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Abstract

In recent years, many scholars have publicly released different remote sensing impervious surface
dataset products. At the regional and global scales, there are some differences in their dynamic mon-
itoring capabilities. Therefore, it is particularly necessary to compare and analyze the quality of dif-
ferent datasets. Based on the remote sensing image data on Google Earth in 2015, this paper measures
the accuracy of different datasets by confusion matrix, and uses Kappa coefficient to evaluate the re-
liability of the data. The results show that the overall classification accuracy of the GISA dataset in
Henan Province in 2015 reached 93.7%, and the Kappa coefficient was 0.874. GISA dataset is superior
to GAIA and GISA datasets in data quality, and is more suitable for the study of impervious surface in
Henan Province. In this paper, the spatial and temporal evolution trend of impervious surface in He-
nan Province from 1985 to 2019 is studied by standard deviation ellipse analysis method, and it is
found that the development of impervious surface in Henan Province shows an expansion trend in
spatial and temporal distribution. Urban impervious surface continues to expand, mainly from the
city center to the surrounding area. The research results can provide some data reference for the se-
lection and analysis of regional impervious surface datasets in Henan Province.
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ANFKIH R4 BA AE KRR NG R 458, FEAFRES. fif. MR, EeE. £495
e, EOBNMNES N FE T FT, W HE RSSO T RERIEAG N SRAT e B I8 K
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AR, A E R A KBS = g AT TR SRV, RERANZE K 27 I 0 ) 32 20 FokE
Pk B AR . fEE AL, B ZE 52 B & 58 0 (Joint Research Centre, JRC)ZE & A H SPOT4 1L
BRI, R T AR 2B 115 km 1) 2000 4R 5577 W (3], BN IE K R BhE
T BEERSHEKIE. BEERRAZH S (Food and Agriculture Organization of the United Nations, FAO)4: 7=
T 2012 FFRAER 0 S5 A o BRINTR S5 R AR T 2005 SEHT 2009 4F AN AF B 25 8] 43 #5508 300 m 114
BRP g, AR 1992~2018 £E[A] (4 BR™ dh o SEIE FE MU HIR R KA T 2001~2018 45 8] 73 #5250
m [{AER L7 2577 . JET Landsat 8448, HAT JRC KA 1975, 1990, 2000 F1 2014 PYAN4EA} )23 1]
HEFE N 30 K4 Bk N JE K2 (Global Human Settlement Layer, GHSL). fEid2: JL4EH, JRC XHEH T
fix GHSL, Hrhit GHSL It [A] Fy 51 I AE R P4 S AR SR B, ol AR AR AT X

EEW, FREWHE 770 #5 08 30 KBk 78 55 2% 52 (Global Land Cover Dataset at 30-meter reso-
lution, GlobLand30), EEE T+ & K& FEE(E B [4]. BEMEHIE T 1985~2018 A AER A TA
FK X IBAS ™ i GALA, IZHF TSk | XIS BRI T AR A [5]. X R =48Rk A6 1 1985~2020 4 30
KA ERANE /K T 5 58055 4E (Global 30 m Impervious-Surface Dynamic Dataset, GISD30) [6], 1] PA A Wil [X.
WL AR T AL IR B . XI/INFEEAE T 1985~2015 4R [RIf1) 30 JKAF I3 117 [X 48045 4 (Global An-
nual Urban Dynamics, GAUD) [7], *F4xkid 2 30 R i 9 sk A & X 302 b ATt 7, 04 173
A HERERT T3 R GEH R MR o 2B S AR R BRI T sk, IE iR = R Il B AL
Moy AR RS T AT AR K R SR A S AU T SR A R B R Rl TSR E 1972 R
2019 FEVISRHIE = H /i5t Landsat 5218, 427" 1 1972~2019 4[] 30 Ko HFE3 A4 BRANZE K I 72
(Global Impervious Surface Area, GISA) [2]. %A = Fh 5 125 B0ds 5 1) iR B TR S0 E:
ERANFE ST 270 NI ZRENRFE R . 4xEKk 45 AN S AU 1 = 2 e s X = i [ 8 R A Bk
A - 3911 1 B30 H (Global Rural-Urban Mapping Project, GRUMP) [9]H [ 58 J& s /e AL IGIEREAS, 1E
AERIGFE P X GISA K 824 TRE BEVEAN

