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Ecological environmental quality assessment of the Yellow River source based on
remote sensing ecological index
Abstract
(Author:Li Xin Supervisor: Yang Changbao)

Three rivers source is the birthplace of the Yangtze River, Yellow River and
Lancang River. It has dense rivers, numerous lakes and marshes, and widely distributed
snow mountains and glaciers. Among the three rivers source, the area above Duoshi
Gorge in Maduo County of Qinghai Province is the source of the Yellow River, which
is the second longest river in China and the most important birthplace of Chinese
civilization. Historically, the source of the Yellow River had a good ecological
environment and rich species. However, in recent decades, due to the impact of human
activities and global warming, the source of the Yellow River has experienced
ecological problems such as soil erosion and grassland degradation. In 2005 and 2011,
The State Council approved the General Plan for Ecological Protection and
Construction of the Three Rivers Source Nature Reserve in Qinghai Province, and
established the Qinghai Three Rivers Source National Comprehensive Experimental
Zone for Ecological Protection. In 2014, the second phase of the Sanjiangyuan
Protection and Construction Project was launched, aiming to fully restore the ecological
environment of the three rivers source. Only by evaluating the ecological environment
quality scientifically and objectively, and finding out the driving forces affecting the
ecological environment, can people have a clearer understanding of the local ecological
environment and take active measures to improve the ecological environment quality.

In this paper, Landsat remote sensing image data of the Yellow River source in
2000, 2010 and 2020 were used to extract four indicators of greenness,wetness,dryness
and heat, and principal component analysis method was used to integrate all the
indicators to obtain the remote sensing ecological index distribution map of the Yellow
River Source in 2000, 2010 and 2020, and the classification was conducted with an

spacing of 0.2. The ecological environment quality of the source of the Yellow River is



divided into five levels to analyze and evaluate. In terms of time, the change of eco-
environmental quality in the past 20 years is analyzed. In terms of space, the difference
of eco-environmental quality in different geographical locations is analyzed based on
the basic evaluation unit of county area. Then, geographical detector is used to select
seven detection factors, namely land use type, temperature, precipitation, elevation,
slope, population density and GDP, to explore the spatial differentiation between impact
factors and remote sensing ecological index and the interaction between the two factors.

Through analysis and research, the following results are obtained:

(1) From 2000 to 2020, the greenness index of the Yellow River source increased
gradually from northwest to southeast;Wetness index showed little change, and also
showed a gradual upward trend from northwest to southeast. The index of dryness
decreased gradually from northwest to southeast. The heat index rose first and then
decreased, and the high heat area was concentrated in the southeast.

(2) From 2000 to 2020, the ecological environment quality of the Yellow River
source has gradually improved. The area area with excellent grade increased from 14.39%
to 16.66% during 20 years, and the area with good grade increased from 17.16% to
25.87%. The area of the average grade increased from 23.39% to 24.78% in 20 years,
the area of the poor grade decreased from 22.73% to 18.11%, and the area of the poor
grade decreased from 22.33% to 14.58% in 20 years.

(3) After driving factor detection by geographic detector, among the seven
detection factors of land use type, temperature, precipitation, elevation, slope,
population density and GDP, the interpretation efforts of remote sensing ecological
index were ranked as follows: land use type > precipitation > temperature > elevation >
population density > slope >GDP. After the interaction detection, each two factors have
the enhancement effect. Temperature N precipitation, temperature N slope, slope
Npopulation density and slopeNGDP have the double factor nonlinear enhancement

effect, while the other two factors have the double factor enhancement effect.
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.. .‘l,c: az |\'1\"' @& v'v" ) 'I 100 'v 101 " ; 10 l"
2.2 HiRSRER T

