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Abstract: The Yellow River Basin plays an important role in China’s economic and social development and ecological
security. The natural evolution and human activities in past decades had a profound impact on the Basin. A systematic and
scientific understanding of the environmental changes in the Yellow River Basin is an important premise to achieve the high-
quality development of the Basin. Using landsat imagery ( 17080 scenes) and the classification and regression trees
algorithm , mapped and analyzed the annual continuous land use/cover change ( LUCC) of the Yellow River Basin based on
the Google Earth Engine platform and complex network analysis methods, and provided a set of 90 m resolution continuous
annual land use/cover maps from 1986 to 2018. The assessment based on 1000 independent validation points collected in
Google Earth indicated that these maps achieved an overall accuracy of 82.6% for 7 first-degree classes and 74.7% for 15
second-degree classes. The analysis of the land system showed that the Yellow River Basin presented complex temporal and
spatial changes during the study period. The main LUCC patterns included no change or little change, urban expansion with
croplands loss, grasslands restoration, orchard and terrace expansion, and forests growth. In the land use/cover transfer
network , high coverage grasslands, low-vegetated lands, and the mixed forests were the key land class nodes in the land
system of the Yellow River Basin, with high degrees and frequent transfers with other classes. In addition, the nodes of
orchard and terrace, croplands, and urban and built-up all had high diversity and closeness and form one relatively active
network community structure. The transfers between them were more important land transfer types in the land system. Time
series transfer network analysis showed that the land system of the Yellow River Basin had three unstable periods in 1993—
1998, 2001—2007, and 2011—2014 with lower average shortest-path length and higher network density and network
transitivity. The possible reasons for these three periods are the reclamation of a large amount of agricultural land, the
implementation of the Grain for Green program, and the large increase in orchard and terrace, respectively. Based on the
data and analysis results, we can further understand the role of the land system in the mutual feedback between society and
the environment. The results of LUCC analysis revealed the land use/cover dynamics caused by frequent human activities in
the Yellow River Basin, provided insights on the impact of environmental policies and socio-economic activities on the land
system, which showed that the Yellow River is moving towards achieving the sustainable development goals of livelihood
security, economic growth, and ecological protection. Research provided new data processing methods and new system
science perspectives for LUCC analysis, which can help to achieve high-quality regional development and to understand the

interaction between human and natural systems.

Key Words: Yellow River Basin; Google Earth Engine; complex network ; land use/cover change
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Table 1 Datasets used in this study

Kl oE GEE ID Hepm e tr i Ji) B/ 4F 23 [H] 43 P
Dataset GEE ID Dataset provider Period Spatial resolution
Landsat 5 138 5 5 R

Landsat 5 surface reflectance LANDSAT/LT05/C01/T1_SR USGS 1986—2011 30 m

data

Landsat 7 13 5 R85

Landsat 7 surface reflectance LANDSAT/LE07/C01/T1_SR USGS 2012 30 m

data

Landsat 8 136 & i R0
Landsat 8 surface reflectance LANDSAT/LCO08/CO01/T1_SR USGS 2013—2018 30 m
data

SRTM %7 = i

SRTM digital elevation USGS/SRTMGL1_003 NASA/USGS/JPL 2000 30 m
data
SRTM HbJE 2 1 Bl
SP/ERGo/1_0/Global/SRTM servati
SRTM topographic diversity CSP/ERGo/1_0/Global/SRTM_ Conservation 2000 270m

topoDiversity Science Partners
data

Landsat 151 J2& 32 = #b JT 45 J5) ( United States Geological Survey, USGS) F13€ [ [E i 25 fii K J&) ( National
Aeronautics and Space Administration, NASA) FYECE T H | L)L 30 m 1955 [8] 73 PER 10 A ER R 1, IRt T
JLHAFE R 2Bk R A . AT 2003 45 5 A 31 H Landsat 7 T2 M HLERE TR IE 48 H BLAG e, BT
ZJG 1) Landsat 7 ETM+PFEUSHERAE LR 2R A0 i I A AR BFSE I 6 7 ] 1986 4F 2 2011 4F (1 Landsat
5.2012 4Ff¥ Landsat 7 F1 2013 4F % 2018 41 Landsat 8 (432 52 4 3 EE | L4504 5 2 46 56 JLARPRG A TE A
RAKIE, JF H A T CFMASK 835 25 iU = B2 K F S5 A9 HE 42 9% Bt, SRTM ( Shuttle Radar
Topography Mission ) %85 = B4 fH NASA W HE 2565 % (Jet Propulsion Laboratory, JPL) #2173 8E4 30
m, 4Bk SRTM HUJE ZHEHEEE T A SRTM B s R8s , B 3RAE T W00 ml R 58 b A S A 2 b 9% & R i
FIIELRE 5%, TR B0 22 A% (4 M T S A 2507 1T DA S Rp RO s ARG A R 2 R
2.1.2 BHAH/ B KRG

