5 IR
TEEC(IBD) — 5 W™, 25 BRI ST X o 5 1 AR
F, BRHCR R - 8 BRI
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A SR T EFEHR b,y Dy Do Al b, 5359124 Land-
sat 2R I L0 W LT £ A0 RN 20 A 1 I B
PR,
2.1.5 K{EHEEE

RSEI 2T [] fifi M A= 25 R GE T R 0 AR 54640, 4
WF5E DA R BRI, S (05 32 3 BE A% L AEAR
FIBRNG O, N R K SR EOR K AR

MNDWI _ bgrccn - bswirl (7)
b reen + bswirl

2 b, F1 b, 53 B Landsat 5218 o 4 €0 R
AN P B RS
2.1.6 FERHADH
5 i S S a1 T S e A N < P T o9
1T F B 40 0T Z 00, AR B A T T i WA 58—
W A FEAR AT IH — 1k, [ HAE AT 0~177
B, - B,
4B B, ®
Kb 4, TR i HER A —10{H s B, B, F1 B, 77
RN iR bR AR (E e/ MEF B R AE
it 32 A o M SE R A BRTSE RSEL ¥4 4%
P E DR KR FAE RS — F i (PCAL), [A]
B JE T N R A O T 30 R iR 25
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2.2 HhTREREE

by RN 25— B T R R A8 EARE AR
) PRUS: DA 60 A 2SR 4 A5, %3900 25 (8] 43 57
P DL K 4 75 75 I 3K 2l PR R8T I e 1 2y i
W RSEINE IR AR 5t 50 ML LT B VB R
AR R | R R 2 R R R TR T SR EE 9 IR T
Sy A AR H SR FH DR R0 RN A2 B I 43 BT 45 BR X
AR R T AR BAEH
221 BEFHRM

PR 100 FH - 40000 A 285 I 85 10 25 (] 43 S 1k A
AR £ PR - X 28 8] 43 Sk B e

1 L
o ,,21 Nho? (11)

AP a=1,2, s LN E YIHF X P50 )2, Bl432E
B3 IX N, HUN A3 50 2 b A2 XA B0 8 o2 il o
SR R A X R YER T 2.
222 TEHEAFKEN

A2 H A TR RIS R B - 22 6] i 22 AR
R PFA 22 R 7 TRV T 2 75 84 i sl o 55 Xof X
AR IREE 2R ), B B PR X A AR FR R 1Y 52
A E ST IR T 2Z A S R A4 ML
JLE(ED):

q=1-

&1 BEFERUZEER

Table 1 Results of factors interaction

F A Al ZHAEH
g(X,NX,)<Min(g(X,).q(X,)) AR ARl
Min(¢(X,),g(X,))<q(X,NX,)<Max(q(X,),q(X,))  HPFARLALWE
q(X,NX,)>Max(g(X,),q(X,)) XL -5
g(XNX)=¢(X))+q(X)) s
g(X,NX,)>q(X))+q(X,) AR TR

3 HBRS5HH

3.1 AERERETMNER

W5 X 2000—2010 4F- NDVI Fil WET 5 $i3 Jin
HEH B K T 0.03 F10.02(F2) . i X FRE
B VR Y LST AN STAR 5 BN [R) A2 (1) T B, 40 3]
/0T 0.07 F100.12, [F B A9 RSET AN 0.40 T+ =
0.46, HIE K 15%., 2010—2020 4F , NDVI Fll WET ¥4
L TE IR BF LST A 52 3034 fin s £, STAR TH PR 3¢ K
1%, BSR4 L T i — B B A i BT (B AE
WIRZEGAE RN RSEIIF R FEAR, AL I 2k ol

Fz2 2000—2020 F£HFNE M ZIEIREHE

Table 2 Average values of indicators in Gonghe Basin

from 2000 to 2020
. EdEs T35S o T BT
A4 .
NDVI WET LST SI FEEURSEL
2000 0.65 0.41 0.61 0.66 0.40
2010 0.68 0.43 0.54 0.54 0.46
2020 0.70 0.44 0.62 0.41 0.55

# RSET M 0.46 38 K 3| 7 0.55, ¥4 M5 4 19.5%. LST
S (E AR XTI 10 4R34 T 14.8%, {H 2 STTR] FLF#AIK
T 24.1% ,1E NDVIFI WET ¥ K A% Fa 2 A5 00 F
Ui ST AE A5 PRI 1 52 i T i