2.2.4 DEM HREHHE

ARSI = FEEE N ASTER GDEMV2 30m ¥, SR T3 25 (8] B4
z (https://www.gscloud.cn/) B, ASTER GDEM #{ ¥z i H A< METI #1335 [F NASA
IR APF AR I G0 B T ) AN AR 3 A, R T St R B R IR R S it v (ASTER) 4K
P A R, S H R ME— 7 5 A BRI SR T = 2 R e AR AR - 2009 4F 6
H 29 H V1 Jit ASTER GDEM %4l & A, 4B soslin g i 7 I atidicdls, (H2
HF ASTER GDEM V1 JEUAE R X 955, e Hn i s Bt 7= i
WAFAER N, Ll ASTER GDEM V2 R SREBEAT 1 okit, (Ebdtnt b, i
[y 18] o HE R A AR IR FE A T AN RIRR B R4, HERA RS T iR p st
SO SR E AL T 150 SRR, A 25 JIMEETE V1 it GDEM $3E K A

10



%2% MRARBILL A RTESE

JE R 1% . ASTER GDEM V2 &3REIF & fEE8dE T 2015 1 H 6 HIER
KA, RN 30m.

225 ADOF GDP %3

AR HF NI GDP A B4 T Hh BB 2 B SRR B R 2 5 B o
Chttps://www.resde.cn/) P12, SIJE T [N 173 8] 43 A 2 B A% B s S Al
GDP 2 [ 53 A7 28 LR IO HAR 4 o RN 101 2 i) 40 A 2 BRI A 00 B I B 7\ I
fE A VO B A S ARG, N Tkm WS BRI GDP 23 8] 40 A5 2 Bk )
HimsE e 25 2 GDP it Fdi iy st b, x5 AN ZRE 302 U1 ¢ 1 - Hu |
FHZEAY, o B 88 R DA SR B AT Do B A R 3R 7 B B AR i) Tk A 9 50Hfs

2.2.6 FAhEHE
A 3C P B B YR G 5 AR R R T KO e R R 2 B8 O
(https://data.tpdc.ac.cn/zh-hans/)

2.3 FAEmAE
2.3.1 Landsat ZBEREEGEIE WAL

BRI e bs

BRI e b R TR AR AR I SR A R BB T AL (EL(DN ) B AL x5
FEAE B S 3 S R, R L S AT R A B A A, 42 R ] 70 N0
PRATAINS E b0 T ERAEALIRES, ZaxH b AR ERR SR, 8 o SO LR A
SJEE L, SR B EDN)Z ] K E B R R

L, =Gain*DN +Offset ............ccceoiiiiinnnn. (2.1)

S SEREAE £, 3 I AW (mepmesr) o SR R, A
NRZGNZ R AR L5

R RE b 4 B R 2 s P A5 TT, IRINES B TRV AN R I B0 45 P A
5 B AN A

RARIE

RARIEAZN TR KRR, AR, Al K0T, <
VA A 25 DR O U BN RIS, AT SRAT I S 3 L R A o RIR S 4
HSY BB SR, R S R A
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KAREIE 3 LT KA IE I iR X KA IE 7925 o 4 KA IE i
Tk g IR B B AE (DN D FAb bR R 3, M S A A 3R IR
JERIT7 . W 77 2 AR TR S M AL ) MORTRAN B, LOW-
TRAN #%Y, ATCOR BA!, 6s LAY, BT f0Hm A& 4k Y (1) SRS 15 o0 ik BA K
FT Gt AR A ) St S o AR RSB IE T VA TGEAS B L SE ) S S 2,
X CAEME A R 7 Al (DN D RonH R b S 5. 5 R IG5
BTG A B AR B 7 BIITEC T . AR SCHTR I KSR E 7k & T
MODTRANS 48 S £t AL ) FLAASH KK 1E T H. MODTRAN ##7 fy
Spectral Sciences,Inc 13 [E 25 % SL40 % (Air Force Research Laboratory) Ft[FJfff
KM, 1 Exeils VIS 27 7 5t & A GUI it . ZHE0E R, AGH &4
G RE R R AL TH R AR, AT AU R TS 4. FLAASH i& 7] DUy
RO LB B U 8, RIS R R AR L, 5 H AR oo MAlia & oo 52
ARSI A ) ARV AN DAR IR, FF HLRe 88 X S e AT AL B, 8
FIARAF ARSI BE L BE MKV & A, 03 B A B 7 AR 202 R

FLAASH S35 1 i 3 A 6 TR BH IR T B Y AN B0 35 SR ) A0-F 1t AP 4
(EOE LT HBAAR) |, RSSO oG R s B A o

*
L=| A2 1| B (L)l 2.2)
1_pe*s 1_pe*s

X, L ARG eI B SRS p NEERTRAE: p,
VSl eI RS ORISR ESINY PN NI CE SN ISP WEI D) G IR I
A T B NER T KA GEAFF L 264 A R4

MM FLAASH KRBT KARIE FEA =D IR

(1 MWEEPIRIEENE, BRI S BERTISH.

