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Abstract: Impervious surface refers to the surface unable to allow water to percolate through, such as pavements
that are covered by impenetrable materials and rooftops. Increased impervious surface area is a consequence of
urbanization. Impervious surface percent (ISP) is an indicator to quantify the urbanization level. Therefore,
accurate mapping and estimation of ISP in Beijing- Tianjin- Tangshan urban agglomeration are significant for
multi- city coordinated development and urban layout. Based on classification and regression tree (CART)
algorithm, a technical scheme of extracting ISP which is suitable for Beijing-Tianjin- Tangshan urban agglomeration
was constructed in this paper. High-resolution remote sensing data (i.e. QuickBird images), medium-resolution
remote sensing data (i.e. Landsat TM images in leaf-on and leaf-off seasons), and nighttime light data were used
as basic data in this scheme. Five-year ISP results from 1995 to 2016 were estimated to analyze the spatial-
temporal evolution patterns of ISP using this scheme. The main conclusions are as follows: (1) The optimal input
variables are the Landsat TM images in leaf-on and leaf-off seasons and the corresponding nighttime light data.
Since the number of Landsat TM images in leaf-off season is less in line with the quality requirements, the alternative
choice is to use the Landsat TM images in leaf-on season and the corresponding nighttime light data as the input
variables. After the accuracy verification, the correlation coefficient (R) is about 0.85, which can meet the need of
the comparison of ISP results between different years. (2) During 1995 to 2016, the total impervious surface area
increased gradually in Beijing- Tianjin- Tangshan urban agglomeration. Within the period, the most dramatic growth
was between the year 2011 and 2016. (3) ISP results were divided into areas with high-, medium- and low-density
impervious cover. During 1995 to 2016, the high-density and medium-density impervious cover increased gradually
in Beijing- Tianjin- Tangshan urban agglomeration, while the low-density impervious cover decreased slightly. The
changes of ISP results in each stage were significantly different among cities of Beijing, Tianjin and Tangshan. It
shows that the spatial-temporal evolution patterns are different in the process of urban expansion of each city.
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Fig. 1 The study area and examples of Landsat TM images
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Tab. 1 Data used in this study
SAZAICH 1Y
Hfide P 11805 (H1147)
122/32 122/33 123/32 123/33
T JERE Landsat 5 TM/ 1995 1995-04-02 1995-04-18 1995-09-16 1995-09-16
Landsat 7 ETM+(*) 2001 2001-09-17 2001-09-01 2001-05-19(*) 2001-05-27(*)
2001-08-31 2001-08-31
2005 2005-08-19 2005-08-19 2005-05-06 2005-05-06
2005-11-14 2005-11-14
2011 2010-04-27 2010-04-27 2011-06-08 2011-06-08
Landsat 8 OLI 2015 2015-03-24 2015-03-24 2014-09-04 2014-09-04
2016-05-13 2016-05-13 2015-02-11 2015-02-11
QuickBird 20054F
DMSP/OLS 1 km Z3 [A] 53 FER AR )X T 4k (1995-2011 4 )
Suomi NPP/VIIRS 500 m 7 i) 43 BEAR A7 (a1 KT AId)E (2016 4F)
HJE R ASTER GDEM (30 m =5[] /3 #K )
Hot BLIX AT X R EE

1 . *Fk Landsat 7 ETM 54
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Fig. 2 The procedure of long-term ISP evaluating and mapping
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Tab. 2 Fourteen schemes with different input variables
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Tab. 3 Accuracy evaluation and comparison of the fourteen schemes

RO AR 1 2 3 4 5

7 8 9 10 11 12 13 14

AE/% 135 13.6 12.7 12.8 13.6 15.2
RE/% 0.41 0.42 0.39 0.39 0.41 0.46
R 0.84 0.84 0.86 0.86 0.84 0.81

134 142 13.4 14.6 12.9 13.7 13.2 14
0.41 0.43 0.41 0.45 0.4 0.42 0.4 0.43
0.85 0.83 0.85 0.81 0.86 0.84 0.85 0.83
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P13 1995-2016 4F UL RS T AN 28 /K T 8 B 231 4]
Fig. 3 ISP results of Beijing-Tianjin-Tangshan urban agglomeration from 1995 to 2016
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K4 2005 4F- 3 1T A 375 7K T 2 FE A FEPPAl Bl #

Fig. 4 Scatter plot of the accuracy evaluation of ISP result in 2005

F4 KEFISPHIEA REEITMER
Tab. 4 Accuracy evaluation results of long-term ISP mapping

WEEINFEPE  19954F  20014F  20054F  20114F  20164F

AE/% 9.7 8.9 12.8 8.6 14.9
RE 0.41 0.36 0.39 0.44 0.43
R 0.75 0.8 0.86 0.76 0.76

IS5 5o A X A AR N7 K b 3R T X
Fig. 5 Impervious surface area of Beijing-Tianjin-Tangshan
urban agglomeration

®5 FEEMXEEMETAEKEEENERFEE
Tab.5 Mean value and standard deviation of ISP in different
years of Beijing-Tianjin-Tangshan urban agglomeration

19954F  20014F  20054F 20114F 20164F
PItI% 49.72 50.47 5387 5203 57.17
FrifE2E1% 31.98 30.47 29.73 2784  27.86

T B H A1 B B HEORE RE A DRSS o
(2) T b i DX AN K 1 s P2 T Bk L
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FE AN 35 7K 1A (10%~60% ) | H 35 B AN 375 7K 1T (60%~
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%o WA, BT LA 1 3 AT X IR 45 2 BN B
JK 8T 55 BE TR A R —E 2200
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o e P R K T i R SR AR R B K N
75 /K T 26 A 1) e v 2 B AR AL, kT B AN
e
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15 i AN 7K TR T AR 25 AN K EIG 5 B AN 355 /K T
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ANIEY J A =, T A X R SRR R

(3) 5 Ll TiT AN [ 28 3] (4 A28 /K T e 38 T AR 2 051
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Fig. 6 Impervious surface area of different categories in Beijing-Tianjin-Tangshan urban agglomeration
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