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Abstract: As human activities expanding and the process of urbanization in the past decades, urban land use changes very
quickly at different scales in China. Extensive studies have been carried out to extract information of land use changes from re-
mote sensing data. Conventional remote sensing change detection methods such as direct comparison and post-classification
comparison are performed at pixel level. However, these methods have been proved to be less effective in quantitatively detect-
ing subtle changes within one land use class than detecting land use transitions, i.e. qualitative changes occurred between differ-
ent land use classes. To enable the capability of detecting quantitative changes in urban land use, a change detection method is
proposed based on impervious surface mapping with multi-resolution remotely sensed data. Urban development leads to the in-
crease of impervious surfaces in urban areas, and the impervious surface has been recognized as an important urban land cover
type and one of the key factors in the land, hydrological, climatic, ecological and environmental studies. In this paper, the classi-
fication and regression tree (CART) algorithm is used with both high-resolution (QuickBird) and medium-resolution (Landsat5
TM) remote sensing data to establish prediction models of impervious surface percentage (ISP). Based on bi-temporal results of
ISP prediction, urban land use changes from 2002 to 2006 are detected in Tai’an city of Shandong province. Furthermore, pre-
liminary analysis for these urban land use changes is carried out. The experimental results demonstrated the feasibility and ef-
fectiveness of this change detection method which can be used as a supplement to conventional change detection methods.
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1 INTRODUCTION

Change detection is the process of identifying differences in
the state of an object or phenomenon by observing it at different
times (Singh, 1989). With the rapid development of urbanization
in China, the state and situation of urban land use have changed
dramatically, such as the agricultural land around the city has
been transformed into urban construction land, the industrial and
low-density residential land of the old city have been developed
for high-density residential and commercial land. These changes
have led to great impacts on the environment and ecological
processes gradually. In order to study these impacts, the quanti-
tative change information of land use should be obtained, and
the urban land use change detection is very significant (Bruz-
zone & Serpico, 1997; Mas, 1999; Chen, 2000).

Nowadays, with the rapid development of remote sensing
technology, earth observation satellites can provide more and
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more multi-sensor, multi-temporal and multi-resolution images
for land use change detection study (Jia, 2003; Lu et al., 2004).
The traditional change detection methods include image differ-
encing analysis, the direct classification, post-classification
comparison and mixed methods (Coppin et al., 2004; Liu et al.,
2005; Radke et al., 2005; Li et al., 2005). And most of these
methods can obtain pixel-level results using medium-resolution
remote sensing images as data source. However, the traditional
change detection methods can only extract the transition infor-
mation of land use types qualitatively rather than quantifica-
tionally. In order to solve this problem, Yang et al. (2003a)
proposed a new urban land use change detection method based
on impervious surfaces mapping, and it was applied to the urban
expansion monitoring of Atlanta of U.S. successfully.
Impervious surfaces are usually defined as the collection of
anthropogenic features through which water cannot infiltrate,
typically including buildings, roads, parking lots, sidewalks and
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other built surfaces. Impervious surfaces percentage (ISP) is the
percentage of impervious surface area in unit surface area. And
it has been recognized as a key environmental indicator in
studying urban hydrology, heat island effect and thematic map-
ping (Arnold & Gibbons, 1996; Brabec et al., 2002). The num-
ber and distribution patterns of impervious surfaces are closely
related to urban land use status. The value of ISP corresponding
to the same land use type is always in a certain range, and dif-
ferent ISP value represents different land use types. Therefore,
the spatial and temporal distribution of ISP can be considered
as a continuous description of land use pattern. The method
based on ISP can provide more detailed information than tradi-
tional land use change detection methods.

Nevertheless, the research and application of the ISP-based
change detection method is still in its infancy, and the methods
proposed by Yang and other researchers needs further im-
provements in ISP training/test data collection, optimization of
prediction model and analysis of the change detection results.
In this study, to achieve the land use change detection method
based on ISP, a classification and regression tree (CART) algo-
rithm is used to estimating ISP using multi-source remote sens-
ing data. Tai'an city of Shandong province was chosen as the
test area, and the results confirmed the effectiveness of this
method.

2 URBAN IMPERVIOUS SURFACE PERCENTAGE
ESTIMATING AND LAND USE CHANGE DETEC-
TION

The general process for the ISP-based land use change detec-
tion consists of following steps shown in Fig. 1: (1) develop-
ment of ISP training/test data derived from multi-source remote
sensing images; (2) establishment and assessment of final ISP
models; (3) ISP estimating, mapping and accuracy assessment;
(4) urban land use change detection based on ISP.

