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Him, RHGEREGE, Fgem H S5 A i Bt
17 78 M B 8 B AT, TERR I RBE AT R . BdE kR
I PE S PR AR AR A A WP R RS T
[HISA R T

T H XA - 6 15 3 1) ELEAE Y SRR B Ak
Bk, AT AR IS IR T A RR S I AN B A VAl XS
NG R A SRR . DRI BT & SCE AROL AR  AR A
TYE XSk ] Rk i A L Y AR R T 2 R
B R, ER M BRI E, DUEBYEET. B B
W B, KA Landsat-5 TM A1 Landsat-8 OLI/TIRS 5%
G, S56HEREHEREGE L0l H @k Tk, AR,
SRFE . INERT R RS, 18 FH 3B Bk i RSEI 5
A, DASEEUN I H XA A PR i 25 28 4 () M DU VA

1 M=RFBE

1.1 HHREBE

- bR A R b B IR K LR O 2 B AL SUR
AR . T AREEM B, ST LREEENE (L
WP TR, B SHOK TR, IS TR, £
PR AR A T Rk, BRI A . B
FHT RSN AR E X AEASKE 482 Hi%
s AR E R, 52 B E R 0 AR AR IR
ERFEMAE I, K. EYS. AERERH,
HiEE G TR it S A A P g A v R . AR
TEENEE AR, B T SRRy IR, bR
5 FE A, T LIRS 5 IR AR, WG R
20, e BRI I, LA TR St K 1t

S R K YR IC B . SR m KRR R AR . gk
VR EERT, EAYERIH, TR TR LA
T AR A e 5 D AR T R B 5 A R S TR S, B
T AR ARSI RGBT ET S, SN,
T TR 8 P sh ot T B X AR 25 PR 5 1R RS W 5
% LRE@RESHE, HIEMER. A s E W
B R, IRV — R — 7 2 3~5 al;
TEE I — & B J5, TUH X 4ol A= 7= gg 7 fiE
BB R E— s — e R A,

TR SRR ARSI E RN, BT E R
FE. GRPE. RE. TSR T U0, o, 44
KAy KRR B 5 5 IR A MR DL H
WK B YIS IR Jy . KR R B2 5 i AR AR
fh; LR HhRB S SR AL LI
TR RHOB R R E S s 5 R T E AR
TEF ARSI, AR & 8 28 0 4 A Ok B IR
HR R B SR AR R AR B, 40 i P 20 A5 e () V8 S 4y
L TR HON MR E A ARRIB . SRR
HTFEFY N TAESRGEMEEARR S, BRAE
KRR E BRAES RS, SETHERN “TH”,
RIS (B 85K “TFE” o AN
M FIRTEAR 1) RSELIE A ST PN R AT + 8
BIE XASHE RSN, Hd, BE. E.

HEMTE SR REE &, A esfa %, R
£ VL ST BEFRECRAL
1.2 SEHRRTE
1.2.1 BEF
TRy B (WET) W] bR Kk, 38 AIAE 1k (1
BRI . 2% Crist®Al Baig P08, 3T T™ I
OLI #3147 WET #&HL, tHHAER (D o (2 &
WETqpp) = 0.0315 ), +0.2021p,p, +
0.3102,.,4 +0.1594 pyp —
0.6806 pyir; —0-6109 Pywirs e))

WETop) = 0.1511py1e +0.1972 0y +
0.3283 p, .y +0.3407 pyg —
0.7117 pswrs —0-4559 Pswira (2

FH Potues Pareens Preds PNIRS Pswiri~ Pswire 74 E R TM
G OLL S8 TS BTG DR B . SR B, 2Lk, i
LANBE B FEPELTAN 1 P BN R AL A0 2 BRI IR %
1.2.2 SREARAT

5 —fk 1 45 #5 2 (NDVI, normalized difference
vegetation index) /& FR4E Y I 7E £0 50U B W ORI
LT AN B RO R A, BRAE ) A B TR
FRE VL SNBSS IS8, AWFFLLL NDVI RAESEE
febr, THEITENLL 3 .