A T (e FH RS 0 P R BT ) DX BRI AR S8 T T 38 T i A R R G (R 2) . B
B RGRM R X B AE R RGLZ — AN A XA R b PRS0 S5 1 22 5 A KRB A [R], A 92 AR
I Bt 7 o R M A AR b R BT R R, A, B 1999 AESIE IR BHE AR TR B AT A 20 4 1EA R
HERAT A AR ZE 5 2 e i) B AR it , IR AR ARG AR P AR, Horh 28 PR (1 an 2R ) o TAR K L
il TV, VE S a3 06 BT AR K A ORAp AR Y B S, )32 A 70 8 b s I B Y AR AR AN FURAE Y
TN TS RS K 3 2 A Aol A 7= 7 T & 456 EEAE R, P AR WTSE i 403 SR ge g 1« R el
FRE " S50 Rl b 53Ry 1 A A FE Y A SRR RS FH P2, ANBFREI S R G e LT 7 4k
3,15 A, AN SRR A4 R SR U Wk 2,

2.1.3 SRR

BSR4 B A A/ B R A 7 AR IESE A T A Rl G 22 R Y R R B R
RUGPRHELBR (1 2) o Bl A i 58 2 T GEE V- &, A045 Landsat £ A TR AR BES2AR A B I ZRAE A
21 43255 [l H ] ( Classification and Regression Trees, CART) W A R NG SR AT

Zid mREIE (Z B ER<10%) , )\ 1986 4EF] 2018 4F, FEWFFE K I FE3 4 T 17080 5t Landsat #4415,
HraLfE 12957 5t Landsat 5,527 5¢A) Landsat 7 1 3596 5t/ Landsat 8 5415, P RAEIRAT 517 5o1% I
HEZ RGeS EEHLIX . T R 88450 1Y 5 BT it Landsat 5243 H T BARFEAR 195025 A5
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5 24 A A AR BRI R %0 11, FF BARAERT ] %5 0 i Y Landsat 2088317 i% | L = MBUREE 5, i H
FE A B s A U 9 X IR A AEFE R4S . BR T Landsat A5 B0 6 P B (15 &% 40 407k IR 4rsh 1 ik
ZLA02) AT =R R SRTM T8 22 A% 1 580 A 0 A 2 SR 50 A 48 B 43 28 AR i 4 |l T iy A i
TGRS 1T — 1k 7 5138 %% ( Normalized Difference Built-up Index, NDBI) /") 9 —fk 15 B 45 %} ( Normalized
Difference Moisture Index, NDMI) """ 384454 445 %2 ( Soil Adjusted Vegetation Index, SAVI) 2" FH—{k 4l
B350 ( Normalized Difference Vegetation Index, NDVI) " | FAMNAINA T 5 K NDVI Flfz/N NDVI( HFR4EAY
PR B T AR AR 3 NDVI B 95% F1 5% 5300550 KA W DX 37 ot i S A B

K2 FHARPMEDLRE

Table 2 The classification system of land use/cover in this study

— K /&S Wi
First-degree class Second-degree class  Description
HHh Forests T4 I PATE M R MR AN T GEJE>2 m A 3R >60%)
HERER B PLH SR MHARAN T GEIE>2 m MR 35 R >60%)
SN SRR b ;i%g;fﬁﬁ%tﬁi( Rl 40%—60% ) HIIR S HRHL (JE)Z>2 m,
£ M\ Shrublands TN VI NAREZ AR T (1—2 m &), >60% W 55 %
Bl Grasslands R 35 5 T BRI T, <30% AU 36 15, 22 R /NI — AR R RO YY)
FRE I O 7 25 B P AR I B, 30%—60% 11 78 7% B
i 7 2 T R R B B, > 609% MU 5 1, 22 O 2 4F AR R REAHEY)
Al b Agricultural lands B PI—AEA BARRAVEY (<2 m) N E, A 80% L RSP ffe
SR Bl A TEYE b b A K AR I AN TAE B BOIR A, 095 S Bl A
o &Efﬁfﬂp SR 4 0% TR AL SULR A SR K R
JKAK Water bodies HiFK 2/ 609 11 DX I3 18 b 2R S /K T 7
T R e ) 8 -, HOR M 5% 0 30%—60% A BE R R T 10%
TR FK A 60% 1 I AL R vk w5
YHUHIIAE Bl 25 2% VBt T/ 609 1 IX I VbV R 7 1 A R B
Desert and low-vegetated lands AR w5 71> 60% 14 M IX AR 45 76 RN 109 A ARAB 4 i, 490 400 S S sl

