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MONITORING VEGETATION CHANGES IN URBAN AREA
USING LANDSAT TM IMAGERY?

Pemantauan Perubahan Vegetasi di Daerah Perkotaan Menggunakan
Landsat TM

I NENGAH SURATI JAYA?

ABSTRAK

Paper ini mengulas tentang manfaat data penginderaan jauh, khususnya data
Landsat TM untuk memantau dan mengumpulkan informasi tentang perubahan penutupan
lahan di areal perkotaan yang mencakup perubahan penutupan yang terjadi antara tahun
1988 dan 1992 di sebagian kota Jakarta dan sekitarnya. Tiga metode deteksi perubahan
yang diterapkan adalah :

¢ Perbandingan paska-klasifikasi (PCC)
o Kilasifikasi multiwaktu langsung (DMC)
e Komponen utama multiwaktu 6-dimensi (6-D MPC)

Hasil kajian memperlihatkan bahwa ketiga metode di atas dapat diterapkan untuk
mendeteksi perubahan penutupan lahan di daerah perkotaan dan sekitarnya. Dari ketiga
metode tersebut, meskipun metode DMC memberikan akurasi sedikit lebih tinggi daripada
metode 6-D MPC, namun metode 6-D MPC memberikan beberapa keunggulan,
diantaranya (1) perubahan vegetasi dalam luasan kecil dapat dideteksi dengan mudah
melalui evaluasi nilai-nilai “eigenvector”; (2) deteksi perubahan lahan dapat dilakukan
menggunakan beberapa band sintetis dengan jumlah band lebih sedikit dibandingkan
DMC dan merangkum perubahan-perubahan yang dikehendaki serta klasifikasi dapat
dilakukan lebih cepat.

Penerapan metode PCC dikategorikan sebagai metode yang komplek, dimana untuk
melokalisir lokasi perubahan, harus dibuat binary-mask perubahan terlebih dahulu.
Kajian ini juga menerangkan bahwa Landsat TM multiwaktu dapat digunakan untuk
mendeteksi perubahan-perubahan kecil di daerah perkotaan.

INTRODUCTION

To monitor land cover changes between short time interval by using conventional
method of terrestrial survey seems impossible. The only possible way, is by using satellite
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remote sensing which provides frequent coverage. Nowadays, existence of satellite remote
sensing data with finer spatial, shorter temporal and better spectral resolutions is very
useful for monitoring rapid changes such as in the urban area. Monitoring land cover
changes within these complex urban and suburban areas using ground survey is time
consuming and high cost. Beside composed of naturally preserved area, urban/suburban
areas are often composed of diverse land covers that artificially arranged by human in a
complex pattern to build housing, transportation systems, commercial buildings and
recreational landscapes.

At the last decade of the twentieth century, Jakarta has become a center of fast
economical growth of Indonesia. It’s unavoidable that this high economic growth has
brought its impact to land cover changes, particularly from agricultural land to settlement,
industrial/housing estate, golf course that are more economic than the other land covers.

The successful application of change detection techniques very often depends upon
land cover types and proportion of each cover type within the study site and data quality. A
method that has been identified to be appropriate for one site would not be the same for
another site.

In this study, three change detection techniques for detecting land cover changes
between short time interval within the Jakarta city and its vicinity was evaluated. The
study objectives are: (a) to evaluate the most appropriate technique for detecting changes
within urban and suburban area; and (b) to identify the types of land cover change that
could be recognized by multitemporal Landsat TM data.

MATERIALS AND METHODS
Site Description

The case study was carried out at small and rapidly changed area within the North
Jakarta Coast, including 25 hectares of Muara Angke Natural Preservation Area. This
study, which encompassed of approximately 1154.49 ha is located between 106°40°45”
and 05°54°40” East Longitude; and between 06°00°40” and 05°54°40” South Latitude.
Land cover types within the study area are settlement, housing, recreational landscape, golf
course, cottage, hotel, condominium and natural vegetation. Within the natural
preservation area, predominant tree species of mangroves are Avicenia sp., Exocaria
agalocha, Sonneratia alba and Rhizhopora mucronata (Jaya et. al., 1997).