2.1 Dataset and pre-processing
Tai’an, located in the middle of Shandong province, is cho-
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Fig. 1 Flowchart of ISP estimation and urban land use change detection

sen as our study area. Urban area of Tai’an City is located at the
southern foot of the world famous Mount Tai. The area exhibits
a mixed land-use pattern comprising buildings, transportation,
bare land, agriculture, forestry, rivers, reservoir and so on.

Two Landsat5 TM images of Tai’an City acquired in 2002
and 2006 respectively, as shown in Fig. 2, were selected for ISP
estimation. Both images were collected in May, which is bene-
ficial for change detection because it can avoid phenological
differences. A multi-spectral QuickBird satellite image of May
2005 was used to develop reference data for ISP prediction and
performance assessment. All of the images were acquired at

(b)

Fig. 2 Landsat5 TM images of Tai’an city (Red: TM4, Green: TM3, Blue: TM2)
(a) May 31, 2002; (b) May 2, 2006
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cloud-free condition and had a good quality for experiments.
Some basic pre-processing was carried out on the images. The
Landsats TM and QuickBird images were geometrically cor-
rected to the 1 10000 local terrain map, and re-projected into

UTM/WGS84 Projection with pixel size of 30m by 30m for all
bands. For relatively clear Landsat5 TM scenes, a reduction in
between-scene variability can be achieved through normaliza-
tion for solar irradiance by converting spectral radiance to
planetary reflectance or albedo. The digital value of Landsat5
TM images are transformed into reflectance in this paper
(NASA, 2009).

2.2 Methods of ISP estimating and land use change
detection

2.2.1 ISP training/test data collection

Successful ISP modeling with the CART algorithm relies on
the quality of training/test data. The general process for ISP
training/test data collection involves following steps: (1) classi-
fication of high resolution images; (2) statistical computation of
ISP reference data for ISP modeling and accuracy assessment.

In this research, according to our priori knowledge, super-
vised classification was used to classify the QuickBird image of
0.6m resolution, and the overall accuracy of 92.56% and kappa
coefficient of 0.9112 were achieved. There are nine classes in
the classification results including farmland, grassland, forest,
bare land, building, road, cement, water and shadow. Classes of
building, road, cement were considered as impervious surfaces.

Model:

Rule 1: [2165 cases, mean 44.8, range 1 to 99, est err 15.9]

if
band03<59
band04 > 75
then

Pixels classified as impervious surfaces were then aggregated to
estimate ISP over 50X 50 grids. The final statistical results
were resampled into 30m grids to match the resolution of
Landsat5 TM images. Fig. 3 presents a subset of the QuickBird
image and corresponding ISP results at 30m resolution. The
spatial patterns of the ISP results illustrated in Fig. 3 were gen-
erally reasonable; ISP values of the building area are always
higher than the vegetation coverage area. Training and test data
were derived from a wide range excluding shadow areas. 8000
training samples and 2000 testing samples were independently
selected based on stratified random sampling for establishment
and evaluation of the rule-based ISP prediction model.

It should be noted that the shadow class was excluded from
the ISP calculation due to its uncertain status. In addition, if the
high-resolution and medium-resolution images are acquired in
different years, the samples which do not have the same type of
ground features should be discarded in order to avoid possible
degradation in performance of ISP prediction models.

2.2.2 ISP modeling and mapping

In order to build the ISP prediction model, the training data
was obtained from the QuickBird image as the target variable
(ISP), and the six spectral bands of Landsat5 TM image exclud-
ing the thermal infrared band as predictor variables. The final
regression tree model was built using the most relevant input
variables and all available training data, and then applied to all
pixels to map large area. Each classification and regression tree
can be represented as a series of decision rules as follows:

dep =-105.6 + 1.85 band03 + 1.5 band02 —0.72 band04 + 0.44 band06 —0.43 band12 + 0.65 band08 + 0.06 band09

+0.03 band11

Rule 2: [1498 cases, mean 63.8, range 1 to 100, est err 13.4]

if
band03<59
band04<75
then

dep = —63.9 + 3.1 band03 —1.45 band04 + 0.8 band09 + 1.02 band02 + 0.3 band05 —0.53 band07 —0.33 band06

+ 0.22 band11 -0.04 band12

Rule 3:  [1527 cases, mean 71.9, range 1 to 100, est err 14.9]

if
band03 > 59
band04 > 77
then

dep =57.3 + 2.09 band02 —1.12 band03 —1.02 band04 + 0.56 band01 —0.22 band05 + 0.43 band09 + 0.27 band06

—0.35 band07 + 0.22 band10
Rule...
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Each rule set defined the conditions under which a multivari-
ate linear regression model was established and can account for
a nonlinear relationship between predictive and target variables.
The initial predictive models were developed based on CART
algorithm by using the Cubist 2.05 software in this paper.

