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Abstract: Regional ecological environments have been frequently affected by expansion of built-up land, which inhibits
regional sustainable development. Therefore, it is of great significance to timely and precisely monitor regional ecological
quality using remote sensing techniques. Using the Gui’an Development Zone ( GDZ) in the Aojiang River Watershed as a
case, this study investigated the regional ecological quality changes due to increased construction project-induced built-up
land. Two rule-based algorithms were developed to obtain built-up land information from the Advanced Land Observing
Satellite ( ALOS) image in 2010 ( before construction started) and the Gaofen- 1 ( GF-1) image in 2016 ( after the

construction ) . The remote sensing based ecological index ( RSEI) was further employed to evaluate the ecological quality
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changes of the study area before and after the construction. As there are only four bands ranging from visible-near infrared
wavelengths in the ALOS and GF-1 images, it is difficult to obtain the wetness and dryness components, which are needed
for computing RSEI scores. To meet this requirement, the models of the wetness components specifically for ALOS and GF-1
images were developed. Two synchronous image pairs of GF-1 and Landsat 8 Operational Land Imager (OLI) were used to
derive the coefficient of the wetness component of GF-1 by relating GF-1 data with the Landsat 8 wetness component based
on selected pixel samples (i.e., 40384 samples). In addition, a soil salinity index was introduced to represent the
component. The results showed that the area of built-up land of the study area increased notably over the six study years.
The increase in the GDZ-induced built-up land represented 86% of the total increased built-up land in the study area. The
overall ecological quality of the study area showed a trend of decline associated with the expansion of the built-up land in
GDZ. The mean RSEI declined from 0.787 in 2010 to 0.689 in 2016, representing a 12.4% drop over the six study years.
The area proportion of high ecological-quality grades also significantly declined from 91% in 2010 to 79% in 2016.
Obviously, built-up land has a negative effect on ecological quality. Indeed, quantitative analysis indicated that a 10%
increment in built-up land can cause a decline of RSEI by 0.041. Therefore, we suggest that green planning and
development should be taken into consideration by regional planners during the forthcoming construction practice in the

Aojiang River Watershed.
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Table 1 Main data sources
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Table 2 Auxiliary data sources
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Fig.2 Rules and models used for extracting built—up land feature from ALOS and GF-1 images
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Fig.3 Flowchart of the derivation of the wetness-component coefficients for GF-1 imagery
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Table 3 The correlation coefficients (R) between the soil salinity indices of Landsat images and their own dryness indices

SCHR EiRe ™ OLI S
Literature Index IBI ST NDBSI IBI ST NDBSI Average
Tripathi %1% Salinity Index ( SI-T) 0.426 0.673 0.575 0.703 0.817 0.770 0.661

| Normalized Differential
24 (36] 0.626 0.828 0.752 0.805 0.903 0.864 0.796
Khan %5 Salinity Index (NDSI)

Douaoui %37 Salinity Index ( SI-D) 0.762 0.859 0.828 0.856 0.896 0.883 0.847
Salinity Index 1 (SI1) 0.756 0.861 0.827 0.851 0.892 0.879 0.844
Salinity Index 2 (SI2) -0.157  -0.278  -0.229 0.149 0.058 0.100 -0.0595
Salinity Index 3 (SI3) 0.752 0.856 0.823 0.850 0.890 0.877 0.841

Abbas Fll Khan'3 Salinity Index (S;) -0.691 -0.761 -0.741 -0.855 -0.883 -0.875 -0.801
Salinity Index (S,) -0.711 -0.785  -0.763  -0.857  -0.887  -0.879 -0.814
Salinity Index (S;) 0.734 0.842 0.806 0.834 0.874 0.861 0.825
Salinity Index (Ss) 0.771 0.850 0.827 0.862 0.899 0.888 0.849
Salinity Index (Sq) 0.208 0.045 0.116 0.394 0.307 0.348 0.236