Image and Supporting Data

In this study, three different dates of Landsat-5 TM data acquired in 1988, 1990 and
1992 were used for detecting changes between 2- and 4-year intervals. To obtain a reliable
change data/information, a set of 1:20.000 scale black-and-white photographs, topographic
map of 1:50.000, coupled with ground observation were used.
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Methods

To obtain accurate change detection map, image-to-map rectification and image-to-
image registration were performed. For automatic change detection as described in this
study, an accurate root mean square error (RMSE), of less than 0.5 pixels was obtained.
Less accurate image registration may cause change detection error. Using the
transformation equation obtained from a number of GCPs, the images were resampled by
using nearest neighbor algorithm. The resampling size was 30 m x 30 m.

In this study, three change detection techniques, namely, (1) post classification
comparison (PCC); (2) 6-dimensional multidate principal component analysis (6-D MPC)
by applying brightness and greenness concepts; and (3) direct multidate classification
(DMC) were applied. The concept behind the 6-D MPC method applied in this study is
identic to the study of Jaya and Kobayashi (1994) and (1995b), in which they applied all
twelve reflective multidate TM bands. The modification is on the number of band applied.
This study used only three multidate bands of two different dates. Three-plus-three bands
from two different were treated as a single data. The selected band to perform DMC and
MPC analyses referred to the study results of Jaya and Kobayashi (1995a) in which they
recommended to use at least one band from visible (TM band 1, 2 or 3), one band from
near-infrared (TM band 4) and the other from middle infrared (TM band 5 or 7). The
increase in biomes (vegetation cover) which is accompanied by an increase in near-
infrared and (TM band 4) and a decrease in visible band (TM 1, 2 or 3) reflectances has led
to the identification of vegetation indices that summarize vegetation changes. The study of
Abe et al. (1996) to estimate vegetation cover ratio in urban area within urban area is also
referred. Referring to our earlier studies, TM bands that used for the study are therefore
TM bands 3 (red), 4 and 5.

The PCC is the simplest change detection technique, which compares two classified
images obtained from two different dates. The accuracy of this change detection technique
is depending on the accuracy of land cover discrimination in each date. The DMC was
applied to evaluate whether the method will be more reliable than the 6-D MPC. The
results of these methods were also used as a reference to compare the effectiveness of
other change detection technique. The 6-D MPC was examined to know whether the
synthetic images created provide comparable change detection accuracy. In this method,
the eigenvectors of the new axes were evaluated to identify where the change of greenness
and brightness were summarized. The flow diagram of the study is depicted in Figure 1.

RESULT AND DISCUSSION

Post-classification Comparison (PCC)

As mentioned earlier, to compare two classified images, single date classifications
were performed. Prior to classify each single date image, feature selection using
separability analysis, i.e., Transformed Divergence was conducted. Referring to the study
results of Jaya and Kobayashi (1995) the evaluation was done using three-and four-band
combinations.
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Figure 1. Flow diagram of the study
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For image data acquired in 1988, the best separability was provided using four-band
combination of 2-3-4-5. In this classification, there is no “poor” interclass separation
found. For image data recorded in 1990 and 1992, the best results were also obtained
using four-band combinations, i.e., 1-3-4-5 and 2-3-4-7, respectively. Each combination
that had been identified to be the best combination was then used to classify the entire
image of corresponding year. The recognized classes and classification accuracy provided
using these band combinations are shown in Table 1 and 2.

The area estimates each cover type in each year is based upon pixel size of 30 m x 30
m.