HFINGREA BN S B AR S 1 A TEWFFE XS P, 7R Se S AR rh P2 B F T4 28801 25
RURFIEE . S EHEARRTE GEE B Landsat fY RGB E A& M A% Al Google Earth =5 73 HER KME AT
SEHIWTIHF B2 HIA . FEXT A RN Z 195328, LB T 20 B 43 25 07 1 0 M R0 AR ik 98 ik
27 CART YRR 26885000 . CART 43258 H 5k T8 4 v A48 1 i JL D00 42 5 ) o A5 78 | o 80 2 [l i A 7
386 U400 43, AR A BB 2 ] 43 DX PN ) N 2% £ 0 AR AR e R AU TR Y | B S5 AR A SE R R D SRA , BXt
St B T BE RGBS, CART B3 A I 28 SUBRTE X B SR AR HEA T8 B, A SR A A PR 45 25 v A A 2R, DU
PR ZIAL, 75 PR MR | fe 5 , R4S RR S BRI 4 1 e L = SUR , FE AR B o3 2 BEALIE FH 80% 1=
FZREARZ NG, HAR 20% ] TI R KA UIAE BE . O T — D0 o0 R85 R ARG AH FH 23 25 X
—AEHEAT 10 AP, G TSR B, SRS AL 0] 3 50 19 232 45 S v ol T AR st () 1 3h o 11k — 25 i 4
BHE A  BF [)— B0k W BT S SR R 1Y - b SIS bR 28 T A B ) 1 TP A AR A AR, A
WFFRAE 33 AF Pl S BRI 1 3 4EH1 5 ARl i 1, e e 88 1R B4 A9 5 4R 1 1, i A ik A7 3%
B4 2SR AL TR M | e A2 7 H— B B 4k 90 m AN T S 4F 1 4 iR /8 il B 46

Z BT = 0 BE Google Earth ULAERT [B]_L A A A0 R A9 0] M A58 FHBENLRAE 775 M Google Earth
T PER R IR T AR AE 2001 4E 2 2018 419 1000 AN 3 20 HER B 1) 23 18] BEAILIG IE 5 % 45 R b AT
TEAG (1 3) , BiESs R BoR B et R AF, 7 A — M R 5 5] 82.6% , 15 A~ 905 1) S AR HERf R
K 74.7% , IR TN e B oK, o 7 35 5 R R SR AR (F1—score 4393124 0.92,0.92 F10.91)
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Fig.2 Workflow for the long—term annual land use/cover production in this study
CART: 43255 [BIJAH} Classification and Regression Trees; NDBI: I3 —fb #4541 Normalized Difference Built-up Index; NDMI. JH—fL 3B 4§
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Fig.3 The geographical distribution of 1000 independent random validation points collected in Google Earth
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R s Rt RGN — D EIRAR G, T I M S T5 ik, 454 GEE 13 2 Y B4 1] i 5% 20 4F
LUCC 5 8, Mol - R il /B e e A W 28, L PP 288 B89 s D0 25 LSS 38 10 O A M 2K 5 2 P AF 22 (8] ) e
MRA, Tk LUCC MS 2% RIS T [ A AU 2%, 3 100 by B 1 0 2 48 1) B A M2, 328 10 AU D i 26 e
FRTAIRR T if g A ) 4 g S0 1 b 1) P B R I 208 DL IEL 4 T 288 mh 3 ) DR/ INRATE A 25 Y B 3
RN AL MR B RS (0 TR SR T BB (LR AR e R R HE ARy o 19 AR AR TR B AR R i 1 v A
HRC P I AR TR AR DX 54 1220 BB 8 28 458 Tl 2 ) 60 35 I SR R I R R 2 R R T R B
RSO A I3 R B R A D00 2% T o1 A T 43 4 B e i R R A h A P T R i
OPE T RZS R R (R 4)

®3I MTWIEREMNRIBER

Table 3 Confusion matrix of independent validation points set.

