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Abstract: The Xiong"an New Area is a recently established state-level new area in Baoding, Hebei province, China. Green
construction and development are the most important issues to be considered and must be given priority by area planners
during forthcoming construction of the new area. Green ecological planning cannot be implemented without a clear
understanding of an. area’ s ecological status and an accurate prediction of an area’s ecological status responding to
forthcoming regional’ planning. Therefore, using Landsat images of 2004 and 2015, feature inversion and extraction
techniques, ‘and the remote sensing-based ecological index ( RSEI), this study investigated changes in three main land
cover types:( impervious surface, vegetation, and water) in the Xiong'an New Area over the last 11 years from 2004 to 2015
and predicted the ecological and thermal effects responding to the upcoming regional construction on the new area. The
results show that the areas of impervious surface, vegetation, and water covers have changed over the 11-year study period,
but the change intensity was less than 5%. In addition, the ecological status was stable during the study period as the RSEI

increased only slightly from 0.629 in 2004 to 0.639 in 2015. Therefore, the overall development intensity was relatively low,
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and the area’s current ecological quality is good. Quantitative analysis indicates that the area of impervious surface has the
strongest influence on both ecological quality and land surface temperature among the three main land cover types of the
area. The area’s ecological responses to upcoming regional planning were predicted using regression relationship models of
RSEI and land surface temperature with the three main land cover types. The prediction, based on the known goal of
population and area development, revealed that the increase of population to 2.5 million with a 25% of impervious surface
cover in the new area would have noteworthy effects on regional ecological conditions, potentially decreasing the area’s RSEI
by 10 % and increasing land surface temperature by 1.1 “C. Alternatively, if the proportion of impervious surface ¢ould be

controlled within 20% , the area’s RSEI would increase by 3.6%, and land surface temperature would decrease by 0.3 °C.

Key Words: Xiong’an New Area; Remote Sensing-based Ecological Index ( RSEI); land cover; regional planning;

model prediction

AL DR e T BB 2R Ak 3 B S LR I ER o M IX T 2017 4F 4 H 1 B s ar o [ K G
X ——HfE 21X, PRI AR AE ST e PR =y R, & A8 R K it gl At T AR #R I RE , DAk st
Ll DX T 2 [ A7 SRy RS A A R TR

H T o S B T KL TR A e = A A PR L IR, v [l Ak e i L 4R R | B 2 83 1 A AL
SRS B B 2 R S A A R T ST S ST PR I A SO T A TS
LR 28 T 4 DL IR REL - DRI, AP 2 DX 8 e R AR 2 Il o (0 e 0 P A 1 0 S )
R I8 A0 37 DXL 20T 25 ) T, T e € 2 25 LK P AN TR LI XA 25 AR IR 3 A AR B AN TE XA
TN R HER TR o DRI o X 22 37 DX A S AR A AR DU ] | R s X RIS 1447 10 5Rfr DXL 3 i 7™ A
F18) A SO AT TN, 39 o8 Rt e e 22 7 DX e (0, A 2 A B A T 0 B S R S, 0 R L i Y 2 (0 R0 B
HEMB L,

YT, LAIE O LI A A A3 i Al s B R Tz B TAE S IREE U e iR 2 [ B e
P T SRR AR L 45l N BE A A T AR o 0 5% R Y 4 56 1 AR AR X A 2l A > R 1 B
PRARTT R 1 4 [ A 25 PR 47846 ( 20002010 ) 18 B A8 S35, LUK H i IEAE T i [ 52 R S 20
LR TAE, #0J2 LAE AR D 2 ) SR, AR SR A R 8 22 14 38 R A R T DX
T R B A 2SS VAl I A S AR ORI A N s i 2 T

H T RS 5 B DG 5 4 LR e DX A AR BRI DRI RE T X RISl e A 4 A 22000 A T B2 ) T 00 s
WARARFEE, FURYATICIE AL G055 SE SRR IR, Al = X R T 7 2R o A A A5 R W AT FT00 )
AR5k S VIR WA RIITTEARIE . DA SORE A 18 JEA R T A X 2 DX AT Aok 1) b R AT s S T A
A=A i B R A T4 5B DAY LA e bR L A 1)t R i A 1 S H A 2 O R AT T, T 5
B8 A DR RIVRE B R F) B DXL 8 Bt i A TR R S E

