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PR WERATRRAL S RO AT LR
Fd e %%%ﬁ%ﬁw%i’ﬁ PE s A B AR
# % 2003 & ~ 2006 & 22 2009 & 2 SPOT-5 #* i = #7 7 #
o ¥E 2 B R EF RSB AER - FT E ua”%f» B s diR
N A ENSE VT LA SN AR TN BTN T SRR
TR B REWS RS Lk L AH D VR B
ﬂp%i%ﬁéﬁ%ﬁ;ﬂﬁ’%})ﬁ’( fawqﬁ_%,g 7=
i sf*i"f’?i?’/f?‘l? s AR enp e & 5 TS o

logit it §FHE3C S 17 4 47 0 117 2003 22 2006 # o 57
A%evhﬁwﬁ’uhw%Xéﬁi% FHHUL A
) 5 it 2009 & B B R R FokE 0 B BT
Wt o PR AT T 80% 1 L

e R D SRGRIEG R ETR AR 24 - B8R A
;¢ Logit Ep:

® < 4 & : Satellite images are capable of rapidly collecting
data about large-scale earth surface, and
multitemporal remote sensing images can provide
forceful information for analyzing land cover changes
over time. This study used three SPOT-5 images
acquired between 2003 and 2009 to investigate the
trend of land cover change in the coastal zone of
Yilan. First, supervised classification method was
used to classify the images into 5 land cover types,
including water body, built-up areas, sandy area,
cropland, and forest land. Based on the
classification results, the land cover changes among
these three periods was compared. Secondly, by
referring to previous studies on Yilan coastal
changes, this study selected several natural and
human factors that are likely to affect coastal
changes to build a logistic regression model for
representing land cover change between 2003 and 2006.
The model was then used to evaluate spatial
distributions of various land cover types. Finally,
the classification results of 2009 image was used to
validate predictions from the logit model. The
results indicate that overall accuracy of the
prediction was above 80%.

#2440  multi-source remote sensing images, GIS, overlay
analysis, change detection, binomial logit model
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Application of Multi-source Remote Sensing Images in Detecting
Shoreline Change Along Yilan Coast
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Abstract

This study used multi-source remote sensing images to detect shoreline changes along the Yilan
coast. Various types of remote sensing images were used in this study, including old aerial images taken
in 1947, Corona satellite images acquired in 1971, SPOT-5 satellite images acquired in 2003, and
high-resolution aerial images taken in 2009 by the Aerial Survey Office using Z/I DMC (Digital
Mapping Camera). Because these images were taken in different time using different sensors, different
procedures were applied to process the data and georeference the images to a common coordinate
system. GIS (Geographic information Systems) software was used to digitize shoreline and the beach
area, then overlay analysis was applied to find the shoreline changes in different time periods. The
results show that, between 1947 and 2009, shoreline indicators (both water line and vegetation line)
moved toward the sea. Due to groin effect, the shoreline at the north side of Wushih Harbor moved
outward as sediment increased, and the shoreline retreated at the south side as erosion accelerated. The
beach areas of Yilan increased between 1947 and 1971; in contrast, more erosion was observed between
1971 and 2009. By using multitemporal remote sensing images and spatial analysis functionalities of
GIS, the historical changes of shoreline and beach area can be detected effectively.
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EEPEE KA EE  Phale (2007) DARFRAFPYIE # et H B v A DN EETT /K 4R 25U
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Corona f# 2 R BT 2B R T H B EE HI R S 2 - mETHR RN EE
ERRAEAG > MERRREET 2 AR EERCEHERENER - MEEEE 8RR
CAEHEEEE AU AHRREE NN EZER - £ Corona 2 EERH 288 T H4H—
TR RS 240 DIRISH S BRER R [E Ry A - [ERF AR ERT (Forward ) Eidf:{% (Afterward)
sl > ARG G Y - e PR ERE &4 (Digital Elevation Model, DEM ) »
Ry E W e 6978 NIFlT © 78 1995 4F 2 A% » EEIRF Corona # 2 255 - FAA—RE &R
T FARREE R > H RTARHER 7 #2 G Al S5 E FH & Fr (United States Geological Survey, USGS) il
AR (fE BB SR BRI MBI SR E ) -



