5535 % 55 1 ] H &
2023 4£3 H

REMOTE SENSING FOR NATURAL RESOURCES

BE Vol. 35 ,No. 1
Mar. ,2023

doi: 10. 6046/ zrzyyg. 2021446

FUAR: R RN, R, 45 5 2 A R R AR L S A SR O 2 Sl A A [T ). B AR BRI I, 2023,35 (1) 222 -
230. (Qi Z,Tan B X,Cao X M, et al. Spatial — temporal dynamics of ecological carrying capacity of the northeastern margin of the Ulan
Buh Desert[ J ]. Remote Sensing for Natural Resources,2023,35(1) ;222 -230. )

By 22 A A TR AR AL G AR 5 R 3 ) N 22 sl 2 o

OB, R, G, TR, AR

(L. o EAR S B 228 7 B 5 0845 B BT 28 BT, AL X
RERE, T

1000915 2. I Z AR A E R B L EE G FEHAE
1000915 3. v Ak A 5 BF 7 e F 3 LB 7 A, AL 3K

100091)

E: ESUREI R A S R G M B BHR AR — , U 2 A A B T 1 g X A SR B AR A o, X
A ASERIEHOVE PSR S VP R SR R A n] 3R R SR T L R R BRI A i AT R S E N . A = A
UBIRILG T 52 TR O BEFEIX, L Landsat 551 58 SR8 S B I, 25 T 3 DX A S B AR R 00, i 2R 25
HREB VLR ARV IR ZR 8 AR5 M DX A= 25K 38 0 6 23 93 A S8 Jy , I AR TP LA B = 3t 1) A A 4 £
JEXS AR A TR B TT AT IR B G0 M o 2SRRI, 1990—2020 47 1 22 A5 FI PR AR Jb % DX I 10 A 25 R BT B R S B
Sl D 5 AN A, Hrb BT L A DX 1] P g 5 T B4 5E A DX T K, 5 A A R R A TR i EE
RN, voi AR B AR AR, 52 - T A R R 52 5O Ut i 38 TR R T 28 LA g 19 S 54 DX g L v
A BIRETT O F L AE 2010 AR Z AR TR S B A AR E T, 3] 2020 AR SR B AR BRE T, RO,

LU Wk TR FIRE R AR OB S AR B 2 1

KR : TRET X AZRET); Zea BN iehs; sl

REESES: TP79 XEFRERM: A

0 3=

5 R M DX S TR A ) A Oy 7 Y X
SR, R[] R e AL AR A 358 A R X ML IX
IR IR IR RS R G R LA LA
REETEI RS A A A IR . AR K
BV AL S I BR O H 8 R 12—,
s A ARFR T 5 ST B 5 R IR O 4R B,
LIRDS R S RO W PN S 2 i e S I E s
JEARHLTE IR S BRI RE 1 Y LB AT
M PR PR A J , A 2SR B PR b i) ) B — PR R
ok R BVARAALE A IR WY o0 A, )12 T 4528
X A SRR

B 22 AT R B AR A Sk XS B AR A 1 22 A R
X, JEANSEd B X EEA Rz —" BT T
SR R X R T SR A B R A [
o B GOR % 4 A R BEAE Y . A S
X By 22 AT AV B AR JL I 30 a (1 AR 7R T #E AT
PRI AT, DA T2 XA R BT IS 20

WFmBHA: 2021 -12 -20; f&iTHEA: 2022 -07 -29

XEHES: 2097 -035X(2023)01 - 0222 - 09

RS LI bl 3 5 A A5 8 0 i X B
A TR AT o3 BT, BET PPN 24 3 i S AL
ARBU 5 SIS SR AR A5 R R X B A
BIREITHATINEWIIE, B8 1 254 1 e R AL B
By A A R A A A I G s % T X K
IR SR HEAT WG BT ik B A — R R R
P, BB b S RE S S — PR, SR T I R O
HAEIANE . ASCUEET IS A28 G PR R B
TP AR VPH, I EE X H T 52 T B R X
PEAATIRBIHLHDFIE