Lo ARF*E
1.1 W5RIX

T2 3 DX 32 A ) A 4 T A L2 B R A L M PR A B M . 38°43'—39°10" N, 115°38'—
116°20" E (1), ZXEEALA REE M = IRTT I O 8+ 2 A KA B, N B 3 8 A XA #,
IX P i A FEARST 30+ AR IR | bR 5 AR Ry 3 b o5 A P MY 93% , Mitt 3,49 s N A A A
AU JFR R I —— I PEUE . 1% DX B Tty B 2 WAL, DU 2R B A P340 12.1°C 45 3R
i 560mm, TFEW] 173 d, HELHTIX 3 A B BB 1566km”, SN 113.09 J7 A B3 42.74% , N\
HiIX GDP 1.88 ot

http ; //www.ecologica.cn



19 4] TRIREK A5 o 22 7 DX M 3 7T i 78 e R HC T DR g A 285 e 7 0 6291

1.2 R EHE IR N Ak

W58 R Landsat 7291 TLA 18 B AG DA RSP0 R
B—F0E B T 2004 429 H 8 H Y Landsat 5 TM 52 3909
412015 4F 8 A 22 H ¥ Landsat 8 OLI/TIRS $#4%, #
BEAAMIE, T =, i e b (8 2) .

G T T E M P8 A R (USGS) Landsat ‘B /5 38755 -
R ) Level 1T 77, %77 i B & JLATALIE, 2880 g0,
2 FOUAREINER , KL TC R TR IE . 52 AR 1 7
AP R TR RS OE , SR Landsat JH 35 (445 284 384 0 10 20km

B > e
Chavez [ COST KRG IERRINONHE 2 R SoA% i = FE (1l ' ' ' ' .
115°40' 115°50" 115°60" 116°10" 116°20'E

39°10'N

39°00’

( DN) # 4 A5 S8 b 2 B 2R (at—sensor reflectance) .
KT 2004 4E TM AR, R JH LR 24 2K 3877 4 4 | R EE
& i Fig.1 Location map of Xiong’an New Area

201545

0 10 20km

2 #Z[X Landsat 2R S1% (RGB: 752 )
Fig.2 Landsat images of the study area (RGB: bands 7, 5, 2)
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Fig.3 Maps showing distribution of impervious surface, vegetation and water in Xiong'an New Area
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Table 1 Accuracy assessment
ISIESYE Reference data

- 5 — &t i F RS
2004  JK{K Water 44 1 0 45 97.78
FEBE Vegetation 4 400 3 407 98:28
AHE/KTA Impervious surface 0 8 75 83 90.36
5433+ Column total 48 409 78 535
HFEEREE Producer’s accuracy/ % 91.67 97.80 96.15
SRS EE Overall accuracy/ % 97.01 Kappa 2 %{ 0.923
2015 JK{K Water 66 2 1 69 95.65
TP Vegetation 7 355 3 365 97.26
BRI Impervious surface 0 5 96 101 95.05
3431 Column total 73 362 100 535
HFEEREE Producer’s accuracy/ % 90.41 98.07 96.00
SRS Overall accuracy/ % 96.64 Kappa 24( 0.931
F2 REBEREBEXLL
Table 2 Comparison of retrieved LST with near synchronous MODIS LST
2004/9/8 MODIS 11:40am 28.20
Landsat TM 10:38am 27.73
2015/8/22 MODIS 11:48am 30.10
Landsat TIRS 10:54am 31.36

2.1 MR FESHEL

X BT B AR AN 75 7K T AR MK AR B AT e T AR AS A 5 X Ml 3% 32 204 26 AR IR 11 4R AR fR G L
SE LR LT IGE 11 AF M SR J2 28 26 SR A AR AL S AN R, RBEE 5% LA (3R 3) . H ANg /K T Ak
PRZEE R 38T, LUK FH M A SR 6 R B0/ b o 11 AR RS K R N T 65.2km® , ZK ARS8 Jin 1 38.47km?, 1iij
FEBE D T 46.55km”

F3 ERIK 2004—2015 FiRFEBZLXBTN/km®
Table 3 Land cover changes in Xiong’an New Area from 2004 to 2015

2004 2015 2004—2015 Z£fk Change
HFRA
Land Cofer TR Al % TR et/ % TR Hetl/ % AR L/ %o
Area Percentage Area Percentage Area Percentage Change intensity
AKX Impervious surface 264.65 16.88 329.85 21.04 65.20 24.64 2.24
TEB% Vegetation 1045.87 66.72 999.31 63.75 -46.55 -4.45 -0.40
IR Water 69.20 4.41 107.67 6.87 38.47 55.60 5.05