Table 1. Area estimate of each cover type within the study area in 1988, 1990 and 1992

No. Cover Types 1988 1990 1992
(Ha) (Ha) (Ha)

1 Industrial area 383.9 129.2 127.8
2 Sparse mangrove 121 52.7 72.7
3 Dense Mangrove 184.5 107.4 77.9
4 Settlement/housing 216.9 418.5 376.1
5 Rice field 206.2 197.8 25
6 Shrub/bush 63.2 106.2 132
7 Fish pond 138.9 144.9 207
8 Bare land 18.4 - -
9 Grass land - 27.3 164.25

Table 2. The Overall and Kappa accuracies of classification of TM 1988, 1990 and 1992

No. Image data The best band Accuracies (%)
acquisition combination Overall Kappa
1 1988 2-3-4-5 97.76 97.37
2 1990 1-3-4-5 97.44 97.65
3 1992 2-3-4-7 91.30 89.92

Source : Jaya et.al (1997)

To localize the area where the changes took place, the classified images of 1988,
1990 and 1992 were then masked using change/no-change binary mask. These binary
masks were obtained using band rationing algorithm of band 3-4-5 (with “or” logical
operation). Accuracy of each binary mask is tabulated in Table 3.
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Table 3. Accuracy of change/no-change binary mask

No. From-to binary mask Accuracy
Overall (%) Kappa (%)
1 1988-1990 95.75 90.87
2 1988-1992 99.38 98.75
3 1990-1992 98.57 97.12

These binary masks were then applied to map the areas of undergoing change. When
the unchanged areas were masked out, the distribution and types of change between two
dates were easily recognized, and the extend of changes could be estimated. In the post-
classification comparison map, a judicious interpretation should be made. The types of
changes that appear to be impossible should be ignored.

Based upon the accuracy of classified TM 1988, 1990 and 1992, as well as the
accuracy of binary mask for each date pair, the “from-to” change detection map could be
estimated (Table 4). It was shown that the accuracies (Kappa) of change detection maps
provided using PCC method, are ranging from 87.5% to 90.1%. From this comparison, it
was found that mangrove vegetations are not underpressure between 1988 and 1990.
Proportion of mangrove vegetation only decreased slightly of about 3.1%. From 1990 to
1992, the proportion of mangrove increased from 13.5% to 20%. In this study area, there is
a change from bare land (establishment of new golf course) in 1988 to grass land
(established golf course) in 1990 & 1992. From 1988 to 1990, the settlement had
increased drastically from only 18% to 35% of the study area. In 1992, the decrease of
settlement proportion is might due to misclassification error. Along the Muara Angke
Beach, the extent of fish pond tend to increase. Field observation (Jaya et al., 1997) found
that the land use for rice field has changed become more promising use such as fish pond.
Proportion of fish pond is approximately 11.74% in 1988 and 17.5% in 1992.

Table 4. Change detection map accuracy using post classification comparison

No. From-to map Accuracy
Overall (%) Kappa (%)
1 1988-1990 95.25 95.08
2 1988-1992 89.25 87.55
3 1990-1992 88.96 87.80

Six-dimensional multitemporal principal component (6-D MPC)

As listed in Table 5 change/no-change areas are summarized in the first five
components. Stable brightness, stable greenness, delta brightness and delta greenness were
well recognized in all date pain. Stable brightness and greenness are in the first and
second MPCs, while delta brightness and greenness were found in the third and fifth
MPCs, respectively, these mean that unchanged land covers were summarized in the first
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few components. As indicated by its eigenvector, the vegetation changes will be
highlighted in delta greenness image. Delta brightness image specifically expresses
changes that are dominated by changes in water contents of land cover. Although the
variance of both delta brightness and greenness is very small, ranging from only 3% to 4%,
the summarized change information was very useful to localize where changes took place.