55

Corona 24 24 TN EBmEGHE W ET 8IS - HLath 738 B2 - AWM
th =5k E Rt R EE R G (8 7) 0 #2850 1971 F4a6 - b utsebedeft - Bk
R ELEM K - S A ETER R -

B 7 BEERE 1971 F Corona HEFK

3.SPOT-5 2 #4:

SPOT ZJIfi 2 B R IGEI R - EIafiE & 832 N B » #EBLREERl /A 98.77 ° » GEHhIk
—REHIAZ) 101.4 57 — KA 14.2 B - k& 26 KiEMB[E—EiE - H SPOT-5 5k # 2 7Y 2002
5 H 4 HERTZE - 4 3 LG 77 A Ri{E HRG (High Resolution Visible ) ECHIZS ~ i
FHEM T AYERS VI (Vegetation Instrument ) ~ DK HRS ( High Resolution Stereo ) g HI25 -
F—{E HRG 250 7 nEHU [ 238G - —EZ ek - DR —(EFRIZALIMU B G
2tEER 5 12000 (& CCD ZE IS Ky 5 A R Zkatsg (g 6000 {iE CCD Z= fElfgfT My 10
AR TR AL YNGR B HIlA 3000 (i CCD ZEREfENTE £y 20 AR - EEMLFEE 1 - #E
SPOT-1~4 # E I ES BTGS2 @ E st 24y s 1000 AR - ifi SPOT-5 f# 25
Start Tracker B DORIS Z:47#E/ T RREARE (1 B > FEAL > (E A F I H2e 1B 5 R~ F I 2~ 48
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APPLICATION OF MULTITEMPORAL REMOTE SENSING IMAGES
IN ANALYZING LAND COVER CHANGE ALONG YILAN COAST
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ABSTRACT

Satellite images are capable of rapidly collecting data about large-scale
earth surface, and multitemporal remote sensing images can provide
forceful information for analyzing land cover changes over time. This
study used three SPOT-5 images acquired between 2003 and 2009 to
investigate the trend of land cover change in the coastal zone of Yilan.
First, supervised classification method was used to classify the images
into 5 land cover types, including water body, built-up areas, sandy area,
cropland, and forest land. Based on the classification results, the land
cover changes among these three periods was compared. Secondly, by
referring to previous studies on Yilan coastal changes, this study selected
several natural and human factors that are likely to affect coastal changes
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to build a logistic regression model for representing land cover change
between 2003 and 2006. The model was then used to evaluate spatial
distributions of various land cover types. Finally, the classification results
of 2009 image was used to validate predictions from the logit model. The
results indicate that overall accuracy of the prediction was above 80%.

Key words: SPOT-5 satellite image, supervised image classification
method, land cover change, binomial logit model
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T 13 26 181 0 0 220 82.27%
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PR 2003+ 2006+F 2009%F
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ABSTRACT:

Coastal zone constantly experiences interchanging succession of erosion and accumulation due to natural forces such as wind, wave,
and tidal currents. In addition, human activities often incur drastic and rapid change on the topography of coastal zone. The objective
of this paper is to examine the effects of environmental factors and land-use changes on coastal area in Yilan County, located in
northeastern Taiwan. First, multitemporal satellite images and digital aerial images were used to derive thematic maps for analyzing
land-cover changes of the study area. Secondly, the binomial logistic regression was used to analyze the relationship between land-
cover changes and sand dune changes in 2003 and 2006. Furthermore, by referring to previous studies on coastal changes in the
study site, possible natural and human factors that may affect coastal changes were selected to build a logistic regression model for
assessing the impacts of various factors on sand dunes. Lastly, the classification results of 2009 data were used to evaluate the
prediction of spatial distribution of sand dunes from the logistic regression model. This study integrated GIS, remote sensing, and
spatial statistical methods to characterize the patterns of land-cover changes in the study area. The results of this study can provide
valuable information for the policy-makers of coastal protection and management.