2.2.3 Accuracy assessment of ISP estimating

The final ISP estimating results were obtained by applying
the ISP prediction models of 2002 and 2006 respectively. In
order to speed up the computation, open water areas were
masked before ISP estimation. To ensure the validity of the
assessment, all the reference data were selected randomly and
independently from the training data used in building the ISP
prediction models. Besides the average error (AE) and relative
error (RE), correlation coefficient (r) between actual and pre-
dicted values was also used to evaluate the quality of ISP pre-
diction models. All three statistical measures were used
throughout the study to evaluate the ISP model performance
(Yang et al., 2003a, 2003b; Wu & Murray, 2003; Xian & Crane,
2005).

2.2.4 Urban land use change detection based on ISP

A pair of urban ISP estimating results was obtained using
the Landsat5 TM images of 2002 and 2006. Land use change
detection and analysis of Tai’an City was conducted base on the
variation map obtained by ISP image differencing.

3 RESULTS AND ANALYSIS

3.1 Results of ISP estimating and accuracy assessment

The ISP maps of 2002 and 2006 obtained are shown in Fig. 4,
in which different colors represent different ranges of ISP value.
It can be seen that spatial patterns of the two estimation results
are generally similar to each other. The models correctly pre-
dicted the high ISP values as more than 60% in dense built-up
areas, and even higher (80%—100%) in the old city. However,

the ISP at suburbs and hilly areas located in the south and north
of the study area are lower than 40% obviously. The ISP value is
lower than 30% in most vegetated areas, and is always between
40% and 50% in the bare land area. The experiment results in-
dicated that the ISP prediction models quantified the general
impervious surface of the study area reasonably.

An accuracy assessment was performed to evaluate the ISP
estimation results using the 2000 independent samples, and the
results are shown in Table 1. Fig. 5 shows the scatter plots of
correlation coefficient r which presents the agreement between
the actual values of the target attribute and those values pre-
dicted by models. Table 1 shows that the performances of the
two ISP prediction models are comparable, the prediction model

ISP value/%

Fig. 3 Extraction of training/test data for ISP estimation
(a) pan-sharpened QuickBird image of 0.6m resolution; (b) ISP map of 0.6m resolution; (c) ISP map of 30m resolution. Blue color in (b) and (c) indicates
waterbody mask
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Fig. 4 Results of ISP estimation over Tai’an city
(a) 2002; (b) 2006
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of 2006 has a better performance owing to its proximities in
acquisition time with QuickBird image. Compared with the
prediction model of 2002, the correlation coefficient of 2006
increased by 0.04 and the average error decreased by 1.8%.
Generally speaking, the estimation results of Landsats TM
images are satisfactory, and the predication models have a trend
of ISP overestimation for the pixels with low imperviousness
(0—20%), but underestimation for those with high impervi-

ousness (80%—100%).

3.2 Results and analysis of change detection

The ISP variation map was obtained by differencing the two
results of 2002 and 2006. Fig. 6 shows the distribution of areas
with ISP increment. It can be concluded that not only the extent
but also the destiny of Tai’an City have changed obviously
from 2002 to 2006. The extent of the old city has expanded to
the whole test area, and most of the areas with ISP increment
exceeding 40% were located in the new built-up areas. More-
over, density of the urban area increased greatly, especially in
the old city. For example, the ISP in old city (such as Aiin Fig. 4)
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increased from 61%—70% to 81%—100%.