NDV] = 2NR ~ Pred (3)
PNIR T Pred
K paiRs Prea 7 NZRIN B SAG BTN LRI 21 AN B A2
G TN
1.2.3 RE4RAR

HRBESHEENAERKS S RIEYPE. R
IKGHIRZE RAIGH G SRR B VARG, 2 O R A58 ()
B AR 5T LA I I 35 1) 3R B (LST, land surface
temperature) FIEREIRIR. HARTHESRAWT:

1) X% Landsat 5 ff] TM6 % Bt, FIF LM BAR
SHERRSEEZ UK S (DN, digital number) F4Hy
R BRI AR I S BEAE (L) 85 B S 55 pR 2045 3
A& KA G e IR (T, , JEfimid R this
B (g) ¥R HSTEE (LST) o 1HHE 7L

4. 3. .
Ly = gain- DN+ bias D
T, =K,/In(K,/Ls +1) (5
LST =T, /[1+ (AT /&) In &, (6)

K gain 1 bias 53 514 TM6 I B 18 2518 5 0w B AR, 79
AIEL 0.056 A1 1.238; K, Fl K, NERR &%, A% 08
PEAREL Aok A B 11.48 um, a BY 1.438x1072 mK; &
RFET TM6 LR LL4R %

2) T Landsat8 FFH) 2 NAMNEE, &R 10
HEAT MO RIS, TSR G € b J5 19 B AL Ah ik B 168
S EE (L, HPas 3 ANHEEHS, RS m L
R SCRE . M SR R A KRR JE R T
AR RIRREE, DLACORAA RS BIA HTH 5 [ 5
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BT, TR AR R AR R 1 AL A R S T A
BONER (7D« (8) .
Ly :710[510310(7;)+(1—510)110¢]+110T 7
By (1) =Ly _110T _710(1—‘910)110%/710510 (8)
A Ly AR RS o B, AR ERRIRIG 10
NRAAERLLINB BB N 5y 60 NHBR LIRSS, T,
NHRIRE . Bio(Ty)s&5 T, M A 0 BARER I 72 s 1o 0
Lo A AR KA R B R AR S 52
MR E SR (LST) B v e AR, TR A
R (9
LST =K, /In(K, / B,y (T,)+1) (9

A Ky F K e b R4, I SR e B s,
FEFRFR SRR, BUKR ISR FLAR S 508 0.995; Hh
R ILERIF 2 g6 Al &9 JBIL Sobrino #2HifY) NDVI B %3k
El[zs]o T10~ ]10T*D [10¢72<i&’ %%*ﬁf&‘f?éﬁ/ﬁﬁ%%ﬂ
I, WIEHE G ES T OEg R, RAME RS
T ) 7 V23R
1.2.4 FREAET

N E S (IBI, index-based built-up index) F1
BRAEFEEL (ST, soil index) AT FEfRbR, AT
(NDBSI, normalized difference built-up and soil index) ,

WHEELA (100 . ap . a2 .
NDBSI = (SI+IBI)/ 2 (10)
Sl = (Pswiri * Prea) = (Powe + Pnir) an

(Pswir1 + Prea) + (Pole + PNIR)
IBI = {2 pswir1 / (Pswir1 + PNir ) —
[ANIR / (PNIR + Pred) T Pereen /
(Pgreen + Pswiri)1} /{2 Pswir1 /
(Pswiri + Pnr) [ onr /
(PNIR + Prea) + Pereen !
(pgreen + PSWIRI )]} (12>
FH Potues Pareens Preds PNIRS Pswiri~ Pswire 7 F R TM
SAZA OLL Se G TN B IE DR B . SR B 2L, i
AW A= S  ARA B AE IV AR - 32 41118 n g <
1.3 RSEl L283E#

K FE e 4 Mrik (PCA, principal component
analysis) XVRE. SR AT E ) mIEREITER,
PLIE RO 1177 ZE NALEE, X 28 3 b v A0 Ab 28L 1P 25 DF A 45
PRATSE AV . BARD IR

D fEbrbriElL

BT B TR e N AR —, RHWE
FRAEATTIERT TR bR BEATAR AL AR BE, g N5 — 2[0,
1], tHEFERLL (13D .