1 B 5 KL

WFFE XA T 5 22 A5 AV AR AL 2%, 046 o) 25
X1 B 0T 7P 7 ) v A X e, 8 % o 3 e s
B SRR BRI IR X SRR
J B | BRI AT I | R FE v A A T X
11 MBS, anE 1 Frs , 1P B FF N39°40" ~
41°00" ,E106°00" ~107°20" Z [a]"" b &g il , 754K
B A FIYD L, R A T R

EEWH: ERARFIAHEGIH T I AR PSR B BRI I 25 53 52 4% )R WO (S« 41971398) ¥Rl
E—1EH: B (1996 - ) , &, WAHFSEA  F5E D5 1 ARl 32 &5 A . Email ; qizhaol 104@ 163. com,,
BIEIEE: HWINE (1966 - ) , 2, WFFT 5L, WFFE 7 10 MOl 8 B AR 5] . Email: tan@ ifrit. ac. en,,



55139

IR AT YR AR LS A B R B I 25 B A A - 223 -

E1 fHREX 2020 EFREURKMEBAE S
(B3(R), B2(G), BI(B) B MEB)
Fig.1 Image in 2020 and geographical location

distribution of the study area

X, [f] 5 K 3o 3 by | T AR 2 3. 68 km® , SE 44 £

3.7 m/s! B RIRZERK AR 7.8 CLE
A7 WERT R > AR T i O 140 mm 747, 4E 1Y
ZEEHEN 2 096.4 mm' o BFSE X AL B B LU
WEAR CEHEAN B, AL FE R MR | R A R TOTUSE 228
), HO DK K PR AL 25 L) S 20 B80T LA G ot
B3 22 T LAZR IR K T ARG AL I 3, T AR
BRI —

2 BAEIRATALHE

2.1 HEE

= HFST X 1990 4E 2000 4F 2010 4F Fi1 2020
AE 4 BT ARG Landsat 38 88528 5086 &8 1 B S Ry
BT, T A AR . ey
T GITEZE R — 51>k A T MODIS s, — & 7
kA T EZR IR R GRS AAE oG R R R R s
Bk A T E IR R GRS oG, At A s

1041 m 2 A7, AR AT PG ILIR, BRI XU i s T ik 5T Landsat LRI E 03068 (R 1) .
®1 J[HERBORBCREURER

Tab.1 Source and information for each data type

BRFE R B
BAIGUE P 1990 SO T FRHERR SR B L R BER S ki 8 4 B ISUE A7 s 2000 6
by J 2010 41 2020 4ERYHCARDK T MODITA3 B0l , 2 4 By 500 m, IR AM B3 1 a
B 01 m 1990 6F 2000 4F A 2010 FEHARK FI T FAMERRSERFE R L SOOI |k 5 (TR R
A ' B9 2020 AERTECHK F1 F MODI6A2 $CH 22 140 B4 500 m i 1 5Bty 8 d
1990 4F 2000 4F 2010 4F1 2020 4E (BRI F1 T R 5 HLER R SORME AR L SBR00 R 1 ko 2 7 74
L 0.1¢C .
S g
- 1990 4 2000 4 2010 4F1 2020 4F BRI (1 T [E SR R SRR S0 b L SLA0 R IE 1k 32 A A
¢35 0.1 mm .
R
;ﬁ_ﬂﬂ R 1990 4F 2000 4 2010 4F1 2020 4+ HA LB I35 T Landsat S8 I8 (3 8O F 1% 2 07 H: 3R
2.2 HEAIE P, SR 5 Pl I BCR MRS B (] 0 B 1 a 1

IS DX R AR AT 38 2o 20 M2 A e A B
ARAF, ARG = 55 e, P [ A S ] s A
1 F BRGSO R, B A RAT B B 1 4 )
S8BT RIEIRIN 2020 AEIWFTE IR . it
A TR ZR IR R AR LE 4 A~ 3] A4t ]
IrBEAR AN [A] 73 BEAR AN — 2L, SEil ad B B
SRAE MBI BL AT IE XA 30 m 23 6] 79 HE AL