2000 4F- 32 85343 A v A 28 PR R OE 1T 2 )
() NDVI I WET Wi T8 bR 8 (6 71 (2 3) , i T
B AR X — R T ZR M “1-PC1” #4710
i, DR SRR FE . 2000—2020 4R55 — 3
IR TTER A0 2 69.39%.72.99% H178.64%,
T AR KI5 B . itk RSETTE e
i 4 1T S WERIT 5% IX 0 A ZS FR IR I, Xof 2B 25 o F
WA B R 3

R3 20002020 FER ST
Table 3 Principal component analysis from 2000 to 2020

O R o WE ME TE %mﬁﬁ
NDVI ~ WET LST SI Hk/%
2000 PCl1  -0.64 -0.36 0.44 0.52 69.39
2010  PCI 0.65 031 =036 -0.59 72.99
2020  PCI 0.77 0.18 -030 -0.53 78.64

3.2 RSEIRZETL

2000—2010 47 A& Wt 0 = ke 7K 22 19 5 i b |
PEHLE VD BR T DL AT AR R I A5 Hh X AR A A
G — HBAK A TEZS AR b AR S R B e B e 2
(18 DX Sl TR — 2 44, L v % o e R AR A i A A5
IRBE O B (81 2) o T A S R 43 ) 25 b IXC, D
SEAT R Ll R L AR L A, A S IR
BT, 2Ry ks, 755 —n,
LN G M AR A S ERBE A T AR O, ] X
ARSI A F R — B B T T — A AR, i
R0 22 2 o A B3 ACAR W 1, A 2 A 05 o AR R
IRBNRAF . R, 3R P 0 2R X T T
Ly P LU AT R L — 0, A A IR L 4 AR X
S 7 11 N - 751 2 A R Sl A R
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Fig.2 Distribution of ecological environmental quality
levels in the Gonghe Basin from 2000 to 2020

INEEG A7 P R AT DL B A PR B AR B k3, (H
— SB[ AT A KRR AR

2000—2010 4145 2 Sy 2 Fl A 25 1 IX 3l T AR
59.02% FREE] T 38.44% , 1= 2SR5 - — e Ay X Ja

T U 35.15% | T1 5] 44.74%, JL-F 5 95 280 23 3
— 2 (R TR T 5 B A R A A L Rt K 2000 4F:
1 5.83% I 51 2010 411 16.82% , e A4 AL AT i
A o 7E 2010—2020 45 3 FN 7 b A 25 R84
U2t | 25 200 s 9 AR 2% g X 1 FRANCA 1 940.33 km?,
1 7.51%, 0870 7 7 995.29 km* (£ 4) . &4 — X
B AR K E 15 284.50 km?, 7 BT R 59.13%.,
S5O BB X B 4 329.24 km* 30 & 8 173.21
km?, 224 2010 419 1.9 4% , A0 o DX I 1o AR K 24 2
AT — A A 22,5 F% o N T2 bR A B LA 285 A0 4 4
A TR Y St 5 T e i A0 I T A P U S i)
T R A A SRR E AR

3.3 RSEIZh#TE

SRy 3t — 2 o3 B A g A 2 B R e A AR Ak
ATy RSELIEAT 22 (E AN B, LUCA A BEVT
W B AR FIAG ) T B bR o R A o A 2S48 B b A
R R S OB AR AR AR AiE. S
HIE 3 7] %1, 2000—2010 4F , 34 R4 A 2SR5 A
19 170.80 km® Y X 38 JC B & 84k, /i bb 74.16%, F7
6 380.38 km’ Iy IX 3l A= A B 47, o 1L 24.68%, &2
B e WK AR R I R S L — R
LR, 5 e ey o9 5 DA M 2 o b o ARSI
AP X IR B A AE N, 7 1 0.73%, i fi b
Y XA AN 0.43%., 2010—2020 4E {537 A28
B X B TR A 14 955.20 km?, /5 FE 57.85%., A8 &
AT AR 7 DX 3l AT B LG — B B Bk, o S T
(1 41.39% , 3 2L [ 58 o U 7K P2 79 e i b LA B 42
HRUC R A3 DX 7T A 2 R 1) DX 5k T AR 5 i 10 43
KA ALY 0.76%, ik FF LA S5
o IEAE WIS 5 10 4F (1 £ 25 3R 888720 4k 3 fin i
LI RR T AR AL B SRR L - 1L A

T4 AU 2000—2020 FiEBRETIBH(RSED R R AR
Table 4 Ecological gradients and area changes in the Gonghe Basin from 2000 to 2020