I-1_.
NI = min (13)

Imax - [min

FUH NI (normalized index) AFr#EAL G KITEIRE; T NiZ%
FERRIEUE RN s L T L 70 B ZFBARAEREAG R 1 B
KRAEAER/ME

2) RSEI f6¥it5

SR EAL G B & TR . SEE . BVE. TR bRk
ITRBE R FEXT & U I EBHREAT sy 84, FIH
FE AT 5 R YRR AR AR 5 (RSEL) ,
JiEE (14)

RSEI, = PCA[f(WET,NDVILST,NDBSI)]  (14)
A PCA FRER 4. NETHEIEXTEL, XF RSE
HEATFRAEAL AL FE A B RSEL, 85 W (15) &
RSEI,—RSEI, ...
RSEI, ... —RSEI, ..

P RSEI MR A8, HEVEED[0, 1], B
1 ARSI B S -

2 RS EMEBE

2.1 HREER

AT 5T 35 BT T 2 S 2 T R X v v v A P A
TH e BT 6. Z 0B AT S X AR AL, kb
112°00'56"E~112°0523"E, 29°09'05"N~29°15'01"N, Il
H XA E WL 1. TH X8 b #1630 ey o B 10 2
KIREAE, HERLE, ZXAEHR, UES]; 245
il 16.8 C, EFEKE 1340 mm, ETHE L 281 d;
TH X AT R, PR 25 me T0H X AR A
DU B EYIN T, BT KRE; AA L5 E
), EFNMAE. .

T H E WL 2 867.66 hm?®, 3% % 8 541.78 Ji 7T,
SEHERAN 2011—2013 4. TH 98 K& 12 AMTEUN, SEEL
PGBk 217.45 hm?,  JL5E P4 TR 309.80 hm?,
FE4+07 3118 Ji m’s s, BASHEMEE. HKE K&
FEHEWS FHIRTE 264.23 km, B 4 548 J&, &Kt 180 J&,
BB EEEL 180 HE, MLHHHF 60 M, HirEZiEk 1.41 km; %
&, FriEmEE 297.44 km, 4778% 173.81 km. @it
Hshti, 5638 7 00H XN, $27 7 3R
BeEKF, 568 T HIER RS, Rl A= hks
FiE 7 N Z P A KR, TERRT “ THhEia+ 4=k
BER ML BIRFEE, ST T A RORAR RIS
2.2 EMBBESHIELIE

AHIE ST AT IR B S T H R R TR IR IEGAR
GORLRN S HO R A Bk . o T H g v R S I H B
RIBHR S . BT UERE . THIVRE (150000 .
TH®R T (1:2000) ; EEAZTEMLHE Landsat 5
TM. Landsat 8 OLI 1 TIRS 1%, #REUH [a] 4 5 A
2011-08-18 CEVA R ) + 2013-08-07 (E&y4 1) F11 2017-08-18
BRI, BB RIIE TAE e 11 8, B aE
AN 0.08%. 0.64%. 2.24%; SEHIABTEERMERE LA
BUBTH . vk B IEESE. AR, BTERAES
Fabr P A AR AR RO TR, T R IR, AT
IR AP ER 3 SRR T Landsat-5 & TM &S
Landsat-8 /2 TIRS 12848, 40 #1550 509 120, 100 m,
T 25 S HE 7 e 8 30 m, TR0 MIHEAT RIS,
RN 22 58 SR EHE DA SCHE ARSI AL

RSEI = (15
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=3 7K H Paddyfield
[ 544 Dry land
B 2F Orchards

53 HAfthFe #1 Other garden plots
= A ki Wood land

= T /K I River surface
3 HiyE/K I Pond surface
PN [E¥EYR Beaches and flats

Bl RERRETE
Fig.1 Location of land consolidation project area

=3 93 Irrigation canals and ditches

= K TESFH Glaciers and firns

B PR FiHL Facility agricultural land
B PR Wet land

B FH4E Areas of cities and town

= A Village

0 R4 e B R i

Scenic spots and special sites

BAE WA RN T, 1) ETHAE R, R
ArcGIS10.2 65, $REUFFCIX A AT H THE 2 A s
2) FETIBIEEALZEAE, M ENVI 5.3 °F & #1755 fidb
H: OfF H =k 2 IR B AR I AR CiE 0 AN [F] B AR 1) =
S BT TR E, I TR ZE /N T 0.5 MBI A
Wi EAEFEER . QX 5% i B B AR AT R o e b, B
SRR FEAE L4 A AR 1K S 5 % ®f# A FLAASH K
SBIE T E XS ISR AT W IE 40 ahi Bt AT KA
RIE, JHBR SRR S TR Z0T i) S S sz s @A
T H X 30 5t B Al k1T 58

