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Spatio-temporal pattern and evolution trend of ecological environment quality in

the Yellow River Basin
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School of Agriculture, Ningxia University, Yinchuan 750021, China

Abstract: The Yellow River Basin is an important ecological function area in China and plays an important role in the
economic and social development and the ecological security of our country. How to obtain the temporal and spatial pattern
and evolution trend of ecological environment quality in the Yellow River Basin in time and accurately is of great
significance to the protection and construction of ecological environment in the Yellow River Basin. In this paper, Google
Earth Engine (GEE) platform was used to filter the Landsat remote sensing images of the summer ( June—September) from
the target year and before—after the target year. The greenness (NDVI) , wetness (Wet) , heat (LST) and dryness (NDSI)
were calculated by removing the cloud pixels, masking the water body information, and taking the median composites.
Based on this, the remote sensing based ecological index ( RSEI) was established quickly through Principal Component
Analysis (PCA). The results showed that; (1) the average contribution rate of NDVI, Wet, LST and NDSI on the first
principal component (PC1) was 89.60%, and it was feasible to construct RSEI based on PCI in the Yellow River Basin.

(2) From 1990 to 2019, the RSEI presented two stages as a whole: rapid improvement and slow improvement. But from
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1990 to 2000, the average growth trend was 0.005/a, with a growth rate of 11.69% , because the contribution from very
poor to poor (101800 km®) , poor to medium (56900 km*) and medium to good (70800 km*) of ecological environmental
quality levels was greater. From 2000 to 2019, the average growth trend was 0.001/a, with a growth rate of 3.86% only,
because the contribution from poor to very poor (61000 km”) and good to medium (40900 km®) of ecological environmental
quality levels was greater. (3) From 1990 to 2019, the improvement of ecological environment quality accounted for
76.38% of the total area of the Yellow River Basin, among which the significant improvement accounted for 26.14% ; the
reduction of ecological environment quality accounted for 23.62% of the total area of the Yellow River Basin, among which
the significant reduction accounted for 1.46% only. In the past 30 years, the ecological environment quality of the Yellow
River Basin has improved as a whole. The ecological environment quality of the upper and middle reaches of the Yellow
River Basin has improved the fastest, where the ecological projects have been carried out by our country. While the
ecological environment quality of some national key economic development zones has deteriorated. By using the GEE
platform, the temporal and spatial pattern and evolution trend of ecological environment quality in the Yellow River Basin

can be obtained in time and accurately.

Key Words: Yellow River Basin; remote sensing based ecological index; ecological environment quality; Google
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RSEI = (RESI,-RSEI,, )/ (RESI, -RSEI,. ) (3)
K, RSEL,, fl RESL,,, 70328 BARAEAR 1Y RESL 5/ IME A K , RSEL Ry e 4 i AR 54648, % RSEIL LA
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Table 1 Calculation methods of indicators

Omax

Ei=tan Ik

Indicators Calculation methods

ZE NDVI NDVI= (pyig= Prea)/ (PR + Prea)

S Wet Wetpy = 0.0315py,,,+ 0.2021p,..,+ 0.3102p, 4+ 0.1594pyr — 0.6806pgy ki — 0.6109pgy1r,
Wetg; = 0.1511py,,+ 0.1973p,,.,+ 0.3283p, 4+ 0.3407pyr — 0.7117pgyp; — 0.455% gk,

FABE LST LST=T /[ 1+(AT/p)lne] - 273.15

NDSI = ( SI+IBI) /2
IBI=1BI,/ IBI,

)& NDSI IBL; = 2pgyira/ (pswiri * Pair) —L (Pnir/ (Prea Pair) +pgr('un/ (Pswiri + Pgm-,n) ]
IBL, = 2pgwira/ (Pswiri * Pnir) +L (P (Prea ™ PNIR) HPgreen” (Pswikt + Pyreen) ]
S =L (pswiri * Prea) = (Piwe+ Pair) 1/ [ (Pswiri * Prea) + (Pjue + PaiR) ]

NDVI. I3—1kAH #% 35 0 Normalized difference vegetation index; LST; #b £y & Land surface temperature; NDSI; 15— 1k £ 1 48 %0 Normalized
difference soil index ; IBI; & 4% F 145 %1 Index-based built-up index;SI; #f +$§ #7 Soil index o A I B A b R B R T AL R A I
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Fig.2 Methodological workflow
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(1990 4E) , -4 89.60% ., 1 W, PC1 FEEHT 85% L) A8 FRERIE G , MR PC1 #5%8: RSEI 15 % 7]
WIECE AT , dE— 2 R F A 6 B ARG 56 RSET A mT 474 i ik Wk (4)
F—l C,l+l Cl+-1C,|