A, 7GR - R AR B S 2K (modified soil ad-
justed vegetation index, MSAVI) | 3 — & /K {A 5 %%
( normalized difference water index, NDWI) . #h35 )z if
# (Albedo) 35 1 K7 35 % (topsoil grain size index,
TGSI) ¥ 5T Landsat 3% BGZARER FE GRS, HAR
HE AR AT T

(2pxm +1) - «/(ZPNIR + ])2 - 8(pxw — pr)

MSAVI = 5 , (1)
NDW] — PGreen ~ PNIR (2) TGSI — PRed ~ PBlue , (4)
PGreen + PNIR PRed + PBlue + P Green

Albedo = 0.356 py,. + 0. 130 ppy + 0. 373 pyy +
0. 085 payisy + 0. 072 s — 0.001 8, (3)

Z—EEEP PNIR 5 PRed 5 P Green 3 P Blue s PSWIRI H Pswir2 ﬁ’%Uj‘leZI
A Lt Bt e IR LA 1 A IR LA 2 B
() 3R B 5 32, e 4 IR A B 38 A 1 DA



<224 - A % %

B %

2023 4§

30 m x 30 m 7 [A] /3 HER ) WS 2B, 25 [0 S 25 AL AR
#h WGS_84_UTM_Zone_48N,

3 HIR

3.1 EBABNE

AR BRI BUE R W R e, X
BV i PR B A TF B 1 S 4% U 2P
(925700 SR A T4 bR e BRI FR 1 2
3.1.1 /ARG 4 22

WFFE DAL T 5 22 A FIVD AR A 2, A 5 e DX, H
FHEE ISR IR B K E R R,
i DX A T 5 R K I AS e, 2 T 2 2 B K B R
PEL U, A DY RN - S I Sz B b X5 V85 Ak
SR R, R 2 1 NDWI TS TEZE HIUL \MSA-
VI 4247 1, Albedo Fil TGSI 3% 6 FHpEAFE 47
ANRIFEARISHY LA A R [R] , B0 25 5 T R
AR A5 R PR 22 B v Ak 12 360 S ) A 4
e AT IO AL AL PR, B B A Bl S 4 oy [0, 1] 2
], BATHH S o
x'; — min, { x’ij}
Y = max,-{x',;j} —mini{x’ij} ’ (5)
s o NS L NRARIYER ) NEE s v N5 R
PR j B EAL S BU(E ; max, {x'; | REE @ 4>
FEAR P BB ORAE; min, fa'; | O @ DN EAR A IR
{E
3.1.2 FRAFRMEA T

BTN T A SR B R AR A A

H RCHEEMAEN, HATE N SME PR R R 5 AL
AR LM 2 B a] g 30 KRR % UL T
R 72 A BSR4 R B o A

I G A 7 R R kb B — A AN A2

JE R I3 Wik i TS — A P AR 4, T3 H Ok
FEOEARL S XS Ry 1 R AE [ o, 75 31— 3P b G, 4
ANT0. 1, DA T PR AR e — B s A5 ], AL R
T, d5c AR A F8 b PR 2R O ASCER (BB R S T
P & o X7/ W

C, =C/R, , (6)

C.= (A —n)/(n=-1) , (7)

A Co—E PR bR AR A, 9 0 B R I )

KREFHEAE ;s n NARAREG RSB — Bt fs

bl A il — Bk e AR R B, 4 Cp <0. 1 I,

S BT i A — PG 2, 5 DU 7 2 1 B 4
HEATIE IR 2 S5 PR UGHEAT o

F I AT — PP ST ARG T A3 B R X
ZA R PR AT B R A A T 0, R AN S Sk
SBRAF O, PRAETHAN 2P SR, 2 B prskR
it 80% , IG5k 26 5 i 43 ) LIRS I 46 B 1Y)
FRA R S ARG B A 00 vh & HE AR Y TR R
B F R LA ERRAAGE ™ ™,