B AFEK ISR EE &R AL EAZEKEIEIE R WX R, FERhpeddE. 7%, M
AR I BB AN A I B X AR I H AN R B0H 46 7 ot LA I E B o B 9 2 B2 HLAR % ) JTVEAE GEE
AP AR BRAN K AR A, B AT IRVE FE MR AT Kappa 222501 TF SR BIF 72 X 1) & A 2 () 5 B
PEBEAT LU, il e 48 XU A& K TS S 1) e A i 3Rt — € 255, JFalE— D dad b vl 22 [ 2
WL 1 1985~2019 4 [A1TR] B 44 FIANIZE 7K THI B 25V AR 35, D it 1) v o B K e B R ai S 3

2. ¥I_RS 5%
2.1. RXER

TR A AL 110°21'~116°39'E, 31°23'~36°22'N, AT E i A3 A2 db 1 5 g 3 i 3 ) R st X,
WA 1. BRI 16.7 Tk, M E AL KA, Bl GAIA. GISA 1 GISD =Fh#E 1%
PR ELLE, A E 4 1985~2019 £E K ANE K I 2GS TREFT, /A 1 4 ANiE K AR AL S 100

2.2. BIERIR

W58 BT FH A 2R E0 45 1985~2018 43k 30 KB A K T 1l B ™= i GAIA. 1972~2019 428K 30
KIELEI A B KBRS GISA A1 1985~2020 425k 30 K AI%E /K T #d 25 GISD (4 1).

(1) GAIA %55 2 BN BEZ FIFI H GEE =it 5E-F &, A8 T GAIA HUR4E, ©if a5 1 M 1985~2018
SRR — NI 30 K FEER BT AN B KIS B o 5 TP A Landsat S5 R4 B b 42 (L35 2 (AT
JeBAEA Sentinel-1 & HALA T IABIE), PFAE T 1985 4F. 1990 £E. 1995 4E. 2000 £E. 2005 4E. 2010 4F
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Figure 1. Study area
E 1. fREREE

Table 1. Source of the dataset
= 1. BUREXRIR

B 7 B 43 A IS 18] /5 51

GAIA 30 K 1985~2018 4

GISA 30 K 1972~2019 4
GISD30 30 1985~2020 4

R(E |
AER
SER
AER

e B

(=9 http://data.starcloud.pcl.ac.cn/

U https://zenodo.org/record/5136330
PUIEPR https://doi.org/10.5281/zenodo.5220816

F12015 1) GAIA #¥s, TR R T 90%.

(2) GISA ¥ FNIE T GEE =°F &M Landsat §21%, KHBENLARM DI, IR T
1972~2019 4E[8] 30 K5 #2361 A BRANIE /KT P> o E AT BR 45 A HRUIR T 1) 5 20 P e 40 X = W E A
BARKEREN 90.69%. AL, W T — B A BRANE Kb B 2280 57, A4 A sh &R FEARE.