ATRIE (%)= (A,=A;)/(Ay + Y) x100; Hrv A, AR IRAE TR, A, S5 RAR TR, Y 44T

i B e A i TS IX A 3 A B R RIX IR L AR, SRR W], 3 AN B IX AR 11 4F
PSS, TR e 22 B e EAL A3 I T 2.54km? B hndse i 245 2 B 1.53km*, (H 3 D EAARZEK
T LU AR i, FEASHER R T 70% (£ 4) o
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x4 HE ZIHE SHEE 2004—2015 FE KX REAEKEETWL km®

Table 4 Changes in impervious surface, vegetation and water in Xiongxian, Anxin and Rongcheng from 2004 to 2015

AR X T A Built-up area ARFEKIH Impervious surface
T B e Easess
ML o B A TR [iigiat [
Area % Area % Area %

2004 13.95 5.23 6.88 9.75 69.87 3.88 74.17 5.08 73.78
2015 16.49 7.06 8.41 11.64 70.57 4.98 70.50 6.04 71.81
AN Increase 2.54 1.83 1.53 1.89 1.10 0.96
A LL 5] Percentage/ % 18.21 34.99 22.24 19.39 28.31 18.97
AL ¥ Change intensity/ % 1.66 3.18 2.02 1.76 2.57 1.72

2.2 EAAEZEL

7 5 J& RSEL 1 B A F8 800 F U o0 B8t . a0 78 4 A F i3 o v, PCL AR AR (E B K, H
BT o5 e ( SRR ) FE P ARy TR AR I T 85% , UM FH PC1 v LIAR I HiAC 3R 4 N 48Ar AR, 4 N F8 45 X) PCI
B TTRRAR IS A5 AT LA 2 21, 1 B RN ER 2 [R]— 455, 17 B2 RN E R[] — 755, 50 B R 40 48 Aroxt A2 28 1Y BT
RO AH B W B 5 B T IR T, T BE NI AR I, 3 58 245 6 FH AR SR 0L

£S5 EHSSTESE

Table 5 Principal component analysis

F8#5 Indicator 2004 201
PC1 pc2 pc3 pc4 PC1 pc2 pPC3 pc4

TR Wet 0.313 0.559 0.767 -0.024 0.342 0.655 0.67 -0.073
£} Normalized difference vegetation index 0.45 -0.798 0.397 -0.054 0.513 -0.73 0.451 -0.011
T Normalized difference soil index -0.537 -0.17 0.367 0.74 -0.556 -0.112 0.467 0.678
FABE Land surface temperature -0.641 -0.145 0.346 -0.67 -0.557 -0.158 0.36 -0.731
FEF(E Eigenvalue 0.093 0.012 0.002 0 0.128 0.01 0.001 0
BEAE{H TRk Percent Eigenvalue/% 86.92 11.21 1.41 0 92.09 7.19 9.09 0

F 6 SIS T RSEI WAHCGE Tl o R b ml 1, B2 3 X PR AFEA 19 RSET YMEARTE 0.63 Loy, RIADS
ROV RE A TR L R T, X BRI BRI R 3 MR At 3.4% ™, FLBFB 3 D] |
PR s i R R s ) T A S i . AP ] 5, 2015 4F11 RSET #{E IS 55 F 2004 4F, i IX 11
AENE] KX A A ARG, MR 6 R F X B2 TR A A, T R R AR (1 [, T 4 B AT IR
EIRREAR /N

%6 IR RSEL{SH 4 MERS BOHE
Table 6 Mean values of the four indicators and RSEI

1645 Indicator 2004 2015 54k Change
T Wet 0.580 0.720 0.140
£%8% Normalized difference vegetation index 0.819 0.810 -0.009
T8 Normalized difference soil index 0.538 0.405 -0.133
FABE Land surface temperature 0.420 0.387 -0.033
18 B4 485X Remote sensing-based ecological index 0.629 0.639 0.010