WA T 1225 A AR 6 2 K075
FIRACE REHATH AR B S RECER 22
T, A2 UK G A v AR = 103 o B i 3 B3 A AR
BN w=w,,w,, -, w,
BRGALE WA

W=aw + (1l —a)w',,i =1,2,-,n, (8)
K a Ry B R AL, R BB X 2 A AL 1Y
DRk b, ' F0 W 5 2575 FBU/NEGF | #3k
£ a=0.5 ), J5 22 J5 Fids/ o

R JZ U3 BT 2 A0 3 03 3 i A 3 1 &5 bR
B AL (8) 15 BN & W R SRR A
=, B

ro_ 1 ’ r [33]
Y _w17w29“.’wn ’D_lu

ECC =0.225X, +0.238 X, +0.134 X; +0.180 X, +0.062 X5 +0.161 X, , (9)

Kb X, X X X, Xy X 20309 MSAVI ) 4%/
7701 B TEZE UK JNDWI TGST FI Albedo iX 6 />4
— AL 5 R bR s ECC A Z57RE T
3.1.3 AAXRBEAFBX

Shy VG b 2 B A s AR 2SR 3R e s )
()22 5 B R AR BRI E I T IH— L A B, fi S
BEEETELO,1 ] Z[0], 4R IR 2 J-A TSR0 47

K2 ESEARBRNERRSIRAE

Tab.2 Equivalent classification criteria
of ecological carrying capacity

ERT LR A AR 3 U
1 A SRR [0,0.2)
2 BARAE TR [0.2,0.4)
3 A SRR T [0.4,0.6)
4 B SRR [0.6,0.8)
5 EAESKET [0.8,1.0]

3.2 EBARNEUBEEST

TE— 2 I )70 L N, 2 R B A A 1k
B2 A MO E PR R 5200, T REAEAERR 73
S A, TR LM A 7 ORISR
20 T Theil — Sen Median #4343 7 F1 Mann —
Kendall #5558 THE S8k geit Ik, £, H
X TR 1) 3 A R AR A 23R, AN 32 5w MEL N 5
2> DRIt AT LSRR A G S 5% 22 R 34 A
FHSS G 1 7 2O A R B A2 A At A T IR sh A R
I3
3.2.1 Theil —Sen Median #% % 5-#7

Theil — Sen Median #F T HEFR N Sen” s
AL R — I 18] 20 51 1) A S5 vp (B Ry i g
[F) B R 24 A8 Ak R AR a3 3 AR T



55139

BB A B ARV AR G AR AR ) S S A A - 225

S = Median(Xj _Xi),i <jHij=1,-,M,

sen . .

J -1
(10)

m(m—l)’

M =
2

m=1234, (11)

Kb MOAFAE G EAR A G AEG m B[R 7515
PRAEEE X X N TESs i AR ARG > ) 1Y
WK 3 S, A, 2 S, >0 W), B 2
BRI B = O U =S A N SR
3.2.2 Mann - Kendall 35

Mann — Kendall ¥:56 7] DL & AE J& 305 (8] Fy 51 3
DA GBS BN B E R, X T #As
T NI O R, H TR HEA RN —E 1)
SRAEE P M m <10 B, SR i S AT
AR, AT S A AL R

m-1 m

S= Y Y sen(X, -X,),i,j=12,m, (12)
i=1j=i+l
1 (X, -X) >0
Sgn(Xj_X;,) =40 (Xj_Xi> =0, (13)