SRy A N A SN 7S SR AR HE

(3) GISD30 ##E 4 & X K = BIBAFE GEE =°F- & L., #H Landsat 52444 AT 1985~2020 FE4Ek 30 K
ANE K . 76 23322 DN EERIGIEFEA A, 4Bk 30 KA /K I 2 A58 (1) S AR FE A 90.1%, Kappa
ZHUN 0.865, REMLHLUTH SR IUANIZE /K THI A0 25 8] 43 AT R 25 8h 245 o
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2.3. BURTALIE

AN K T AR A5 2 IR E o 7 S 0T T R B AN 38 K T A 5000 kAT itk A B, SRS AT 38T, 385
Kl N AT BOE B A, R SRR TR O R IE K S [8]. WAL, A AIAREUHE GATAL GISA.
GISD =R AELE 2015 £ AE KT EE -

WIZRREAR SR EL S 4 B . 7E Google Earth FTHIFR BN R 2015 4E /1 5L 5AAR , R F BEALIE AU 7325,
AR 1000 NMNGRFEA s, A3 500 NAE K THAEA AT 500 NAEAE KA 2o SR ER ISR S S
N ArcGIS i PF, IR BEWE, X B B S 3478 B VPN BT 75 R I SRR AR A

AFE KB BB, 9T L GAIA. GISA. GISD =ANEH 4 T 2 B AN 33 7K T F i &
FIFHZREAR AT RS FE VA o 7E ArcGIS BT, 23 14 = AN Els 8 o i il 2 R AR RS B Sk o 4R
JE RIS V528 B BT s AN B K TR DY 1, AEARIEKEIRE N 0. 55, 43 BIXT VI ZRAFE AR 5
A=A BHE S ARE KT S, AT SRR FE AT Kappa 2B . @ XPIANKE EEIE TR bR, S2Hl
of AN B S NI K T EOHE T B LR, AT 75 R B o e R A 4

24. ARFZE

2.4.1. REIERE K Kappa REHTHE

N EEUE 3 MEARER R R, RAMARIIER 7, FIH Google Earth L[ 2015 4[]
[ SRS FEA 34T H AR R . 7R 9T X N BEATLIE HL 1000 MEEA AT, JEak B AR e, XTHREEAR S AT
SRR R — 3. R T AR fEAR, SRS B Kappa RECKIGIE 3 FEEE R 72845
FORGFE o mI i FVRERERE, FRATTAT DAHREAR IR 23 0G B AT 58 B VPAN (9], I P B mT DU Bt Tt A
WA RRILLH, HH AT LLdE Kappa RECRATEILAERYE. SRS B RAT 8 AN E /K 7 2845 R R IR
F[10], Kappa ZRECAT LSk Y SRS ZRAERAPE 117, AT 5 2 b S et A 7K T B 4 1) 20 2R UK

24.2. FREEMHE S

PrE ZEM [ B - Lefever T 1926 R4 H, B2 FH T A R 2% (8] B 48 7~ M BE 2 32 (1 22 5 THIRRAIE
[12]o JEIEAE A 2 AR (AR S 4, e D70 Kby JE 3 o A B, FRATT AT DLE B H 4
TR B A S (A A RO S 284G . BT, B BE AR b, Bd B R R I ANE K TR 2,
bR ZE IR ] 7 VR AT ] B A8 AN K T 25 A8 A 73 BT [ 13] [14] 6

For, 0 5 T AR R s A3 K T 0 2 ) o A YE o IR R O R AE 25 () o AT B EEGy, RIFT
AEKEHAE RO E . A N:

n
— z WX
=1 7

X, ==
w.
Wi

Z/ (1

=1

Y, ==,
i:lwf

Ref, (X7, ) FRMACTt, wo A& R, (x,5,) WBFSON R 1 B2 AL R
AL AR NI R A i AT 1A, BB BRI B AR (151, LA AR AL

AJ DL BRANIZE 7K TR 53 A7 B 32 R A i % O e (U £ B0l i £ e %) . tH A RO
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Figure 2. Distribution map of validation points for the 2015 Henan Province impervious surface remote sensing dataset
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Table 2. Accuracy assessment of impervious surface classification for GAIA, GISA, and GISD products in 2015
7 2.2015 £ GAIA. GISA F GISD P& A E KA LREETM