(2)  ARE KA SR 477 AT 20 S S R H s

(3)  FIFH BB A G- T8 G e B MG AT I aa 5, ATk 2 Bk

A TErAE B MR S R E Y

FLAASH & 58 H 2040 Wt Hh R b 52 30 22 B S Me T B S 22 1R X ek, AT
FERIE LR o H R 1P 48 a6 R = X i %, B S m st
FTJE 0t BUR I Ak 2

12



%2% MRARBILL A RTESE

15 e ik

BT 70 X S AR 15.06 /5 km?, SRR QAL /N, o s A
W 9C X 38, W 70 21 15 5 2000 4F LandsatS 324500, 15 5% 2010 4F Landsat5

s B, 12 5% 2020 4F Landsats 2 BGSAGEHE, & — 90 FR K G 58
) AT R B IR

PG R RS R AR BUA AR T, 02 SO AR B R P il — A RV
ToEE MG I R . BEERThRE AT LIS AT B AL EE, 516, TPMLEEThEE, Hal
LR R E S X DI GE RS . EHRIE AT DO R 1 Bl 2 el A A 4
IR — AR R IR T I AR TR, R B P ThBE . BRItk A, i
I ] DU BGAR AT U P, DL — IR BRI GO AR E, Goih & IR
.7 B CAUUTC F A R iR AR A AR BE R AR AR T

G

WA BRI )5 T AR 7T X 30 R e ik S (R AT 8T

232 S[SEPIETLE

FH TSR 1SR B R A E = VLRGP U500 A, 5 2 75 0 IE H 3
RO B AR RV R N R R A, SRS ME, SN, MR, Sie, RS,
W, R, £EH, WE, A, P 1AL, BT REEAES =R
F1-12 AR 8dE, N HEEYE, 1A SR RE AR AL 7-9 2208, Frid
T BT 7-9 H PR A K & B IE, RBU =AY AP 735
FIAE XS )~ 2 =R AN F K &

THEH 11 MR 7-9 AR ME KRG, K E S Bk A
HTASXE, tandhseps, w28, FEEE, FER, R BESRAR
M TR BRI LI AT S AR, R XA R BRI IE, IF
W IR B AR e A SO A B

i HL VR AR P 77 22 R O BE AL AR AT 2 R A AN T, A2 BEAL AR
B eER s B R TR A . S L EVETE 1963 FEHVEE SR
Georges Matheron #2H, A4 vw Bk e SO 0T CANREAIIA Y 2 LAt o1 1H
R, FEHAEGTHME S HSHE B AR, 7 Z s/ NS R
SV o R B e, SR (2w e, MRRES, T RS
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REFE (AHE RS, EmgwEe, Ui R4Ee) o A REHR
HYCHS 3 0 B v AT A
2.3.3 DEM HREHEHLE

HT#F 5 X IARR, e, JL55 F# 28 5 ASTER GDEMV2 30m %4,
T EXIHTIX 28 5 DEM iRm0, I HAREHI 7T X 0 [ AT 389, 76
LR b, RTS8 1 R AT P R (R FE

234 HAhZIEALE
T TR LRI SR, A DE0E, GDP ey T HIEA s =X
o T ASCHF X ST, 7 AT AL 2.
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HIE  BRASHENHE

FEIE AR (RSED FIUTIGUE, W, T, MDAk RIE A 4
FRRIRS, 3 BT PRI ER R0, S BRI IR, AR, B

TARE L S R IR FE R TR, R
RSEI = f (Greenness,Wetness, Heat, Dryness) ...... 3.1)

RSEl = f (NDVI,WET,NDSI,LST) ..., (3.2)

. H: Greeness NEEE; Wetness NIESE; Heat A#E; Dryness N1 E;
NDVI ME#EFE%; WET HIRJE s f; NDSI NHR L3840 LST N RIRE .