3 SRS

3.1 RSEl REMESKIE
3.1.1 RSEI &AMz

BAREAL G S AT R . ST, BNEE . T REEFRbRiE
TR BA R FHX 6 B R B3 T PCA ARk, 153
FRRA AR, WE 1. ERER: O3 MBS
bR 8 — FE R BT R 2 5~ 62.99%  72.70% FH
66.89%, R —F T T 4 TFRHR 0 RHES 7 FF Ak
QTEH—FE M, WBEFRFR (WET) ML FaFR (NDVD
NIEE, RPZENESHERERGREEH; #E
febr (LST) AITFEfekr (NDBSD Nfif, #iHIX 2 1
FRbRAT AR RS PR & B S sgm s 3 MY B TR R
B, BT E X AR A5 5 S A K
O@Hh F R FaFR T 5 AR/ IA TG, SRR
FERES, WA R — R AT AR R A . T

RELSHEFREMAN, KA 1-PC1 HFEWHAATE
¥ RSEL™, 3fit—%t RSEL, #ATFRUELALTR, 1535
RSEI 1644

F1 EWMHPOWER

Table 1 Result of principal component analysis

BBt EzEa)

Stage Index PC1 PC2 PC3 PC4
WET 0258 -0.742 0.307 0.538
NDVI 0.365 0.608  —0.068 0.702
IR LST -0.430 0264 0860  0.079
Before
land NDBSI -0.785 -0.106 —0.402 0.460
consolid- P
ation FAE
Eigenvalue (RSEI) 0.094 0.035 0.018 0.002
AL TR 6299 2359 1321 117
Percent eigenvalue%
WET 0.5872 0.0157 0.5828 0.5615
NDVI 02435 -0.5406 -0.666 04521
b LST 0458  -0.7591 -0.462  0.0202
During
land NDBSI -0.622 0.3623 -0.051 0.693
consolid- -
ation il
Eigenvalue (RSEI) 0.116 0.027 0.015 0.001
FHEE DTk A

72.70 16.93 9.48 0.88
Percent eigenvalue%

WET 0520 0257 0545  0.606
NDVI 0264 —0.695 —-0462  0.484
. LST 0440 -0595  0.672  0.026
After land NDBSI 0683 0311 0197  0.631
consolid-
ation Eigenﬁgﬁmm) 0098 0030 0016  0.002
FRAEE TR R

Percent eigenvalue% 66.89 2059 11.26 1.26
#E: WET. NDVI. LST. NDBSI. RSEI /4RI, SREE. $ABE. FREL 32
RAESFIEHIRPR: PCL. PC2. PC3. PC4 7pARH—. —. =. WEHI.
Note: WET, NDVI, LST, NDBSI and RSEI, referring respectively to humidity,
green degree, heat, dryness, and remote sensing ecological index; PC1, PC2,
PC3 and PC4, referring respectively to the first, second, third and fourth
principal component.

3.1.2 RSEI A& 44

SR AR 9% 22 B0 36 B8 f0 s P LY, 240 S R B
i 1, R RSEI LR &R &, BB IE B 1%
eE. THETENR (16) .

G, - |CQ|+|CR|'“|CS|
n—1

A P. O Ry SERIGHATHIRE W IITERR, C, Nig
b PIPPPISAIRREE, Cov Crv Cs 73 MR [ — I HFR AR
P Y5 O. R. SWHRRE: n NiEbR L

FeFR5 RSEL FIAHE REL, PLA BB R Z (BRI AH G
RENFK 2. BRBIRFRIN S, o Ar A O B B 1) 2
NDBSI, 3 M B IME R 0.788; HJE 4K/ WET. LST
1 NDVI, & B I354E 73708 0.737. 0.698 1 0.670;
1M RSEI 5 4 T8 A5 & 4F AR G R 3035 KT 0.8, B RSEL
FRPRIR L —FE A S BARER

(16)
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%2 HIERRS RSEI EHAVHE X AR