SI=T = (p3/p,)x100; NDSI = (p3—p,)/(p3+p,) 5 SI1 = (py%p3) %5 SI2 = (p3+p3+p3) %5 SI3 = (p3+p3) %5 S1= py/p3; 2= (py=p3)/

(p1#p3) 5 S3= (p2%p3) /P15 Ss= (p1XP3)/Pas S¢= (p3%p4) /Py

#F4 ALOS/ GF-1 BEMTIEEFEIEH SRR S H Landsat ZEHTERBEZ BNEXRER
Table 4 The correlation coefficients (R) between the soil salinity indices of ALOS or GF-1 images and the dryness indices of near synchronous

Landsat images

SCik Faky ALOS-TM GF-1-OLI Y
Literature Index IBI ST NDBSI IBI SI NDBSI Average
Douaoui 25137 Salinity Index (SI-D) 0.681 0.765 0.739 0.726 0.834 0.799 0.757
Salinity Index 1 (SII) 0.680 0.772 0.742 0.714 0.824 0.788 0.753
Salinity Index 3 (SI3) 0.677 0.767 0.738 0.710 0.820 0.784 0.749
Abbas Fll Khan'3 Salinity Index (S;) 0.663 0.729 0.710 0.742 0.834 0.807 0.748

ML 4 NMERENAG — , T eI T IE AL B BT EER S —20 [0, 1] 20, & iEHE

1 4 MEAR T LRI PCL, Soff PC1 RIEEAC TR A A4, if— 20 H 1-PC1 3745 RSEIL.
RSEI=1- {PCI[f ( Wetness, NDVI, LST, SI-D) ]} (13)
R TAE TR, #2004 RSEL #4710 —4k  fHMEA T 0, 1] 200, HAEBEER 1, FRoR ANy,

2 EREH

2.1 HEFHMARTZE R L

SKHILAE ALOS Fl GF-1 52 10 B2 550 H b R U RIARA A 58 X 2010 ,2016 47 A A5 FH Huf5 8., JE X
ZER A TE AN TS (K 4) , S0 ALOS &65212(2.5 m) A1 GF-1 2 E242(2 m) , 4351 % H 300 4~
BEMLAR AT SRR SR TR B B0AIE 25 SR, 2 IR I8 A0 1) e 90 FH b B BLI%) A 3 B 45 21 P b 1 1 FH 2
K BERAE P2 NS BEYAE 88% L b (6 5) Tl RS BE SR

R T ST RIS X A R AR Ak, X A XRS5 e I e IXORT 4R B S b B AT S
(F26), S5HFRUT, W I X HAH i AU JE A S P, A 2010 4FAY 7.43 km 34K 5] 2016 4R/ 17.79
km? LN T 10.36 km?®, HEUE K 139% ., Firh 2010—2016 45 i) 5522 HF A& X A 2 490 FH b A28 Ak T FH 5 3 AN 5%
X 11 86% , 7] UL iZ X Jak gt 5K FH Hb ™ Je S B2 th RS et i H 5 [ 2 i,
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Fig.4 Remote sensing images and the corresponding built—up land maps of the study area in 2010 and 2016

RS 2010—2016 FHE X E I A S ERIE
Table 5 Accuracy assessment of the extracted built-up lands in the study years

IIEE s Reference data

Ay B A 25 Mt T AZHRE %
Year Data type Class A ARSI Row totals User's accuracy
Built-up land Non-built-up land
2010 A A 45 4 49 91.84
e 6 245 251 97.61
&1t 51 249 300
T ERGE % 88.24 98.39
SR Overall accuracy =96.67% ; Kappa=0.8800
2016 byt AU Hb 52 6 58 89.66
e F 7 235 242 97.11
451t 59 241 300
PP ENE L % 88.14 97.51