RSEI f6%h, H#45H NDVI 5 EI 5 8-h M8 fa fabn & SCEIBL, 52
YIFE bt REY); AFRIEEN WET 15455 EL $580H KM Fe Bda br Al
7], {HFE RSEI RS WET fabrBE ] ARRITBOKIR, i af A3 138 5
RS . RETER NDSI fibrts EI $850H 0 LB AGIEFR B U0AHOC. Bruk T
LIS, RSEI H1 =AMEFR5 EL fa 504 1 PN FE AR 2 D) AE B,

3.1 BRASEHKMEE

3.1.1 SEER

SRPEFEAR HH— L Z R TR 2 NDVI SRR . M e B 7 N 1969 4EFF
4R F2, Jordan $2 H ELE B FE AL (RVD J5 k8 AR T Z M # e $ (DVD,
Deering 7£ 1978 -4t IH— AL Z{EMEH 52 NDVI. NDVI &M F 4 T 7E 21
S B IR R SOR I 2T 0 B S R AT A TR, ST ETBE S (LAD
TV A=Y o BEAH R, 153 72 BN . JF H, NDVIIER] PAE—
EFRIE BRI A0 )R R IE O HR SR 2, B R AR A T 5 T ) o
D8I, R DUHA — AL Z (AR R E NDVI A S A

NDVI = 2NR ZPr (3.3)
Pnir T Pr

Horfe P, Proy SRR T LT ANRILT 6 i B S S 26
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3.1.2 @EER
BT bR 2204 H (Tasseled Cap Trasform, TCT) , R K-T 48#e, 1
1976 4 Kauth 1 Thomas #&Hi, fAIIZEWT SR A KRR AT, MSS
AU B 2H ) DY 4 = (8] o, R DG m a2 2R R o A1, o X P
A i fi 44 R AL A . 2R AR S I TR R AR ETU AR, AR A
A EZRER, ZEARHRIRAT 00IR B o SRR, KR R I R R % D) AH
5%, DR AR A SR AR (1018 B2 7 A NI FE F8 %  XFT- Landsat S TM A1 Landsat8
OLI PR3 FE F2 B A 53301 Oy
WET,,, =0.0315p; +0.2021p, +0.3102, +0.1594,,, —0.6806 0y —0.6109 0,

A WET,, » WET,, 7 #1#% Landsat 5 TM 1 Landsat8 OLI [FJ¥E 5 7) & .
Per P Pro P Powr, Powr, T IVINEEARAEN, 2%, 20, L4040k, FEIALAE 1 A

AL SH e

3.1.3 FE#Ew

T /K ERARHERN, R BB, TR~ Tl BRI, % e
SR g, BAEFEE (SO WRREMFK LRAR T 150, I,
BN R T, KUY, 15 35 A0 3R 5 R A e FE s, S8R B 10,
EHFEE (IBD WHRE@RTAHME “ T4 1500 BT ERbr R a2
(SD FEFFEE ABD AT K.

NDSBI = 'B';S' .............................. (3.6)
Hrp
S| = (PSVWR1 +Pr) — (Pair + P5)
(Pswir, + PR) + (O + Pg) +ovvveeneennnns (3.7)
IBI :( 2'05W|R1 PR _ Ps )/( 2p5W|R1 + PNIR + Ps

Pswir, T PR Pnr T PR Ps t Pswir, Pswir, TPur  Par T PR Pe T Pswir,



$3F BRASKENME

A Ps1Psr Pr1 Prry Pswir, 7 PR CRAEN, &%, 20, JHLIAh, RRLHN 1
BB SR

3.1.4 FEFIER

TR bR FHHL R IR R RN

% Landsats TM6 B, Se R ¥E 851 58 bn 80K K BB e o m it e Ml
FFFIH Planck f@ s Bt B MR TR RS, B 5B LLfa T Mg H i ol
iR IREE, Landsat5 TM6 i B IR FEH2 LA X~ , R4 Landsat FH 7 0
44921 & Chander %5 NMEIT IS H R .