& 4 MHEETF RSED A= 2548 BUZ HH AOAFFT X 2004 2015 4F A= 2R 00 L TR A B o DA 3 2T AR e AR S M 22 3
P o AN3Z /K T =5 5 (0 0, AR FH i ok 32 O R S 0 6 0 AR R B ok R R v B A R, R
LGRSO, RSEI FIZ MR T W58 AR A 25 (B 4340 22 5, X — ] AR s e e A B E M P b
FEAR R, B E AT DL — AN G B R G A 3 — A X A R0, AN 008 LA D B A 27
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Fig.4 RSEI maps of Xiong’an New Area in 2004 and 2015
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1M 2004 AENIAVF 22k 0, FL R 2060 I XU PR TE 7E 2004 4F T0I8 2 /K R I B 02 Py R 4 38 5 i 40
T 2015 4F 33X 2 1 (R BR B AR IR A A B AR R — 2y Y
2.3 WESHSGERAEN X RGH

TF 9 i 26 7 55 28 700 5 1 5 A B R . ) S 2R S OO I 22 [X Y 6 o A S R B R MR A S B, A o 3
FIHTY 2015 AEFL R R GE T 1019 52 | 38 o 2 o A b 26 7 35 0 5 A A5 RS 19 B 8 5 2 08 T B
5 T IR 143 DX 2 58 T B B A 255 AR 7 A 52

T EXT 2015 AR 1R AR AR A0 IR DA K 2 A — AR AR K T R KRG B AS R 10 <10 1
WS AT RAE, JL3RAF 32319 A, KHE iR A S (RSED) /R R IRAE 6 JF 5 — KM 3R w2 5 A —— A%
JK 1A (NDISI) AH 8% ( NDVI) FI7K AR ( MNDWIT) #4782 mUE 8T 3RA5 DL R R PR

RSEI=-0.011NDISI + 0.006NDVI + 0.002MNDWI + 0.524  (R=0.999) (17)

DA R SRI 3 b e 5 RN A0 A A3 Hr AR S T P<0.001 9 B35 HEAG 3, PR BR T T ok, Ui B
EATHRAR M DX S T B BB N A B B R W A (R 5K 1)

AT R BN FF 5K ,NDISI 175 UEBHAS i3 /K AR 25 S /B A, 1 NDVI A MNDWI S 1E 5, Uit
W B K A AR AR IE T2 M, A28 5 RELAY 48 XK, NDISI 2 0.011 KT NDVI A1 MNDWI Z Fl
(0.006+0.002) , 156 AN 7K T % A= 25 10 52 e e B ., S i) o R R FNK AR 2 R S Ak 5 38 BRI H:
LR d5e R AN 25 K T R ) R A I = B 1 (T 6) , AT DU SRR SRR R i, AN 208, D 25 Y 7 1
JERIOG, RS HANAIRXT Y — 2 EA0 FRLAERIRIEZS (BB e i X B 3 BRI R | X i i
A HiL DX A S AR A, HIO FER RORL, DI AR 25 22 ) M X 22 T A AR A B IX

FRIEA K (17) T, A 7K T A4 T R G495 38 0 10% , KA AR PR 9 1 B 92 1 A e 491 A50RA 107 i 2>
(BRI X AR AR T R R RO b /KR, 25 K T A 38 o 322 o5 R AR ) , ) RSET 8 80K 25 T [ 24.76%
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Fig.5 Maps-showing suspended sediment and chlorophyll concentrations in Baiyangdian Lake
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Table 7 Impervious surface levels with corresponding LST

A3z K T L A1 R THiR N3 K T L A1 MR THi
Percent impervious Land surface Increased Land Percent impervious Land surface Increased Land
surface /% temperature/ °C surface temperature/C surface /% temperature/ C surface temperature/°C
10 28.46 — 60 34.73 2.21
20 28.76 0.29 70 37.43 2.69
30 29.53 0.77 80 40.60 3.17
40 30.79 1.25 90 44.26 3.65
50 32.52 1.73 100 48.39 4.13
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Table 8 Prediction of ecological quality and thermal environment changes responding to the potential population growth in Xiong’an New Area

¢ UNEE. i 3 TG A 37 7K I 18 R RSET LST/*C
. Population Increased area bl W /°C
Population - e BN g mgieke OIS pgc Latible
/AN ensity o7 tmpervions Predicted Decline Percentage Ppdicted Increse Percentage
( A/km?) surface/km? value g value ontag
250 1250 500 0.576 -0.063 =9.79 32.48 1.12 3.58
250 1250 400 0.655 0.016 2.49 31.06 -0.30 -0.94
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