P

S (4)

o, C R FIROGEE p g or s SEHATHROC /BT AR IR , n AR BT IR RAEL, €, L C, (. C, . C A TR bRIEAH
K 2B Spearman R E) |, &5 H W 3, AT RSEI 340 56 B fi K, R 0.526; FRK & NDSI(0.483) ,
NDVI(0.336) ,LST(0.247) ,Wet(0.229) .
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Table 2 Contributions/loadings of four indexes to first principal component (PC1)

PO
gy Ay el Sk %
Year 23] jir2i-3 A T Contribution
NDVI Wet LST NDSI
1990 0.6490 0.4121 -0.2754 -0.5772 87.43
1995 0.6544 0.4959 -0.1590 -0.5482 87.79
2000 0.7487 0.4021 -0.0197 -0.5267 93.87
2005 0.6846 0.3623 -0.2572 -0.5779 88.59
2010 0.7248 0.3276 -0.3278 -0.5079 88.57
2015 0.6255 0.4167 -0.2802 -0.5971 90.60
2019 0.6763 0.4240 -0.2614 -0.5427 90.32
SF-Y{H Mean 0.6805 0.4058 -0.2258 -0.5540 89.60

R3 BIBFRMEEXMELEE(Spearman HIEC R E)

Table 3 Correlation matrix of indexes ( Spearman)

Ay E Ly E2dEs 0 U TR T8 B AR AL
Year Indicator NDVI Wet LST NDSI RSEI
1990—2019 NDVI 1 -0.248 -0.220 -0.540 0.640
Wet -0.248 1 0.025 -0.413 0.124
LST -0.220 0.025 1 0.495 -0.545
NDSI -0.540 -0.413 0.495 | -0.795
C FHy AR 0.336 0.229 0.247 0.483 0.526

3.2 EI AR AN T A A AR R

B3 40T T 1990—2019 4F 7 ANAE3 B RSEL Y K oA, 45 S 3 W, 0Tl i dul A 25 R85 o o A AA ) 4
RSEI ¥ M 1990 4E1 0.4278 HE4-F] 2019 4Ef4 0.5070 , BK: 3354 0.002/a,30a HE: % 14.03% ,2000
4E RSEL ¥ H IEAE (0.5183) , Bl A H BUAE 1990 4F(0.4278) . [RIA, Hi &l 4 W] %1, 1990—2000 4514 ] #5 if
T A PR R Kb 8 KBS H4 o 0.005/a, B KRR 11.69% ; 1T 2000—2019 43 8] , B 7] i b A
SWE T L R T RE— EF— T RE— LA B3 (AR 2 M KORAE KB H-F 428 0.001/
a, B RAU N 3.86% , DRI, W o8 Tl 3t 3o A A PR 5% B AR Ak 43 ok 2 AN B BEE ST, B 2000 4F: LAHIT (1990—
2000 4F) A1 2000 4= LA (2000—2019 4)

K5 R T #AT s RSEL (B A28 0] 2045 (1990—2019 4F) , B4k F/ BB RESH A1) &
25 (D) XS v A A 7 B T) b rpife A4 Bt B rh 2 - b, 7 B T A, B RV A SR
WX, ARSI TR TSI B (V) A XA R0 A 7 s Sk K R U, A0 H RS ARl
A6 EVEILDL R G B HE X (A5 W (A0 SRR ) SRR G X AR A IR T AR O
(V) WXIREF D AAAEZREIE SEL P BRINERZR ARG X, RIEE S & 0], 1990—2000
AR B S I T AR LA 2 M A8 L TR L T 609% ;2000—2019 4, W LA H A5 R SR N
F ARG A 56% , AT W, 1990—2019 AF B i) it A A8 PR B 1 2 IR AR e 2l 7 A a3
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Fig.4 Cross-annual mean variation of RSEI in the Yellow River

Basin, 1990—2019
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Fig.3 Average and distribution of RSEI in the Yellow River
Basin, 1990—2019
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Fig.5 Distribution of ecological environmental quality levels in the Yellow River Basin, 1990—2019

3.3 BTG AN PR I e A i A
331 AEBIREE R S REAR

PR ST, 43 2 ASIHE (1990—2000 4E  2000—2019 4F ) AIFFT 88 0] 37 dok A 245 B 55 I 1) 45 2 3 2
HF¢ 4 355 Al 0, B s IX A 25 BREE i DA 1990—2019 4F A 52 3« Pk A8 i R8I 1Y A8 i

http ; //www.ecologica.cn



2

19 1 Wi A BRI A A PR A IR s A ) 5 A 7633

#, BARSHAT .