1. INTRODUCTION

Improper land-use is often regarded as a major factor causing
global environmental changes. Landscapes are dynamic in
structure, function, and spatial patterns (Dunn et al., 1991).
Land-use types result in changes to the land-cover, and
variation of land-use types are due to human activities and
environmental effects, moreover, under different temporal and
spatial circumstances (Turner, 1993). Therefore, it is necessary
to realize the land-use situations in a region before researching
possible factors that influence the environment. The remote
sensing technology has been proven a useful tool for regional
study because it can easily provide timely large-scale spatial
and temporal information for investigating environmental
changes. Classification of land-use and land-cover using
satellite images is considered an essential task in modeling the
earth as a system. For example, Lo and Choi (2004) adopted the
hybrid classification method to map the land use/cover of the
Atlanta metropolitan area; Lang et al. (2008) used image
classification approach to generate a land-use map of Indiana,
USA.

Growing concerns over the loss of biodiversity have spurred
land managers to seek better ways for managing landscapes at a
variety of spatial and temporal scales. The development of
landscape ecology has provided a solid conceptual and
theoretical basis for understanding landscape structure, function,
and change (Forman and Godron, 1986). The development of
GIS technology, in particular, has provided a variety of
analytical tools for analyzing landscape changes. Quantitative
indices are often used to describe or assess the structural

* Corresponding author.

condition of a landscape, by measuring spatial configurations of
patches on a landscape such as their density, size, shape, edge,
diversity, interspersion, and juxtaposition (McGarigal and
Marks, 1995). Moreover, these indices can be used to compare
landscape patterns of different scales statistically (Hulshoff,
1995).

The soft coastal landscapes of beaches, sand dunes, and
mudflats represent fast-responding and mobile geomorphic
systems that are highly sensitive to environmental changes
(Hansom, 2001). Coastal dune systems around the world are
under tremendous pressure due to sand loss caused by
construction industry, military usage, golf courses, etc.
(Williams et al., 1995) Located in northeastern Taiwan, Yilan
coastal zone is an important sedimentary coast landscape.
However, urbanization and industrialization drastically change
the sand dune landform in the last few decades. The
construction of sediment storage dam reduced the sand supplies
from river channel and caused severe sand loss problem (Chang
et al., 1991). Although sandy land cover conversion is relatively
slight as compared to the entire landscape, continuing land
conversion in the future could eventually lead to landscape
fragmentation and ecosystem deterioration. Therefore, the
objective of this study was to integrate remote sensing and GIS
techniques to derive landscape indices from land cover maps
obtained using multitemporal imageries, and to utilize spatial
statistical method to analyze the land-use change patterns and
possible factors in Yilan coastal landscape both temporally and
spatially.



2. STUDY AREA AND DATA

2.1 Study Area

The study area selected for this research was part of Yilan plain
and costal zone located in northeastern Taiwan, with a total of
about 7,571 hectares (Figure 1). Affected by human activities,
topographic and climatic conditions, the main land use patterns
of Yilan plain are crop lands and aquiculture, and there are
coastal forest and sand dunes in coastal zones.

7,680 x 13,824 pixels. This study used a total of 73 DMC
images to compose a mosaic image of the study area with a
spatial resolution of 0.15 meters (Figure 3). As compared to the
SPOT images, it is capable of providing much more detailed
information about the land cover of the study area. In addition,
various ancillary data was used in the study, including DEM
(digital elevation model), weather data, and vector data of land
use, streams, roads, and administrative boundaries.
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Figure 1. Location of the study area

2.2 Data

The remote sensing data used for this study included 3 SPOT 5
images acquired on 6/1/2003, 4/11/2006, and 5/29/2009,
respectively (Figure 2). These images were level 3 orthophotos
with 10 meter spatial resolution. The SPOT images had four
spectral bands, including: red (0.61 to 0.68um), green (0.5 to
0.59um), near-infrared (0.78 to 0.89 um) and short wave near-
infrared (1.58 to 1.78um), and atmospheric and spectral

corrections were done by the provider.
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Figure 3. DMC aerial images of the study area.