JBHEE Overall accuracy =95.67% ; Kappa=0.8619

5 2k 2010—2016 4E5| & H 50 & A AR A R A% 0 B A 7 B IR, T 6 4Rk, SR TP A X 3
W R AR AR S e R pel X | — R A KR EC 15 H 40 BR AT hoCs 55 22 JE | 542 AR TR R
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F6 2010—2016 FEF AN
Table 6 Area changes of built-up land between 2010 and 2016

e 2010 2016 2010—2016 &4k Change
5 i
Range of study T km? Lot/ % A km? e/ % TR km? e/ %
Area Percentage Area Percentage Area Percentage
521X Study area 7.43 1.64 17.79 3.94 10.36 139.48
L e [
RIS R 3.35 3.30 12.29 12.08 8.94 266.46

Gui’an Development Zone

TR SR R

o BTRUAEWREE

o BEBTERPUE
SZEERRRBE
SRS
S LB A B R

o HRM SRR

o RESEIGY)

o STEKiR

® FUENURHER

© SRAEEnRA R

© EHERBIHT O R

0 S R X
EBKX

BE5 2010—2016 FEFAMFELEU RN ARZZHECETEE
Fig.5 Map showing the locations of large construction projects developed in the years 2010—2016

2.2 AR AR

AR S VR A RS U L BF ST X 2010 4F ALOS 1 2016 4F GF- 1 5415 0900 2 43 1 B (&
6) ., FEIFFAlIE KA B e TR (L4060 R (S t) i A 0 FH A AR (5 €8 ), B AR SC vy,
PRI B2 3 it P L 50 AL sz ke i 2 32 5 ) SEZ Byl O

% 7 NIEBAESTEE RSEL B 2 i gidis . IR RTAL 763X 2 MR, PCT IRRIEAELIT o5 1 E 3]
KT 80% , Ui PC1 FTLASAF AR 4 AN HEARAS B, 763X 4 D8R, 18R ASR B2 35 B, VLR EAT]
Xof A 25 1 TR AES 1 [ 5 T A R B 2 A B L, B A DX A S 0 SRk B A, X 5 SE B I AR A

% 8 WHIFEIX RSEL FUAHCGE H A . M Fehal 0, 5 AN X A RSET #4485 M 2010 4E 1 0.813 T [
2015 414 0.765, FRET 6% , Ui A A B VAR [, g SR 22 TF & X 5, oA A8 i T REA5 57 BH & RSEL
I BT 0.787 R RIS 9 0.689, FFE T 12.5%, M 4 NSRS IB KR W T AT X,
Xof A 25 I 18 B RN 23 B 48 b B B AE 2010—2016 41 [B] #5280k T B, 1 ot A 25 S 67 11 1 1 A 4088 1 3
FEARI AR IR LT, X 4 MEFRIES B RBE B T AT IX A S e 5 R R, x5t
LIPS X, AR RS A ST X AL, F AR b B 5 K st 45 B e T Rk X AR S T i T FRAS TEh
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Fig.6 3-leveled wetness component maps of the study area in 2010 and 2016

B BRI R NPT IX Y 2 A% SR, TR A A9 A 2545 £ RSEI AT IR AF HBZE 5 Sk 4 D EHRAY
AL,

RT ERSSTELE

Table 7 Principal component analysis

H4HR Indicator 2010 2016
PCI PC2 PC3 PC4 PC1 PC2 PC3 PC4

1 Wetness 0.327 0.250 -0.827 -0.383 0.323 0.433 -0.730 -0.419
4 NDVI 0.513 0.354 0.562 -0.544 0.427 0.145 0.635 -0.627
B LST -0.579 0.815 0.016 0.002 -0.536 0.814 0.220 0.046
+ B SI-D -0.543 -0.384 0.015 -0.746 -0.653 -0.359 -0.126 -0.655
¥ fF{E Eigenvalue 0.061 0.012 0.002 0.001 0.068 0.010 0.003 0.001
HFAE LSRR 80.26 15.79 2.63 1.32 82.93 12.20 3.66 1.22