FH 2 4 AT DL 1990—2000 AF M) , Az 25 PR 5 J0t et A5 90 4 /&5 19 T AR 25.74 77 km® o BT 300 380 T FR Y
32.04% , i A= 25 P8 e 5 B AL I TR 3.29 5 km? AN (5 B 30) 0 e B T AR AY 4.10% . 427 B9 T AR LR Ak
FIT AR 27.94% , ] WX — B AR S IR BT i Rl AR 4, i3 4 I8 ] 80, A 25 3R I i DO AR A 1) S AT
R T 2 (10,18 J5 km?) EEHE KP4 (5.69 J7 km®) PR L (7.08 7 km?) BT A

H 2% 5 7] 0L, 2000—2019 4FHATH] , A A5 20855 ot f A8 82 = 0 TRT AR A 16,81 7 km?®, o B 90T 378 3uf A 1A FHL 1Y)
20.94% , 1A= 25008 T 4GB B TR N 14.23 5 km® | (5 BB AR Y 17.73% 45 5 A FR HGE 1k
PR Z ) 3.219% , 7] D3k — B AR RIS i SR G218 e 4. B3R 5 A T, AR AR BB ot o 2 5 22 1 11 I
B, EE R TA R 25 (6.10 J7 km®) (R¥E %5 (4.09 77 km?) BTERE K.

£ 4 1990—2000 F &R ESHEREL REBIERE kn®

Table 4 Transition matrix of ecological environmental quality levels in the Yellow River Basin, 1990—2000

A S IRBE T i A 2000
Ecological environmental ) ]
quality levels (D) B2 (1) HrAE (1) R (1V) (V)
1990 #(1) 31135(ARAR) 101846 ( #5) 492( ) 30(#5E)

(1) 232(iR1k) 187745 (7)) 56922 ($EE) 1543 ($E) 22($2)
R4 (TIT) 9(ikfk) 11766 (iE1k) 146659 ( RAR) 70846 ($215) 1424 (#5)
R(1V) 66(iR1k) 14110(iB1k) 114290 ( A7) 24285 ($£#)
(V) 57(iB1k) 6709 (iB1k) 33328 (AE)

£S5 2000—2019 FETRBESHERESREBLERE kn®

Table 5 Transition matrix of ecological environmental quality levels in the Yellow River Basin, 2000—2019

A ASIREE I SRR 2019
Ecological environmental
quality levels Z(T) $557'?(11) rhé@(ﬂl) R (IV) fj[:(V)
2000 Z(1) 28193 ( A7E) 2937($2E) 184(#2) 12($2)
B (1) 61032(iR1k) 149517 (7% 86893 (L) 3697 (#2) 18 (HEH)
HrSE (1) 34(iB1k) 14332 (iB1k) 140739 (A2) 62359($25) 384 (HEE)
R(IV) 5(ik1k) 1489 (i1k) 40915 (iE1k) 139359 ( A7) 11583 (#
V) 46 (iB1k) 742(181k) 23737(iB1k) 34523 ( A7F)

332 RSB EA L ER

K GEE ‘B 7 #2 4L 04 7] 5 pR %% ( Ridge regression ) #8058 Jii 5 1990—2019 4 11 (1Y) RSEL 22 {k i %4
DA ARAS AR B B v (P () . B 6 nl L, TRIF AP IX P —RKA BT IX PRS0 28 55 X | R 22 5%
X 55 RS T & X, AR S IREE T I A 5 T 7K 378 2 B kg 7™ B 94 8T v O e DX (A W A A | T 2 S
B A B R H R PSR b e b X A 2SR Rk A b

H L7 PR B A S FREE B A2 At #4043 4R T+ (P<0.05) R FHEA R 2 (P>0.05) | W E R
(P<0.05) FEMLHEA G (P>0.05)4 A, 5 R FW BT i b A4 25 85 0 1 A0 A0 A7 A6 W I 1) 2 T S o e
gt (B 7) AR B B2 T A0 T RR o BT R TR AR Y 76.38% , Horb i AR A TR AR 5 26.14%, E
AP IOt AT A T AR oy BT A B T AR 23.62% , e rh b B AR T RN 7 1.46% , X LU R T, BT i sl A=
A BRI AR LR AR 2 ) 52.76% , 3814k I R TFiEa

4 itig

4.1 RSEI # A )54
SRR R R R 20, B—IBRI PR B A —E BRCR , LU A ST i £
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Fb, ELAT AT 00 e 255 A AR A 25 3 85 o et AR AR AS DA B A T kA7 T R Ak | R 2 40 A R R 3 A £
B2 RSET BUAR AN AT BESE 4 S WISk A A A BE i (H B R B A SRR S e e ol AT 59—, BT LA
Hajh i 72,

RSEL##/5a = BERT (26.14%) = JRTHEA L3 (50.24%)
<-0.05 0 >0.05 FEAREAR B3 (22.16%) = BEFEAR (1.46%)
B 6 1990—2019 4 &M RSEI T #a S E7 RSEIZHEHZEE
Fig.6 Trends of RSEI in the Yellow River Basin, 1990—2019 Fig.7 Significance of RSEI trends
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