3. METHODOLOGY

3.1 Land cover classification using stratified classification
method

A post-classification comparison method was applied to portray
the spatial patterns of land cover types in different time periods.
Hierarchical classification approach was used to classify the
image data (Jensen, 2004). In accordance with land use vector
maps produced in 2006, firstly, supervised -classification
approach with maximum likelihood algorithm was used to
classify the 2006 image data into five land use categories,
which included water body, built-up area, cropland, sandy area,
and forest land. The training areas and validation areas were
selected by comparing the images with the land use maps.
Secondly, unsupervised classification approach was used to
separate the coastal forests from crop lands due to similar
spectral signatures between these two land cover types. The
same procedure was applied to classify the 2003 and 2009

image data.

3.2 Quantitative landscape analysis
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Based on the classification results, several indices of landscape
structure were computed by using Fragstats (McGarigal and

Figure 2. SPOT images of the study area.

Marks, 1995). Four landscape indices were used to assess the
temporal and spatial changes of patterns in the study area.
Number of patches (NP) equals the number of patches in the

In addition to satellite image data, this study also used aerial
images acquired on 5/22/2009 by using Z/I Imaging Digital
Mapping Camera (DMC). The DMC system is equipped with 4
high-resolution 7K x 4K panchromatic camera heads and 4
multispectral 3K x 2K camera heads (red, green, blue, and near
infrared). The final output of the DMC system are images of

landscape, as the area is held constant, it can convey patches
density and mean patch size of the area. Landscape Shape Index
(LSI) equals the total length of edge in the landscape divided by
the square root of the total landscape area, adjusted by a

constant for a square standard.
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where E' is the total edge length, A is the total landscape area.
LSI can be interpreted as a measure of patch aggregation or
disaggregation, as LSI increases, the patches become
increasingly disaggregated. The area-weighted mean shape
index (AWMSI) is computed by weighted patches according to
their sizes.

n 2 .
AWMSI_ZZ 02 |25 @

i=l j=1 1/ ij A

where pj is the perimeter of each patch of each type, aj; is the
area of each patch of each type, A is the total area of the
landscape. Shannon’s diversity index (SHDI) is a popular
measure of diversity in community ecology, which is measured
by:

SHDI =-) (P xInP) 3)
i=1

where | is proportion of the landscape occupied by patch type
i. SHDI equals 0 when the landscape contains only 1 patch and
SHDI increases as the number of different patch types increases
and/or the proportional distribution of area among patch types

becomes more equitable.

3.3 Evaluation of the change on landscape patterns by
Shannon t-test

Magurran (1998) proposed a Shannon’s diversity index t-test
method to test whether the land-cover patterns change
significantly. The following algorithms are used for t-test:

(Hl _Hz)

t=
1/2

(varH, +VvarH,) @

Z i(InPi)’ (Z PIlnPIJ |

VarHi = = o -

n, 2n,
(5)
~ (varH, +VarH, )’

(varH,)* /n, + (VarH, )’ /n, ©

where H; and H, are two dates of Shannon’s diversity index;
VarH; is variance of SHDI of period i; p; is proportion of the
landscape occupied by patch type i; m; is number of land-cover
categories in period i, and n; is number of patches in period i.

3.4 Logistic regression analysis on spatial distribution of
sandy areas

In this research, we used binary logistic regression method to
analyze possible factors that may contribute to land cover
changes. Logistic regression is a form of regression that allows
one to predict discrete outcome from a set of independent
variables of any type, including continuous, discrete,
dichotomous, or a mixture of any of these. Because logistic
regression can be used to solve nonlinear problems, it has been
applied in many different fields such as behavioral science,
social science, educational science, landscape ecology, and
epidemiology (Backer, 1989; Cheng et al., 2005).