L, =gainxDN +bias ........................ (3.9
T, = ||<<2 .............................. (3.10)
In(-%+1)
L
T, =+ .............................. (3.11)
1+ =2Ing,
(24

X L, A TM6 FALLAM B AE A IR AL R S B, DN AKBEAE, gain #
bias 73l # 78 TM6 LM INIG sd AVm BAE, T, AL ERALIRE, Ki, Ko A
EMSHEL K BUEN 607.76 W * m? « st e um™, Ko HUE AN 1260.56 K, &, A
TM6 LA Bt R LR i 2, T, NHWERIEE, 28 TM6 #ZL A B s
A, BUEN 11.50m, o BUYEN 1.438X107mK.

XtF Landsat8, FFH#ALLAMEEL 10 SRHAT I IR E . et B 10 HE4T
BRI E by, 3 HAR N SRR, PR A B v e A R R BT AR ) TsMOHA,

Lio = Tio| £0Buo (T )+ (1= &0 ) g [+ g v (3.12)

Cl

k Ao In{cz /[ﬂlo (Lio ~To (1 &) 10i [é10 )]+1}

...... (3.13)

N L, ARG RS A, AR e bR RIREL, o WK
LLAMEBL 10 MBI E, o AMBRICERIZE, 1, A1, 283 K Am B AT
WIS, By (Ts) 25 T, MR BRI AR 2, C Co NHEL BUE D
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BN 14387.7 um- K AT 119108 W » um™ » m? « st 71, g, APHEL 10 IR LLEE
BE,  TONMGRIBRE, A AUEEL 10 fHLiE K, BUESA 10.9 nm.

3.2 FRASHT

F R IS B e Karl parson 7E 1901 5E5] 3, {H2 240 H2ARIE JEREAL
ABERIIE, 1993 4 Hotelling WX MESHET 2 T BEHLIA &= .

EZ g, @EFERFZTENE, ZHERAR TR AHE—E
IAE DG, X TE— @ R FE B3N o A7 il R B2 Mk o 2 oy 2 BT A Sk 1) 4
PREAT R A, EH BN —H AT ORI LA RS, [RIE S E LA GRS 7E
BRFRIE EARE JE R ARAE B TR bRk SRR Fa AR 5 2, X P AT 7 VA 3= 4y oy
Bk, XHR G R T k.

RGP 53 BT R AR S B R AR 7 (R AR AR B AT e, R 2 BT R B IR M Ta bR
R D BB AR, W T AR i R e, ELASE A6 %5 TR B Hh 1) DK 4
5 BAERAF I DR Lr G ate (B ORI, 45 4k B (1 A8 i 5 2% FE PR
T AT T S S FR AR AT AR R o R o BT AT LAE S KRR B R R (5
S REPRARSR AR E R,

B X B onXP B, HaftafEh P (X,Xs,..., Xp) , BEXT 515
Hi P ANEFRA

X11 X12 .. Xlp
X= X2l X2z o Xop| (3.14)
Xnl Xn2 .. Xnp

F RS B R A 1 P AN IIIAS B X1,X2,... Xp i &, TR F1LF2,... Fm(m<p)
FHE R, RERSTHREERINETE, SRR
{ Fl =a11*le+a12*Zx2+"'+a1p*ZXP

FZ :a21*Zx1+a22 *sz-l-'“-l-azp *pr (3 15)

Fpn=an *Zx1 + am;.* Zxy + ot Ay * Zxp
S J o # Bl y:El 3 T=(aj;)mxp, H
antant...tam=1,(i=1,2,...,m);F,Fi(1j=1,2,3,... m,iZ K RECN 0; iRIESHE,
B R 7 NN, AR DD, DT A (B, A EEE T EROR,
BAE A ATEON G BoE e iR B R ORINE BT 70, STt bl . BTl EHL
RT3 B A BRI DT R RN R SE
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3.3 KIEHAE
McFeetersPO7E 1996 42 H H— 40 2= 7 /KR8 50 (NDWD T - f 7K
BIURFAIE I 48 553 LA 38 B 7 PG AR A7 AE - NDWI ) B S S 3T 41 4 e B AR e A