. _ AR S
15 EEVEN FE bR
GAIA GISA GISD
SRR 0.922 0.937 0.932
kappa 2% 0.844 0.874 0.864

YO EE A, 3G RN KT 38R, 177 GISA A1 GISD $dE G5 A #EATAHOCBR #] . |1k, XJELf53 HH GISA
A 73 IS B2 3 A B A SR AR o

3.2. ZHAREKEIBRBIRERZEXIEL
WA A B P I TR BT BT JFEIT AR M T IX 4 AN oA HmE S04, dni 3

GAIA-2005 GISA-2005 GISD-2005 GATA-2005 GISA-2005 GISD-2005 N

GAIA-2010 GISA-2010

GISD-2010

GAIA-2015 GISA-2015

GISD-2015

GAIA-2005 GISA-2005 GISD-2005 GAIA-2005 GISA-2005 GISD-2005

@ 0 15 30
) km
GAIA-2010 GISA-2010 GISD-2010 GAIA-2010 GISA-2010 GISD-2010

GAIA-2015 GISA-2015 GISD-2015 GAIA-2015 GISA-2015 GISD-2015

| EES:2Ri R

Figure 3. Comparison of the spatiotemporal distribution of three impervious surface remote sensing datasets in different urban
central areas: (a) Xuchang City, (b) Luoyang City, (c) Kaifeng City, (d) Zhengzhou City
E 3. =M EKEERBIBEEFAREHHOCHEXMRZESAEILR, (a) &M, (b) KT, (o) FHT, d) BMH
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Fime WK B, BEEBTERHERS, &I AE K KISEREY K. WNEES6 EE, 2T
rhC X fr JA] R DX 4k, S RS B ANE K TS TG K 2 Bl SerE JEANE K E e 8 Bl 2005 48, ANiEK
[ = 250 AR IR T A0 DX, 9 BH T 35 R AR E X AT X . 2010 F1 2015 4, AN 7K IH 4425 n) i i
AR X 5K o« M 3 AR AR AN I K TR 25 9™ R 2 A T v, ] DU H T AN 3% /K T P K R 4 — 35001

Hr, GAIA BUEETERREUANE KT, K B X IR SRAEIN T VE Ny, MBI AT LA H, GAIA %L
PR AE KT AVE ). H2, BAFEROWMXEREEN, BTENXEREAYME., Xkt
ZESt. XU AT B AR, S SR, BT AN S A X R A SR LTI AL . GISA 5
GISD HHEELERR A IE KT, A PR EE L 250 AT 4 1) i 2 3 4 4% GISA A GISD
LI 2 S A REAT X L, AT RAUR I GISA Hd SE7E Hp O3l X 1R 20 A7 45 UAH XL T~ GISD #idia 2k .

Zi b, GRS ERE & GAIA. GISA M1 GISD = Fh#i4f 4R 18 B 48 SR I 200f LU I 45 SR LW, GISA 4%
P — PR 4 v o AR O G v AN 7K T8

3.3. ARENEKEELSTH

I X GAIA. GISA F1 GISD iX =/ME#fi 85 1) 73 K5 FE kAT LU L, 73 1 GISA a4, i i) ot &
FEXE AT, 5 B 40 B AT Tl B 28 AN K THT B 2 V8 AR b o Forp, “MRBIR /N7 AN SRR —
WhrEZE, ORI L) 5 A 68% M N EER O S TEN o R bRk ZE M1 33— 20 B3 T A &K
TS ZA RS, 1985~2019 90 FE 44 A% K T bR AEZE R B 120 A0, W] 4 firos o Am i 22 615 (1 40
SR 3 PR ARAEZEMR B0 77 ) S B T AN K ik 77 PR3 . AN 4 Hhn] DUR AR TE ZE 1
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b3 16.02°, BEJE LA 1990 £EH 16.02° T F&F] 2000 £/ 14.16°. 2000 £E3] 2005 42, JilA M 14.16°
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Figure 4. Standard deviational ellipse distribution of impervious surfaces in Henan Province from 1985 to 2019
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T ZE A0 0 P K i 6 2 L LU AR R s AN T KT P 2 TR) 0 AT o T SR 5 0 2 1 LU AR B0 1, TUANI
KT EA A E W EY K7 [, ANFEKHIIE—AN XN A2 B HU i, 1985 454 2019 4F, ZIGH
fE 1.15 3 1.23 Z A1), ££ 1985 44 1990 AR ETF, 1990 fE i iy 1.23. RAKKIHAE H
PLLE 1985 F12019 48, ¥J08 1.15. fERLIATR], AN K AL 7 X FERGESY K. MKRIT7 &, 1985 % 2019
RN, KAhbRUEZEH 163,496.8 KIEINE] 166,716.8 K, FIAAE/KEEFEE 70 R Kash; W
JiTAE s FEAIRREZE B 1985 41 137,401.2 KB INZ] 144,611.3 2K, KU FL X ANE /K [ 7E Hy 2 25 0] L 2
PR . FFFRR, 1985 (& 2019 (EAE K I 5K BA — M7 mtk. seah, 3R rk
WK, ARG AN K TH IR 2 18] 3 A B K.