A binary logistic regression (also called logistic model, or logit
model) is denoted as:

1ogit(p)=1ogL_le =B, +B,X, +B,X, +..B. X,

(N

where By is the intercept, B, are the regression coefficients, X,
are the predictor variables, p is the probability of binomial
response variable. The model is equivalent to the following:
eBo+51X1+52X2+~~Ban

p - 1+eBO+BIX1+BZX2+4..Ban (8)

To estimate the probabilities of various land cover types
changing to sandy area in Yilan coastal zone, the response
variable was the status of whether a land cover type was
changed to sandy area by comparing the images of 2003 and
2006. In considering the topographic, environmental, and
climatic factors, a total of 15 predictor variables were selected
for this model, including elevation, slope, distance to roads,
distance to stream, distance to embankment, distance to
protection forest, precipitation, wind speeds of all four seasons,
and wind directions of all four seasons. A stratified random
sampling method was applied to select sample points for the
analysis. Based on the classification results of 2003 image, 1%
of each land cover type was chosen as sample pools. Then we
selected 800 points from those changed from the other cover
types to sandy area, and 800 points from those did not change
to sandy area. Totally there were 1600 valid sample points. The
binary logit model was used to estimate the probability model
of land cover changes in coastal zone.

4, RESULTS
4.1 Land cover classification results

The satellite images were classified into five land cover types,
including water body, built-up area, cropland, sandy area and
forest land. Water body consists of river, aquaculture farms;
built-up areas represent roads, transportation lands, buildings,
grave land and barren land; and cropland are farmlands, either
harvested or not. Table 1 shows the classification accuracy of
various land cover types in the 2006 image. The overall
classification accuracy was 93.6%, with a kappa statistics of
91.75%. The percentage of all five land cover types is depicted
in Table 2. The land cover classification results are shown in
Figure 4. Based on the classification results, we observed that
there is a tendency of increase in built-up areas, and decrease in
cropland and sandy areas. Moreover, these images shows
prominent changes in the coastal area, e.g., the red, green, and
blue lines in Figure 5 represent the water line of year 2003,
2006, and 2009, respectively.

The spatial resolution of DMC images are much higher than
that of the SPOT images, therefore, it can provide much more
detailed information about the surface features (Figure 6).
Figure 7 shows the results of classifying the DMC image into
four cover types, including vegetation (red), dry sand (yellow),
wet sand (purple), and water body (blue), respectively. The
image shows not only the water line, but also the boundary
between dry sand and wet sand, which are not discernible using
SPOT images.



Water Built-up Sandy Cropland Forest land Total Consumer’s

body area area accuracy
Water body 533 5 0 0 0 538 99.07%
Built-up area 0 519 0 30 0 549 94.54%
Sandy area 13 26 181 0 0 220 82.27%
Cropland 0 50 0 530 11 591 89.68%
Forest land 0 1 0 6 314 321 97.82%
Total 546 601 181 566 325 2219
Producer’s 97.62% 86.36% 100% 93.64% 96.62%
accuracy
Table 1. The confusion matrix of the classification result of 2006 image
L-and cover 2003 2006 2009
type
Water body 27.46% 24.01% 29.17%
Built-up area 24.34% 25.59% 28.29%
Sandy area 8.15% 7.23% 6.64%
Cropland 27.40% 26.76% 23.41%
Forest land 12.65% 16.41% 15.22%
Total 100% 100% 100%
Table 2. Percentage of land cover types
N 2003 2006 2000
A
B vaer body
[ bulli-up land
B sy land
[ eropland
- forest |I.llll