Percent eigenvalue/%

#8 4/ IERSEM RSEIEH#AT L
Table 8 Mean values of the four indicators and RSEI

N HFEIX Study area FUFF KX Gui’an Development Zone
F845 Indicator
2010 2016 754k Change 2010 2016 7E4k Change

TRJ¥ Wetness 0.662 0.605 -0.057 0.647 0.593 -0.054
2% NDVI 0.909 0.891 -0.018 0.882 0.858 -0.024
PP LST 0.345 0.369 0.024 0.372 0.446 0.074

F B SI-D 0.109 0.133 0.024 0.141 0.191 0.05

I A S 54 RSEL 0.813 0.765 -0.048 0.787 0.689 -0.098

RSET H 2013 4481 DOk, 432 B0, BT~ b IX 4 1 FHAS R B, 148 SR Bl i ik,
S ARAT ARG AT Fe k. ANVl X — 5 <0.35 3kl — M #E 0.4-0.6"*"  FRIX —fiE>0.65" %) Ak
WFFEIX LABKIX N 3,2 AMEGYAY RSEL{EARLE 0.65 LA, 5 BUA MIRF5E (g & A ARG X K i A4k
PR X ) B —3,

& 7 A3ETF RSEI A= SR EUEAYHFFTIX 2010 2016 442 2R B0 1A, P A B €0 D 2T 31 2 A% 36 1 25 N 22 %)
e RS M B AT 0 A AR S € ] R AR R T e R R B B AT
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Fig.7 RSEI maps of the study area in 2010 and 2016

WG B A SR ELL 0.2 MIERAIY A 5 9, iR W b R S MESEY R
PR 2 MNP A AESIRBCE AR T (£ 9) . ST .2010—2016 47 AF5E X 1 A4 50N
LR P (1—3 Z0) Fr G AR EL BN 5.519% F T3 8.31% , ifh B 25 4% (4—5 %) BT 5 B9 T RN 94.49% T [
91.69% , 2 AN FIE X A A A5 0 it B AT FRARLIR B A /N AR, Bt 28 T R X0 B g AN ), AR 2 01 ok 25
g (1—3 90) BT AR FL BN 9.29% F T3 20.9% , il B 25 9% (4—5 2%) Bt 5 B9 A 90.71% F %
79.1% , & WTF & X R A= 25 o e IR g i

£9 2010—2016 £ %& RSEI Z A M ERIEX /km?
Table 9 Area changes of each RSEI level from 2010 to 2016

WF5EIX Study area REZIFEIX Gui’an Development Zone
RSEI /4% 2010 2016 2010 2016
Level [EiN te il % T A1 il % T 1 LA/ % T A1 kil %
Area Percentage Area Percentage Area Percentage Area Percentage

1: (0—0.2) 1.02 0.23 1.97 0.44 0.55 0.54 1.90 1.87

2: (0.2—0.4) 4.15 0.92 11.54 2.55 2.01 1.97 9.28 9.12
3: (0.4—0.6) 19.74 4.37 24.05 5.32 6.90 6.78 10.09 9.92
4. (0.6—0.8) 105.33 23.30 207.63 45.94 26.60 26.14 55.16 54.21

5: (0.8—1) 321.74 71.18 206.78 45.75 65.70 64.57 25.33 24.89
A1t Total 451.98 100.00 451.98 100.00 101.75 100.00 101.75 100.00

RSEI & T RB 5 A 2 i DI AR AR ) — A~ A8 AR A, i nf FH = DR A i 23 284k i al 94k, 45 F
AT st 31 A 2R AR s 23 X E ) T S 0 X BIF 9 DX 2 T i A 250 o A 4 1) 28 Ak 0 4 22 1 28 AR ARG (
8) ., MK 8 F i ACRAS M2 M K I A TP A 7E S IF R X R R TR 51 &R R b Pl X, 3 1
SIS RS O — B, WBRERIN S5 Rk E (3K 10) ,2010—2016 4F (8], BIF5E XS5 ETF (A2 4F) 1
M DX IR 28.52 km?, (7 SAIHIFRAY 6.3% , i AE AR S9N 8 (A8 22 ) A X T A 153.47 km®, 1 33.9%, KK
2.3 AEFHH A A SRR LR