2000 4F 20104F 2020 4F
RSEI559%,
T FH/km? Lt A51/% T A /km? L B1l/% i FH/km? Lt A51/%
# 0.16 0.00 14.72 0.06 25.36 0.10
s 15 255.90 59.02 9920.83 38.38 1914.97 7.41
— i 9 085.20 35.15 11 565.40 44.74 15 284.50 59.13
EXad 1505.88 5.82 4329.24 16.74 8173.21 31.61
L 2.96 0.01 20.06 0.08 452.26 1.75
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Table 5 Statistics on changs in ecological environment quality levels in the Gonghe Basin from 2000 to 2020

2000—20104F 2010—20204F 2000—2020 4F

A EY

T Akm? 5 /% T Akm® 5 /% T A /km? i /%
EAL 3.13 0.01 29.24 0.11 18.83 0.07
A% 185.00 0.72 168.45 0.65 58.10 0.22
RA 19 170.80 74.16 14 955.20 57.85 8 568.24 33.15
Aty 6380.38 24.68 10 615.50 41.07 15 774.10 61.02
itk 110.77 0.43 81.85 0.32 1430.74 5.53

2000—20104

ek
P13 2000—2020 4F N F 4 A A5 PRI i A8 £ 23 [R] S A7
Fig.3 Spatial distribution of changes ecological environmen-
tal quality in the Gonghe Basin from 2000 to 2020

W) S i XS LA R o 7 U AR M X VAR A
A FTREMRAEIF R e 2R

3.4 R AHEZE
Sy BRI N Z b A AS RS S R A ST IS

RSN & , L NDVI . WET ST FI LST H 3648 %5 , IF
BRSNS Bl Az AR IR 150, 3 L
+ R 2R KR K R KT R | R
P BE SR BRAVE N H AR & RSETVE N AR 2, 1) ] 3
PHAR D 25 2547 53 A1 o 8 33 ArcGIS 4] & 2.5 kmx
2.5 km (A% I 5] 43 A R A IG5 956 AR £,
FEHR IR SR AE SR T2 AL T Excel A9 HEEEFRI 2%
BRI AT, TR FT 45 R 70 S 23 b A 25 3R 55 25 1]
o3 SRR I RIS BAE
341 BEFHRN

TE 5 PR 00 25 R vh BRAR R KT O o B2 o, e
RN F I 1% KF R FEH K (FR6) . I
KT G R T & R M 265 R B, RS AR L A oy
NZEE B FAE ", TR 45 5 S e s 0 43 b 11 Bk
MR SR IF AR A IR = A ] W SR B EH .
T RSEIJ&: i NDVI . WET . SI il LST #8541 i, I It
X 4/ F8 b AR AR PR S A0 52w 7 B A T At R
F, SO A AR IREE o i 52 B K, NDVI X A= A8 A 8
(520 55 F ST, AH A W T HARTE bR . LSTHE3 A
FisF 40T e i B T B T LA 3 AR AR . MR
KB K, 2000 AF AR AR X AR S
RBE o 28 (8] o0 A 0 R B0 sl R, i R Y4
0.40, AP 5, BE7K 32 0 A R 2R AR IR
B/, A MR 2R g (E A, 2 W LR 2 1l iy A=
AWE AR T H A FHZE R OC R 855 . 2010 4F
2 R i TR 7 5 55 AR R — B, - MR 2R AL
BB TYEE . 2020 4F K 2 P A ST,
T M A A S SRR Z R T ANE 0.20,
TR BT S0 B2 1) e 0 MR 255/ . SRR
20 471U 1) 3¢ B 1) e B8 T HE S A Rt 55 , B K L b A
PRS0 i e 1e B AR 3G 9, 43 301 1R 0.217 35K 3]
0.325,0.091 #2751 0.192, 5 Wi 77 5 &£ HE 7t L T
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Table 6 Results of single detection
TEy 20004 20104F 20204
Wy qfii HEF g ey qfii o
NDVI 0.773 2 0.811 2 0.843 2
WET 0.677 3 0.669 3 0.593 3
SI 0.871 1 0.879 1 0.887 1
LST 0.477 4 0.404 4 0.454 4
e 0.390 5 0.307 5 0.187 7
e 0.171 8 0.099 9 0.057 9
ikt 0.377 6 0.293 6 0.178 8
[k 0.217 7 0.230 7 0.325 5
RIRIAT G 0.001 10 0.001 10 0.002 10
T A 2 0.091 9 0.163 8 0.192 6
B TS GRS 6 0, A SREEEGE R K 4 348