G BT A TR I AN E K AR S 23 [B] 3 A 2 B S AN &K T R AR A ) 2. 1] 5 2 1985 4E &2 2019
EN R A IE KT TR AT . BT LAE B, 1985 4E5] 2019 4E7 B4 A iE K RSt b, A
O XA E KT AR A B R, PR o M X R R 2218, 32 B AT B RO AR 2R L ki T PE R X, X AN i

Table 3. Parameters of the standard deviational ellipse of impervious surfaces in Henan Province from 1985 to 2019

< 3. 1985~2019 FFAEE MEKEInEEHBE S

o KAl (m) 1 (m) KA/ Al JFFAEC)
1985 163496.8 137401.2 1.19 19.06
1990 166700.7 135382.4 1.23 16.02
1995 166392.4 137006.9 1.21 16.00
2000 166551.9 138987.6 1.20 14.16
2005 166168.7 141662.8 1.17 12.98
2010 166463.7 142676.4 1.17 12.29
2015 166364.5 144539.0 115 1231
2019 166716.8 1446113 115 12.72

(a) 1985

N N
A (b) 1990 A (c) 1995 A (d) 2000

- :”:Z:igﬂ(E 0 100 200 - 3EZ:]£ZKE 0 100 200 - 3EZ<]£7KE 0 100 200 - 4FZ:@7K[E] 0 100 200
ANif K [ AN K [ ANIE K [ ] ANiEKE [ =]
N N
(e) 2005

N N
A (f) 2010 A (g) 2015 A (h) 2019

A K
i K

0 100 200 - :{LZ:@7KE 0 100 200 - 4#Z:I£7KE 0 100 200 - 3F$jﬁ/kﬂﬂ 0 100 200
km AN K I [ = ANiB K I [ ANiE K [ =)

Figure 5. Distribution of impervious surface expansion in Henan Province from 1985 to 2019
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KR A — BRI, BEACRAE, TR A ANE KT 23 5KiE %
Zi b, fE GISA ##lafErh, 1985 4F2 2019 FEAZE KGR EA —ERT7 . BEA&E I AR,
TR A AN IE KRR K. R 48 AN /K T B 25 8] 3 A A 5K PR A R

4. g

A Google Earth BRIEFAZEE FHIREUNANE KT M) a2 0 2K 45 B, B IR IEH 4 o 1 s ik
Iy NG AT Kappa RBUIAT & B IR 2015 4F GAIA. GISA Al GISD =Fh¥¥E s I BaAE 1, A8
JR AR AT 1) GISA P i B3 BRI ANE /K T HE 383 bRt ZE 615 4 A 7 iERT 1985~2019 4R [AIH] R 44
AT KT FR I 25 AR AR A HEAT 40 M7 - 45 R IH - GISA B 4E e BE i &= L, 8 T GAIA 11 GISD % 4E,
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