Figure 7. Classification result of DMC imagle

Fig 5. Shoreline change detection with SPOT image



4.2 Results of landscape analysis

Based on the classification results, from 2003 to 2009, the
percentage of Dbuilt-up area increased by 3.95%, and the
percentage of sandy area and cropland decreased by 1.51% and
3.99%, respectively. To analyze the landscape changes of the
study area during these years, FRAGSTATS software was used
to derive landscape indices from the classified images. Table 3
shows the NP, LSI, AWMSI, and SHDI indices of these three
images. Table 4 lists the t-test results of Shannon diversity
index, indicating significant landscape changes between 2006
and 2009. The results indicate that the number of patches (NP)
increased from 5,362 to 7,501 during 2003 and 2006, and then
dropped rapidly to 4,210 in 2009. Similar trend is also found for
LSI and AWMSIL This is an evidence of landscape
fragmentation followed by aggregation of landscape elements.
The Hsuehshan Tunnel, also called Snow Mountain Tunnel, is
the longest tunnel (12.942 km) in Taiwan. The tunnel is bored
through the Hsuehshan Range, connecting Taipei to Yilan,
reducing the travel time from two hours to just half an hour.
Construction of the tunnel spurred rapid development of
tourism and real estate market in Yilan for the past few years.
Consequently, a lot of farm lands and bare lands were
converted to buildings and roads. Nowadays we can see many
large-scale hotels surrounded by farm lands and country roads
in Yilan. The result of landscape analysis support the findings
in landscape changes.

value show that these factors have significant effects on the
spatial distribution of sandy areas in the coastal zone.

Predictor variables Regression Wald Pr.>y’
coefficients

lintercept 11.1725 45.1913 0.0001

Elevation -0.4305 97.2758 0.0001

Distance to 0.0009 52.8008 0.0001

embankment

Distance to stream -0.0049 70.0173 0.0001

Distance to 0.0018 6.1519 0.0001

protection forest

Wind speed in fall 55.0056 79.8379 0.0001

Wind speed in -25.2362 65.9785 0.0001

winter

Wind direction in -9.0171 88.2118 0.0001

winter

Slope 0.2379 52.5402 0.0001

Landscapelndex 2003 2006 2009
NP 5362 7501 4210
LSl 47.758 54.385 44.687
AWMSI 11.670 12.683 12.605
SHDI 1.519 1.531 1.510

Table 3. Landscape indices derived from images

Time period 2003 v.s. 2006 2006 v.s. 2009
CampUiEel 1.69 2.82
value
Degree of 10822 7841
freedom
Theoretical t 0.67 0.67

value (5%0)

Table 4. t-test of Shannon diversity index

4.3 Results of Logistic analysis

The logit model derived from the sample data is as follows:

logit(p) =11.1725-0.4305x B, +0.0009 x B, — 0.0049 x B,
+0.0018 x B, +55.0056 By —25.2362 x B,
~9.0171x B +0.2379 x By

The predictor variables included elevation, distance to
embankment, distance to stream, distance to protection forest,
wind speed in fall, wind speed in winter, wind direction in
winter, and slope. The logit model of sandy areas distribution
between 2003 and 006 is shown in Table 5. The Waldy? and p-

Table 5. The logit model of sandy areas distribution between
2003 and 2006

The Spatial Analyst of ArcGIS was used to derive the
probability distribution map of the coastal zone, which is shown
in Figure 8. The cell values are between 0 and 1, which
represent the probability of being sandy area. The map shows
that the areas with high probability (higher than 0.5) coincide
with the sandy areas in the coastal zone. Furthermore, by
comparing the classification results of 2006 and 2009 images,
we can evaluate the prediction accuracy of the logit model.
Figure 9 shows the predicted probability distribution map using
data of 2006. Table 6 shows the wvalidation results. By
examining the 2006 and 2009 maps, the prediction accuracy is
above 80% if we choose 0.5 as the probability threshold of
changing to sandy area. In the distribution map of 2009, there
was more than 75% of sandy area fell in the area with predicted
probability higher than 0.5. Overall, the estimation accuracy
was acceptable.