ST R S L 5 AR A T R s ARt G AR, R RSEL AJ 20 i 23 8] A5 £k 19 L 34k — 2 3047
MIE 24T, Akt G AN ] 25 ) B0 RUBE XA R 46 R 3 s M, AR SCH% R 50 mx 50 m 100 mx 100 m,300 mx300
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m Fl 500 mx500 m X 4 Ff 550 % 43 51X 5T X
20102016 41 RSEL F1 % 55 FH Hi s AR 617 R G0 R A,
SRR IS LE AR (B AR A B i i 250, [RIA, 7135
HB AT {3 1] 45 BT IO A ) 28 SR FH b T AR B AR AR
W2 [p G e - il L = 75 TR O o v e =85 S B
AR 5 HESAR L Z M e /R

25 0] (18 9) , RSEIL 5 2 57 J1) i 1 AH 5 1
TE 4 B 5T A% H 35 2 0 H I S Y R A DR e R
(RP¥KT0.8) , KOAAFH M 5 Lok, HAES R
FREMUEE, LL R KAY 100 mx 100 m MIHE i 115 5
TR 5], 5 e S0 P e 1o B o7 LE R4S i 109% , 2L RSET {E
TR 0.041, o2 Ui, an R 200 531 2 1 & X AR A T
FHEHIEAMET RIF59%, B RSEL {EHA/NT 0.6, ] 2

SUH HLE AR A2 [ A 10.33 km?, — B X — 8§ ETFLIGER 2010—2016 4 RSEI T4t
FLUR, WA S R E 278 A 45400 Fig.8 Change detection of RSEI between 2010 and 2016 based on

red-green differencing method

Rz 10 2010—2016 EHRRXEFRET LA

Table 10 Change detection of ecological quality in the study area during 2010—2016

e o R KR Ll
Class Level Level area/km? Class area/km? Class proportion /%
A5 7% Degraded -4 0.59 153.47 33.96
-3 2.62
-2 7.39
-1 142.87
AZE No change 0 269.99 269.99 59.73
AR Improved 1 26.36 28.52 6.31
2 1.97
3 0.19
4 0.01

3 g

ARG 2L 22 70 MU 53 AL E 0 B 43 i RS | AR 45, 1 Ok 18 B E PR 4 (RSED) i2 7 A 7]
DI LT Ah 4 AN BE o i g G AR L, o 7 FF J A 25 I 05 3 ST (2 AR ARt v 21 /0 ik B 1 )
RO, ST DX e A S R A S (R R L A RE L AT

BB K, SRR T K X R I X A 25 T e A B A SR D 5522 T DX 118 S S e T
1 2010—2016 4FE[A AL T 8.94 km® , B MR K 266% , o5 H&ANF 5T X H 57 F 2 Ak 1 A 86% ., #5570 FH i 1
R K S 28T I & G A S TR 1 B3 R R, R HA: S48 50 RSEL ¥ AE @i 5 P T 12.5%,
RS b AR LS AR A T R S Y A O OC R SR M T AR L ARSI 10% , H RSET {64 T BE 0.
041, WAR, LI L IXAYHBE, BER T X A LARLBE A 0 A ARAEZS, i T X R A5 i i 38 %,
DRI, 7 DX IR 28 T SR ) R SRR v, Bl A A S RS AR s ST M I AR, A RO R 7 Lok, S
DX I e P R K

Xof — A~ DX R ) A A IT, — P I SR ) — 5 VR 1 3 SRR, ELAR SC IR A2 3] T RS2 A9 8t VR i) B, A5
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Fig.9 Relationship between built—up land and ecological quality tested with different sampling grids
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