A4 b 3 S 048 )R -
342 KXEFEN

Y AR R PR AR B 55 20 28 IR T G BREK
JIT A SR 5 0 B HA P T B S8 AR . BRI 25 SR %
B, PR ) 119 28 A FH 2 3R 0k L PR 7 344 5 RN R 4R
P3G 5, FF AN AF AE Dok 55 B AR Fph ST RS B (L 4) o
DR~ 100 F) 6 1 5 A R o A 2 A 85 7 A 4052 T e
FATAu] B — PRl [ 7 A AR RCR B B K Bh A g
oA A IREE AR Ak . 2000 4F = AR ZK 1Y)
g E K, = RN A 1A FH 28 R AR NRE K 1928 B
YERFE IR Z , g (HI KT 0.50, [l At 5 SR A 7
L HAEH I F g (B8 AR . 2010 4F =N 1
I FH 2SR5 ) e 3, 73 A A K R AR MR K 11 ¢ i
HZAMWHEARK, =& ¢ H53 50 0.464.0.460
0.457, RN M A FH 2B 1Y g (A 2 0.444, IEAIK
TR = 2020 FSIRNFEAK R ARNRREK 22 HAEH]
() g (43 12 0.517 #110.513 , 177 -+ 4 A F 28R NFE K
g HALTE 0.50 UL I, A EmE = 1. M 2000—2020
R T 2 B 22 BRI S5 R Bon  m AR IR
R KOG S 5 i B ok B35 0 AT 10 AR AR Ak
e B AR 3 S A 0 AR SRR AR AL, 5 K
5 ERRT TR0 ). TS 10 4F (9 3 A2 i
FP A KO A AR IR BT B 52 e R T R 0, 7E R A LR
MZEFrp /i =B 5K A 6. Ao, A 2
AU s e B 2538, U8 76 PR R8I 25 2 rp
q I HTE S m R IR AR K 1Y 28 BAE T
L F) B AP EE

B T MR 3 Ml A A PRI (R DA A 2 3 X
AR IEATVEM T 22 LA s 358 DS AR R i 5 6 4 i
ST AL AL A AR AE LA R B 22 0 SR,
BTG5 2k B HCRORUAS R 2 1 A b A I R
TVPWAL AR o OB R AR RN BR SR T4
AR BB IR BT 2 T B R R R R L T
EARBE R EFk, EBURGI R
SEAT B B AR SR, Do AR A LT kR
R TR 28 S fip B L 0 23 3t A S PR B B R AR Ak
() EEOR Bl R, AR SCPH T HR DN 245 SRt e B A<
R KRR AR e A S B R W E R X 5
Al A E R ES e —8 IWINTRIREEE , LA
FE VG AU 22 0 A T S BB A e, b AR
V4 M b T 2 1Ll U] A v FE Ry 2 R R A
1o FE R ) 1 1 FEVE N R T S %) T O A by A
1o FERRMR L S/ D N T JEACHRS | X Fh 2 8] 43 A5
2 AU R B A A (AR B 25 FOE L, SR
SCAS H A R 3 b A A PR o o A R L —
vk,

ZAFRAAEAR LR, T 60 4 AL AN 1E Ab T
BRI B B, R IRRAEORND 2 KA d A A
AR AR T A R SRR (B RIS Sk
AR A G5 , A S AR IR ™ E (U A AR
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Fig.4 Interactive detector results
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Remote sensing evaluation and driving force analysis of
ecological environment in Gonghe Basin

Su Wanfeng', Han Guangzhao', Ye Deli*, Cao Guangchao'’
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Plateau Science and Sustainability, People's Government of Qinghai Province & Beijing Normal University, Xining

810008, China)

Abstract: Scientific assessment of regional ecological environment quality is a prerequisite for achieving sus-
tainable development. In this paper, based on Landsat remote sensing images from 2000 to 2020, remote sensing
ecological index (RSEI) was constructed to analyze the spatial and temporal variation characteristics of ecologi-
cal environment quality in the typical alpine sand region of the Qinghai-Tibet Plateau in the past 20 years, and
the main driving factors of ecological environment in this region were quantified using using geographic detec-
tors. The results showed as follows: (1) The mean RSEI of Gonghe Basin increased from 2000 to 2020, with an
average increase of 7.5%/10a, showing spatial distribution characteristics of high in the east and low in the west,
high in the south and low in the middle. (2) From 2000 to 2020, the proportion of ecological environment im-
provement areas in Gonghe Basin was 66.55% , mainly distributed in the central and southeastern areas, the pro-
portion of unchanged areas was 33.15%, and the proportion of degraded areas was 0.29%. (3) Precipitation is a
key factor affecting ecological and environmental quality, and the interaction of factors has a stronger explanato-
ry power for ecological and environmental quality. Reasonable allocation of land resources can significantly pro-
mote ecological improvement.

Key words: Gonghe Basin; remote sensing ecological index; geographical detector; ecological environment

quality