JGER ORI SRIX LU RFAE A AFAE, (R I VH ok - S9N il b AR AR AR ALE B A7 AE

nDwi = reen=NIR (3.16)
Green+ NIR

HH, Green FAREOLBBL NIR ALK LLAMNB B XA A A 1 7KAR K]
Bk 2R WG B 2L A e B s, AR ZEAMAT R LA BRSO 5, T ARLARAE
U ZLAN P B A e ot 280 5 T 21 A B B AR R USRI AL R A5 U2, BT A
NDWI 45 £ r] US98 SR BKARAS 2., SIS AR R RS BB, it
HRE RGN NDWIERF, JKADYIEE, HE#ZF BUE .

SR, NDWI JF3cA7 25 18 2 IRATEE U I SO RAALE, e 5K Teik g a0
2T o PRIRAKAE 2005 S5 SO A — e 2= oK AR FE H, B MNDWIL:

MnDwi = Sreen=MIR (3.17)

Green+ MIR
ZFEHOK NDWI H I £LAMB B el 1 404N By, 5 NDWI AHEL RA
ENEE RS S, AT LVE BRI 22 R R0, R T /K AR B B B ff 1t B vy, R
AR S B FT MINDWI $5 B0 AT 7K A4 PR

34 BRAESHEBWHE
SeR LR, B, TR, WEVUNEFRE TPRAE AR, B EE 5 — g
[0,11X 8], KA N:

NE=(1 =T ) (T = i) <o, (3.18)

s NIOAFRHEAL S HIFEARME, 1 9iZIEAr HIEUE, Tmax A1 Imin 73508
IR I R e/ IME

SR JE XS AR HELL JE B DU R R BEAT E R e b, O T RERSAE PCL R EEAN
RABFMEIFIXI, H 12 PCi, 135 RSEl, X2 RIFEAIRERA SR
B, RIS EE AT AR AL AL 2

RSEl, =1—{PC, [ f (NDVI,WET,NDSI,LST) ]} ............... (3.19)
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RSEI = (RSEl, — RSEl i)/ (RSEly e = RSEly i) «-vveevvven. (3.20)

0—max

. RSEIRFE A A48, HETE[0,1]1:2 18], RSEI [ofEke, 18%R4
SWBE R EMAT . RSEI EMME, REESAEREME.
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B 4% HTRAESTIK TN

BAR  WABEAESHERETN
4.1 B IHESER

4.1.1 EER

HH# 4.1 7[5, A 2000 3] 2010 4, FIFJE NDVI “F3{EM 0.277 EF+2
0.308, M 2010 4EF] 2020 4, EIAJE NDVI FHMEM 0.308 - F+3] 0.620, 20 4F
[E] 35T YE NDVIAEANMWT ETE, ArdEZE I 0.340 - FH%1 0.365 LR R3] 0.290, i H]
B X BT E . X ULEH 20 410, SRR B AR 5 R AN I, 2000
2010 FEIINIEEER/DN, 2010 45-2020 FHEMEE SR DI L, XUHRAE
FAHATE = VLIR I DOR B ORY IR, RIS S MBUR R R T SEAL, SR AR B
B R R ERS

& 4.1 FIALR 2000 £-2020 FF)A— L EEEHIER (NDVI) FKitsk

FEAy 2000 2010 2020
SSLIE 0.277 0.308 0.620
bRt ZE 0.340 0.365 0.290

K 4.1-4.3 NEIYR 2000 4E-2020 45 NDVI 73 4i[&, wJ LA H, NDVI A
ML 2 2R R BLEHT BT FEALEI RS, 2R, HEH, M
B JUMBERAE B R UK, I sTE R, SRR, A H B R A
REHEFEACE, FER, AOGE, MEZEKERE, YR SREUE & R85

o
[=]

IE1)
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