Table 2 Correlation matrix among RSEI and 4 factors

g):'ﬁe fdtf( WET NDVI LST NDBSI RSEI

WET 1000 0720 -0.635 -0.838  0.838

G NDVI 0720  1.000 -0.542 —-0.760  0.852

Blzf;’f LST —0.635 -0542 1.000 0.869 —0.832

00';5;’1111"3 NDBSI -0.838 0760  0.869  1.000 —0.941
IR

X 0.731 0.674 0.682 0.822 0.821
Mean correlation

HEF=g KA — e, WERFrE S EERIRT. .
Je PR B 9008 111004 10 950 AT 11 250 kg/hm?;
[FI, IR JETH XEBARIERA R &, kA=
SETEA BT R BT B SOGRTE R . VIR MR, R
SRR I T — A B K X T A B35 R AR 25 B
iF 7 NDVI. WET. LST. NDBSI 2545 R 11254k

3 4 NMERRFNERE SIS RSEI A9IET K

Table 3 Mean values of four indicators and RSEI

BBt Stage TiH Category =~ WET NDVI LST NDBSI RSEI

WET 1000 0736 -0.683 -0.798  0.792
sy ch NDVI 0736 1.000 -0.718 —0.569  0.907
Dl‘;;igg LST ~0.683 -0569 1.000 0836 -0.825
COTiS;’;ida NDBSI 0798 -0.718  0.836  1.000 —-0.925
Memﬁjfm 0739  0.674 0746 0734 0816

WET 1000 0.698 —0.676 -0.848  0.838

ot B NDVI 0.698  1.000 -0520 -0.765  0.833
’;‘E LST ~0.676 -0.520  1.000  0.808 —0.929
COTiS(‘)’rllida NDBSI -0.848 —0.765  0.808  1.000 —0.952
Mz:ﬁﬁjfon 0741  0.661  0.668 0807  0.851
ﬁiﬁjﬂﬁjﬁﬁ WET: 0.737; NDVI: 0.670; LST: 0.698;

NDBSI: 0.788; RSEI: 0.829
of 3 years

3.2 IIBRXASHERESHITM
SETEIAHT. P R 3 AErB I E X ARSI
Jii 5 &Sy & hn S RSEL SA{E AR 40 W1 2 FiZk 3.

a BIAHT
a. Before land consolidation b. During land consolidation  c. After land consolidation

c. ®RE

B2 RE RS /E RSEl 47 B
Fig.2 RSEI values of the project area before, during,
and after land consolidation

D) B EARb s OBERT. h. JEH, B
TRARFFSLIIN: SR FEbR RV RS T BRI S A AT
IEFRAR A TP NS, A —E N TEER
BRI, HEE SRR E K. @IEE WET 5%
FE NDVI X} PC1 i #AE N 1IE A, #4% LST 51 NDBSI
Xt PC1 sl N FufE; H NDBSI %f PC1 4 3 H 44
SHE R K, HJEW KN WET. LST. NDVI. %1 52Hif
LR, THXEBIGHT .5, (EYRREERIIEAAAT,

WIAHT Mefﬁi/ﬁalue 0.359 0.819 0.350 0.358
Before land \ 0.652
consolidation % Pgélﬁ?fdﬁﬁ 0258 0365 —0430 —0.785
STy I\i/?ejjin 0.511 0.814 0493 0418
During land ) N 0.572
consolidation %Y chllltl"l](jzfd?rﬂﬁ 0587 0244 —0.458 —0.622
B S Mefl{vaalue 0.577 0.833 0475 0.447
After land , 0.605
consolidation X P gcllﬁifdﬁﬁ 0520 0264 -0.440 —0.683

2) RSEI 2 IEAAIEHL: K PE RSEL ERAERK 3,
B 2 ATLLEH, BIERT, TUH X AR A R AR
SR iR, TH X ASHE R e E; Bih
J&, WUH XAESHE R REA AL TP, KiER 3, WE
YR ATEIEEE Y, RSEL FRE T 12.27%; WE A h 259G 15,
I T 5.77%; WEGRTIEIER G, ST 7.21%. &
& b, RSEI B ¥MEE “Je FE-J5 EI-BAR T 1.

LA B RSEL AR, 1F— 2% RSEL 47
SERSH G AT, LL 0.2 ARG, M/ANEIRERI N
SANEG, RN E. BE. PED R R, 5L
TR BB B2 gk 4 FiR .