The probability of sandy arca
I o500

] 2000 4000 B000

== ———[1

Figure 8. Probability distribution of sandy area
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Figure 9. Predicted distribution using 2006 data

Predicted probability 0.0-0.5 0.5-0.994
Percentage of sandy area in 19.9% 80.1%
2006
Percentage of sandy area in 25.1% 74.9%
2009

Table 6. The validation results

5. CONCLUSIONS

The results of this study show that the image classification
process yielded quite acceptable classification accuracy. The
DMC images provide much more detailed information than the
SPOT images, which can benefit the classification process. In
this particular study, integration of GIS with quantitative
landscape analysis techniques has been proven a valid method
for analyzing landscape changes. Moreover, logit model was
able to predict land cover changes in costal zone with accuracy
over 80%. In this study we selected 15 predictor variables,
which represent topographic, environmental, and climatic
factors. However, land cover changes may also be affected by
some other factors such as population distribution, the amount
of tourists, and development of industrial areas. Further study
will incorporate more predictor variables in order to improve
the accuracy of prediction.
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CHANGE DETECTION
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INTRODUCTION

The soft coastal landscapes of beaches, sand
dunes, and mudflats represent fast-responding
and mobile geomorphic systems that are highly
sensitive to environmental changes

In the last few decades, urbanization and
industrialization drastically change the sand
dune landform of Yilan coastal zone, located in
northeastern Taiwan.

INTRODUCTION

Development of remote sensing offers a better
alternative for large scale resource monitoring.

GIS technology provides a variety of analytical
tools for quantifying landscape changes.




2012/8/2

INTRODUCTION

The objective of this study was

to integrate remote sensing and GIS techniques to
derive landscape indices from land cover maps
obtained using multitemporal imageries

to utilize spatial statistical method to analyze the
land-use change patterns and possible factors in
Yilan coastal landscape both temporally and
spatially.

2TURY ABES ANR MATERIALS

Study Area: Yilan plain and costal zone located
in northeastern Taiwan, about 7,571 ha

Materials: SPOT 5 IMAGES

Date | 2003/6/1 | 2006/4/11 | 2009/5/29
Spatial 10 m
resolution
Spectral green (0.5 to 0.59um)
resolution red (0.61 to 0.68pum)
near infrared (0.78 to 0.89 pm)
mid infrared (1.58 to 1.75um)
Processing Level 3 (ortho)

SPOT 5 IMAGES

in 2003 in2006 in2009 A

Studly seve
Blan
Tabmsm

SPOT 4 Sacline Imsgrs
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Materials: DMC (Digital Mapping Camera) Aerial DMC AERIAL IMAGES
Images

Acquired on 5/22/2009.

The spatial resolution is 0.15 m.

Includes four multispectral bands (red, green,
blue and near-infrared) and high-resolution /
panchromatic band. !
Image size: 7,680 x 13,824 pixels.

This study used a total of 73 DMC images to
compose a mosaic image of the study area.

ANCILLARY DATA METHODS AND RESULTS
Digital Elevation Model (DEM) Land cover classification using supervised
Weather data classification method
Vector data: Quantitative landscape analysis
National Land use inventory Evaluation of the change on landscape
Road network maps patterns by Shannon t-test
Administration boundary maps Logistic regression analysis on spatial
distribution of sandy areas
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IMAGE CLASSIFICATION IMAGE CLASSIFICATION RESULT
Supervised classification approach with the overall classification accuracy was 93.6%,
maximum likelihood algorithm was used to with a kappa statistics of 91.75%
classify the 2006 image data into five land use
categories, which included water body, built-up e 2003 2006 2009
area, cropland, sandy area, and forest land. Waterbody - 27.46% 2401% 2917%

Built-up area 24.34% 25.59% 28.29%
The training areas and validation areas were Sandy area 8.15% 723% 6.64%
selected by comparing the images with the Cropland 27.40% 26 76% 23.41%
national land inventory. Forest land 12.65% 16.41% 1522%
Total 100% 100% 100%