-1 (X;-X,) <0
TELE BAR KK o RO, W2 1S T >
St -an SUBFTEIFHNIE o AP EAFAE R &AL I

\ ECCA L 454 |

ECCH [¥l
JETT AR

ECCR# &M ECC 5 ¢ W5k %

W A % FA AT I
ECC W Ak 5 ECC il ¥
I Al PR 2 AT L EAIIPS

ECC5i bk %
AR HT A

ECCW.#HZ Y
Wi g L SE AT R

ECCHFHA M
BN BE R LA R 2R AT G

MIAEAEAS W2 R o IE 20T, R 280 1T
B NAEIT IR BT B AT o B
0.05,01S, ,,h1.96",
3.2.3 WHBEEIM

W98 XA S A AR 01 A2 A a5 43 ol 55 8 F IR 2
2 ADMEIER R IHATHINE 34T ,2 DB m AR 5
BIAX = a0y, 0,0, Y = Ly, o,y b
S5 4 11U 5% 22 4 B vk HoAth o] B SR 86 ) PR R AT K 3K
J15081 o AR AR

Zf(xl _56>(./yi _5/)

i

Ty = 7 7
\/Z (v, —0)" Y (5, - y)°
i=1 i=1

’i = 1’2"..’Z b

(14)

A, Rt X R1Y 1Y Pearson R0 7 WINZ ik
TAGREAR % 1y 40500 2 A At O AR (L 1,
BYBRMETE B E [ — 1, 1) 200, r, <O fL3 5L X,
r, >0 REIEME, | r, | <0.5 BFR 2 AERA
BEME0.5< | r, | <0.7 BFR 2 A EH
R, | r, | 0.7 BEFR7R 2 ANkt R HG , s
T 1 AR L B X IR I R ARG i
A 2 .

ECCT W #41t

I

ECCHiE ECCL #4145
S AR LA PR ZE AR K
ECC 5l 5k % ECC ALY
IS HT AT 1 A K

ECCRFHAZ
U LRI A TR AT K

2 KEEFES ARG W E RS HTHELR

Fig.2 Analysis framework of driving factors of long — term ecological carrying capacity
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Spatial — temporal dynamics of ecological carrying capacity
of the northeastern margin of the Ulan Buh Desert

QI Zhao'*, TAN Bingxiang'”, CAO Xiaoming’, YU Hang'?, SHEN Mingtan'"
(1. Research Institute of Forest Resources Information Techniques, Chinese Academy of Forestry, Beijing 100091, China;
2. Key Laboratory of Forestry Remote Sensing and Information System, NFGA, Beijing 100091, China;
3. Research Institute of Desertification Studies, Chinese Academy of Foresiry, Beijing 100091, China)

Abstract; Ecological carrying capacity is an important indicator used to measure the stability of an ecosystem. The
spatial — temporal change analysis of the ecological carrying capacity can help understand the changing trend of a
regional ecological environment and serve as a comprehensive reference for the evaluation of ecological management
and restoration, research on the overall sustainable development of an environment, and the optimization of land
resources. Targeting the arid and semi — arid regions at the northeastern margin of the Ulan Buh Desert, this study
constructed a comprehensive index evaluation system of ecological carrying capacity based on the actual ecological
conditions of the regions and Landsat remote sensing images as the data source. Then, this study determined the
spatial — temporal distribution and evolution pattern of regional ecological carrying capacity and made a driver
analysis of the change in the ecological carrying capacity from the angles of rainfall, temperature, and land use
changes. The results show that the ecological carrying capacity of the northeastern margin of the Ulan Buh Desert
showed a first decreasing and then increasing trend from 1990 to 2020. The irrigated areas north of the Yellow River
continued to expand to the desertification areas in the southwest. As a result, the percentage of the area with
relatively high ecological carrying capacity increased greatly, while the area with high ecological carrying capacity
decreased. The change in the ecological carrying capacity of the irrigated areas was mainly affected by land
development and utilization, followed by temperature and rainfall. In contrast, the ecological carrying capacity of
the desertification areas south of the Yellow River was mainly at a moderate level, which was shifted to a low level
in large areas before 2010 and was restored to a moderate level in 2020. The change in the ecological carrying
capacity of the desertification areas was greatly affected by temperature, followed by rainfall and changes in shrub
and grass vegetation cover.

Keywords: arid and semi — arid region; ecological carrying capacity; comprehensive evaluation index; driver anal-
ysis
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