*4 MBRXERRIEESMEREFRERFLLG
Table 4 Area and proportion of RSEI class of the project area
before, during, and after land consolidation

ki STEN) Biht kSN
RSEI 254 Before land During land After land
RSEI consolidation consolidation consolidation

basiclevel mign  Eobe W EAK R EHoL
Area/km’ Percent/% Area’km’ Percent/% Area/km’ Percent/%

0.817 3.48 1.405 5.98 1.265 5.39
Poor
fs 3
*Xi 1.319 5.62 2.691 11.46 1.812 7.72
Inferior
ars
EP%F 2.858 12.17 10.094 43.00 5.541 23.61
Medium
R 9.341 39.79 7.139 30.41 10.579 45.07
Good
it 9.140 38.93 2.146 9.14 4.278 18.22
Excellent

SEIRRI, BAET, WIHX RSEI SR EEN “Hi.
R7, NG5 38.93%. 39.79%; %A, RSEI
S TR R AN HEA 43.00%; YRS, RSEI
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Fig.3 Change detection of RSEI of the the project area before,
during, and after land consolidation
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Table 5 Change detection of RSEI of project area before, during, and after land consolidation
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Dynamical monitoring of ecological environment quality of land
consolidation based on multi-sour ce remote sensing data
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Abstract: Land consolidation is one of the important means to safeguard national food security, support rural revitalization
strategy, optimize the allocation of land resources, and promote the construction of ecological civilization. Ecological
transformation is the inevitable trend for the development of land consolidation. It is quite important to carry out scientific and
reasonable, objective and direct, and long-term comprehensive monitoring and evaluation of ecological environmental quality
at project area scale. Based on remote sensing technology, RSEI (remote sensing ecological index) model can quickly,
objectively and quantitatively evaluate regional ecological environment quality, and realize visual representation, time-space
analysis, simulation and prediction of regional ecological environment quality changes. Applying multi-source remote sensing
data and taking 6 years before and after land consolidation as study period, this research constructed the RSEI model with
principal component analysis, and retrieved values of the wetness, greenness, heat, and dryness indicators and RSEI index to
monitor and analyze ecological environmental quality in a typical land consolidation project. The standard values in the
research are: 1) RSEI ranges from O to 1, and the closer to 1 the value, the better the ecological environment quality. 2) The
RSEI basic level is divided into 5 levels from small to large, i.e. “poor, inferior, medium, good, and excellent”. 3) Based on the
RSEI basic level, the RSEI level is divided into 9 subdivision levels (from —4 to 4) and 3 classes (worse, unchanged and better).
All negative subdivision levels are classified as "worse", 0-value is classified as "unchanged", and all positive subdivision
levels are classified as "better". The result shows: 1) The wetness and greenness indicators have a positive effect on promoting
the ecological environment quality of the region, while the heat and dryness indicators have a restraining effect on the regional
ecological environment quality, and the dryness indicator is more significant than the other 3 indicators. 2) Before, during, and
after the land consolidation, the mean values of RSEI are 0.652, 0.572, and 0.605, respectively, and the proportion of excellent
plus good RSEI class accounts for 78.73%, 39.55%, and 63.29% respectively in 3 periods. Meanwhile, the degenerated,
unchanged, and improved RSEI classes are 42.55%, 46.25%, and 11.20% of the total area, respectively. 3) In this project area,
the ecological environment quality presents a trend of decreasing firstly and increasing later, with an overall trend of
decreasing, which are the characteristics of “turning worse during the consolidation period, getting better during the recovery
period, and becoming worse in the overall process”. Land consolidation causes persistent disturbance to the ecological
environment, and there is a lag to restore and improve regional ecological environment. Five years after the project completion,
the ecological environment quality level is still lower than before. The project area is the direct target of land consolidation and
the carrier of benefit manifestation. This study can provide certain theoretical guidance and method reference for the
continuous monitoring and dynamic assessment of ecological environment quality at the project area scale. Furthermore, it can
provide certain method reference and data support to improve the local ecological environment, ensure the quality of cultivated
land, improve agricultural production conditions, and promote regional sustainable development in some degree.

Keywords: land consolidation; ecology; remote sensing; environment quality; dynamically monitoring; RSEI index