E @ Table 2. Percentage of land cover types

DMGIS 2011

SPOT IMAGE CLASSIFICATION RESULT DMC IMAGE CLASSIFICATION RESULT

Original image. Result-
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QUANTITATIVE LANDSCAPE ANALYSIS SHANNON T-TEST
Four indices of landscape structure were fh?nnﬁ rld? dl'\(/r? rsllty :jndex t-tes:twas us;‘ed W
computed by using FRAGSTATS program. e_s W aner the fana-Coyer DA T
: significantly
NP (number of patches)- total number of patches in
a landscape f= (H, -H,) -
LSI (landscape shape index)- aggregation or (VarH, +Vart, )~ )
disaggregation o.f patches . . i Pi(InPi)’ _[ i Pilnpi |
AWMSI (area-weighted mean shape index)- irregular VarHi = L = oo -1

2
n 2n,

or uniform of patch shape

SHDI (Shannon’s diversity index)- proportions of

patch types in a landscape (VarH, + VarH, |

(VarH, ) In, + (VarH, )" /n, ©
LANDSCAPE ANALYSIS RESULT LANDSCAPE ANALYSIS RESULT
Land
ndex 2003 2006 2009 Time period 2003 v.s. 2006 2006 v.s. 2009
Cnu‘lpuled t 1.69 282
NP 5362 7501 4210 valug
Degree of 10822 7841
Lsl 47.758 54385 44,687 freedom
: : . Theoretical t
value (5%) a7 0y
(Y] G 26 20 Table 4. t-test of Shannon diversity index
SHDI 1519 1531 1510
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LOGISTIC REGRESSION OF SANDY AREA CHANGE RESULTS OF LOGISTIC ANALYSIS
. Predictor variables Regression Wald 2 Pr.>y?
15 factors were considered: e
elevation, slope, distance to roads, distance to Intercept 111725 45.1913 0.0001
stream, distance to embankment, distance to Elavalien L2205 AR pe
protection forest, precipitation, wind speeds of Efs‘m“’ embankment ‘;‘;‘;‘:99 :zz‘l’jj zzzzi
4 | 4 istance to stream -0. I \
all four seasons, and wind directions of all four Distance to protecton 00018 1510 00001
seasons. forest
logir( p) = log ; £ ]: By + BX, +BX, + B, Wind speed in fall 55.0056 79.8379 0.0001
F
»] n Wind speed in winter -25.2362 65.9785 0.0001
BB y-ByXye BT, Wind direction in winter -9.0171 88.2118 0.0001
= I :_ TR ®) Slope 0.2379 52.5402 0.0001
SPATIAL VALIDATION OF LOGIT MODEL CONCLUSION

Predicted probability 0.0-0.5 0.5-0.994
Percentage of sandy area in 19.9% 80.1%
2006
Percentage of sandy area in 25.1% 74.9%
2009

Table 6. The validation results

The DMC images provide much more detailed
information than the SPOT images, which can
benefit the classification process.

Integration image classification with quantitative
landscape analysis techniques has been proven a
valid method for analyzing landscape changes
Further study will incorporate more social-
economic predictor variables to improve the
accuracy of logit prediction.
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ABSTRACT

This study focuses on applying GIS technique and landscape structure analysis to
investigate the effect of urban land use on landscape change in Taipei City. The research
processes include generating 1993 and 2007 land use maps through GIS technique; analyzing
landscape change of Taipei City and its administrative districts from 1993 to 2007 based on
landscape indices and Shannon diversity t-test ; and finally investigating the effect of urban land
use on landscape change.

The result obtained from land use change and landscape index analysis indicates that Taipei
build-up area increase from 1993 to 2007 while forestland and bare soil area decrease, which
means build-up area have sprawled into other land use types. The result from Shannon diversity
t-test shows that Taipei urban sprawl from 1993 to 2007 did have significant effect on the
landscape. As for the result of land use effect on the landscape of administrative districts, only
Zhongshan District has strong significant effect. From the above results, it is concluded as
follows. (1) Integrating GIS and landscape analysis is a timely and useful tool to study the effect
of land use on landscape change. It can acquire urban land-use information of different stages
and also effectively monitor urban landscape change. (2) Taipei’s landscape is strongly affected
by urban land-use change from 1993 to 2007. Therefore, a detailed urban development model is
needed in order to achieve Taipei’s sustainable development in future.
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Analysis, Landscape Change
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