For the purpose of quantitative and qualitative analysis, ISP
variation of increasing more than 30% (yellow) and decreasing
more than 40% (green) were identified in Fig. 7. Combined with
the images and terrain map of Tai’an, it can be found that the
areas marked as A, B, C are the areas around the new government
building, the Dahe Reservoir dam and the development zone of
Tai’an. ISP in these areas increased obviously (more than 30%)
caused by constructions from 2002 to 2006. Meanwhile, to im-
prove the tourist environment of Tai’an, a lot of greenbelt was
built during the national “tenth five-year”, as a result the ISP
reduced dramatically in the areas around the foot of the Mount
Tai (such as D in Fig. 7) and the development zone of Tai’an
(such as E in Fig. 7). NDVI of the two temporal Landsat5 TM
images were calculated, and it can be found that NDVI in the
areas colored in green (such as D and E in Fig. 7) increased
greatly. In other words, the main reason of ISP decrement is the
increment of the vegetation coverage. In short, ISP variations can
represent the pattern of urban land use change directly.
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Fig. 5 Scatter plots between predicted and reference ISP in Tai’an
(a) 2002; (b) 2006

Table 1  Accuracy assessment for the two ISP prediction
models of Tai’an

Statistical indicators
Time Average error (AE) Relative error Correlation coefficient
1% (RE) n
2002 16.9 0.69 0.67
2006 15.1 0.64 0.71

In order to quantitatively analyze the trend in land use
changes, urban land use types were divided into four broad
categories by ISP values. The empirical thresholds and the
dominant components of the four categories are shown in Table
2. Variation of the four categories of land use between 2002 and
2006 were obtained by statistical analysis, shown in Table 3.

Legend

- Water
ISP increment
B <10%
B 1%—20%
L T 21%—30%
I 31%—40%
B 0%

Fig. 6 Results of ISP change detection in Tai’an city from 2002 to
2006 (increase in I1SP)
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Fig. 7 ISP change maps from 2002 to 2006
(a) Areas with ISP increased by more than 30%, A is the area around the new government building, B is the area below the Dahe Reservoir dam, and C is the
development zone of Tai’an; (b) Areas with ISP decreased by more than 40%, D is the area along the foot of the Mount Tai, and E is the development zone of
Tai’an and the farmland around it

Table 2 Four urban land use categories according to ISP value

Categories of land use Non-construction land

Moderate and low density
urban land area

Moderate and high density High density urban land
urban land area area

Extent of ISP /% <30

Agricultural land and urban
green space

Dominating feature components

31—50

Residential land and a spot of
roads industrial storage sites

51—80 81—100

Roads and commercial land Commercial land and

Table 3 Variations in area of four urban land use categories in
Tai’an from 2002 to 2006

Ikm?
Types of land use 2002 2006 Variation
Non-construction land 5.4774 17.7111 12.2337
l':’r'g:ﬁrlitsda;‘rde:’w density 11.7900 7.2720 45180
mggﬁﬁitsda;‘fe;‘igh density 36.1089 174969  -18.6120
High density urban land area 35.1531 46.0494 10.8963
Total area 88.5294 0

According to above results, characteristics of land use change
in Tai’an from 2002 to 2006 were obtained as following:

(1) The transitions between urban land use categories were
very obvious, and the density of urban land use increased sig-
nificantly. The trend discovered was that the moderate and low
density urban land area transformed into high density urban
land gradually. From 2002 to 2006, the moderate and low den-
sity urban land area reduced significantly, while high density
urban land area increased by about 10.8963km?.

(2) The achievements of urban landscape construction were
remarkable, the non-construction land of which ISP value were
less than 30% increased substantially. From 2002 to 2006, the
non-construction land in the experimental area increased from
5.4774km? to 17.7111km?, and the increment was about 223%.
Most of the increased non-construction land was urban green
space.

4 CONCLUSION AND DISCUSSION

The method of urban change detection based on ISP estima-
tion is investigated in this paper, Tai’an City was chosen as the
test area, and the results validated the potential of this method.
Compared with traditional methods, the method employed in
this paper combines the merits of multi-source remotely sensed
data, and it provided a different way to extract and analyze
information of the urban land use change by quantifying ISP as
an urban indicator. Therefore it can be used as a supplement to
conventional change detection methods.

However, there are also some defects of the method used in
this paper. Owing to the fact that errors between 10% to 20%
exist in the two temporal results of ISP estimation, subtle varia-
tions of ISP is difficult to reflect the actual changes of ground
features effectively. Moreover, accuracy of the change detection
is influenced by the following factors: registration and calibra-
tion errors of the multi-source and multi-temporal images, error
and uncertainty in the ISP training samples, i.e. processing of
the shadow areas in the images and the consistency of the
training samples in medium and high images. Nevertheless,
with the improvement of remote sensing in image registration,
calibration and interpretation, these limitations are expected to
be mitigated.
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