RANHE PR TN ZE Prediction

Class DBF ENF MF  Shmb [LCG MCG HCG Crop OT  UB  Water Wet Smow DB LV PA
o I 55 DBF 58 0 5 1 0 0 0 5 0 0 1 0 0 0 83%
Reference ENF 0 20 0 0 0 0 0 0 0 0 0 0 0 0 100%
MF 8 1 50 0 0 0 0 0 0 0 0 0 0 85%
Shrub 2 3 1 32 0 0 3 0 0 0 0 0 0 8%
LCG 0 0 0 0 64 20 0 6 9 0 0 0 0 2 7 59%
MCG 7 0 5 2 51 4 2 7 2 0 1 0 5 3 56%
HCG 1 0 7 0 0 1 159 2 3 1 0 1 0 2 4 88%
Crop 1 0 2 0 12 14 0 9% 23 4 0 3 0 2 1 61%
or 3 0 3 3 2 2 0 6 77 0 0 0 0 0 2 79%
UB 0 0 0 0 2 1 0 0 3 31 0 1 0 0 2 8%
Water 0 0 0 0 0 0 0 0 1 2 25 2 0 0 0 83%
Wet 0 0 0 0 0 0 0 0 0 1 1 12 0 0 0 86%
Snow 0 0 0 0 0 0 0 0 0 0 0 0 18 0 0 100%
DB 0 0 0 0 0 1 0 0 0 0 0 0 0 26 0 96%
LV 0 0 0 0 0 4 3 1 0 0 0 0 3 6 28 62%
UA  T72% 83% 68% 84% 18% 54% 96% 85% 59% 6% 9% 51% 86% 60%  60% 75%

Fl-score 077 091 076 081 067 055 092 071 067 077 089 069 092 074 061

DBF ;%M [ -4, Deciduous Broadleaf Forests; ENF; % 441 Ik, Evergreen Needleleaf Forests; MF; 7% % ¢ 2 bk, Mixed Forests; Shrub: 3 A\, Shrublands;
LCG . R % 5, Low Coverage Grasslands; MCG ; H % 2 54, Medium Coverage Grasslands; HCG ;5578 % 541, High Coverage Grasslands; Crop: &4/, Croplands
OT ;S FaFk 1T, Orchard and Terrace; UB 3T J 2 4% A Hb , Urban and Built-up; Water: #13%/K , Surface Water; Wet: {1, Wetlands; Snow: FA%5 H17K, Snow and Ice;
DB VM FIHE L, Desert and Bare soil; LV AIRHIEA % Hi 2%, Low-vegelated Lands; UA; FIF HEBIZR User's accuracy; PA; AP B HERIZE Producer’s accuracy , Fl-score &
PA 1 UA BT %

N T HE— ARG SR R e R G 2 33 ARAER ] NUEE_L i Ak R Ax I b R 2 R AR I 2
1 32 AN PIAR Z 8] 9 M/ B Re R 1 2%, g4 10 e R T DAy I 458 B L A R SR P AF 2 T 1Y
R B RS AE N A %30, T A AR 22 ) L R P B RS T 45 B BE R A, 2 A TR
B 5~ W 2 B AR bR A AL AL, AT 483 75 B TR) il b 2R G5 M )8 A LA (00 T T 2% 48 1 32 B H R p B - P 2
B AR T A Y N L s v (2 4)

3 ZR5iTie

3.1 HHURIH B 2 A

1986—2018 4F:[1] , Heynl i dal i = 2 1Y Hb S 2 Fo b, 12 o BRI 42.9% , o 46 4 A T s
Ui ) v 7 T M (18.8% ) | #8 - i RV AL AR A 7 B35 L (12.5% ) AR B AR R S b (11.6%) . H
U A AT D 8 B g Y R DX () A b FH b, 285 A8 T 55 SRR R T T ARURE 224, e o 8 3 8 6 1T AL ) 29.6%
R RAMKUORALTE = AR R AR (12.9%) , TN (3.0%) R T K g I (3.0% ) o KR T B/
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Fig.4 Land use/cover transfer network of the whole period and its community structure
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Table 5 Measurement statistics of nodes in the land use/cover transfer network during the whole period

251 S AP Z HE ANE £ I AMIY 2 4R Z R
Land use/cover class Betweenness Degree Outdegree Indegree Closeness Diversity
B PE S5 B High coverage grasslands 3.59 757 376 381 1 0.87
AR Y7 35 M1 Low-vegetated lands 2.54 818 410 408 1 0.88
TN # LR AR Mixed forests 2.24 756 382 374 1 0.88
F 35 B Medium coverage grasslands 1.56 769 383 386 1 0.89
S AR Orchard and terrace 1.23 744 373 371 0.93 0.9
1B Wetlands 0.94 672 335 337 1 0.86
P FE Ak Deciduous broadleaf forests 0.86 652 329 323 0.93 0.87
BWIHFH Croplands 0.82 782 392 390 1 0.92
WK Surface water 0.58 692 347 345 1 0.9
VPR £ Desert and bare soil 0.52 628 310 318 0.88 0.9
W7 B Urban and built-up lands 0.36 688 342 346 0.93 0.86
R Z 5 Low coverage grasslands 0.36 685 343 342 1 0.88
M Shrublands 0.35 529 267 262 0.93 0.86
UK Snow and ice 0.03 318 157 161 0.88 0.78
HERETH K Evergreen needleleaf forests 0.01 292 145 147 0.88 0.78
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