Table 5. Eigenvectors and eigenvalues of MPC
a) From 1988 to 1990

TM band PC1 PC2 PC3 PC4 PC5
3-88 0.230 -0.322 -0.121 0.637 0.586
4-88 0.377 0.491 -0.251 0.315 -0.494
5-88 0.583 -0.229 -0.615 -0.273 -0.010
3-90 0.213 -0.422 0.410 0.434 -0.533
4-90 0.369 0.616 0.359 0.117 0.354
5-90 0.530 -0.212 0.496 -0.467 0.066

Prop. Var. 91.10 4.26 2.59 1.34 0.47

Cumulative 91.10 95.36 97.95 99.29 99.76
Description Stable Stable Delta Stable Delta

Brightness Greenness Brightness ~ Brightness  Greenness

b) From 1988 to 1992

TM band PC1 PC2 PC3 PC4 PC5
3-88 0.253 -0.340 -0.112 0.799 0.192
4-88 0.396 0.290 -0.612 0.101 -0.555
5-88 0.611 -0.554 -0.627 -0.346 -0.269
3-92 0.138 -0.195 0.324 0.264 -0.607
4-92 0.297 0.614 0.086 0.292 0.456
5-92 0.547 0.281 0.655 -0.276 0.082

Prop. Var. 91.30 3.59 2.97 1.23 0.63

Cumulative 91.30 94.89 97.86 99.09 99.72
Description Stable Stable Delta Stable Delta

Brightness Greenness Brightness  Brightness  Greenness
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c) From 1990 to 1992

TM band PC1 PC2 PC3 PC4 PC5
3-90 0.234 -0.511 -0.176 0.693 0.085
4-90 0.407 0.517 -0.501 0.047 -0.511
5-90 0.579 -0.373 -0.399 -0.433 -0.303
3-92 0.144 -0.288 0.203 0.239 -0.634
4-92 0.312 0.499 0.136 0.483 0.481
5-92 0.571 0.281 0.707 -0.200 0.081

Prop. Var. 89.90 4.59 3.35 1.19 0.65

Cumulative 89.90 94.49 97.84 99.03 99.68
Description Stable Stable Delta Stable Delta

Brightness Greenness Brightness Brightness ~ Greenness

In the change detection map provided using 6-D MPC, land use changes are mostly
from fishpond to housing settlement located in northern side of highway of Soekarno Hatta
Airport (Pantai Indah Kapuk Real Estate). For all date pairs (1988-1990, 1988-1992 and
1990-1992), the types of change detected are: (1) change from water surface to land that
includes changes from fish pond to housing and from seashore to accumulation of garbage
along side the Jakarta coast; (2) change from settlement to vegetation including
establishment of urban forest (change from settlement to vegetation) and from bare land to
shrub/bush; and (3) change from mangrove vegetation to settlement.

Within the study area, it was found that only small changes occurred from barren land
to vegetation between 1988 and 1990. In this period, there is no significant regreenning
program implemented. However, between 1988 and 1992, a high increase of changes from
bare land to vegetation was found a long side of highway of Soekarno Hatta Airport. From
1990 to 1992, many of vegetated areas were converted to settlement

Direct multidate classification (DMC)

Based upon an accuracy analysis, the DMC provided slightly better accuracy. The
accuracies for 1988-1990, 1988-1992 and 1990-1992 date pairs provided by DMC of
multidate bands 3, 4 and 5 are 88.1%, 95.5% and 85.3%, respectively, while 6-D MPC
using stable greenness, stable brightness, delta greenness and delta brightness provides
84.1%, 94.2% and 82.6%. A little drop in accuracy provided by 6-D MPC might be due to
the loss of change information in the last new axes of MPC. As expressed by their
eigenvalues, the PC1, PC2, PC3, PC4 and PC5 summarize about 99.3% of the data
variance. However, although the multidate principal component was less accurate than
DMC, this approach shows several advantages, namely: (1) Evaluation of greenness
changes that express vegetation change can be simply identified through eigenvector value,
(2) Change detection analysis can be done using only band that identified to summarize
change of interest. For computational efficiency reason, this method may be reasonable.
In addition, although the number of band was reduced (6-D MPC), the study results show
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that the algebraic sign of eigenvector is consistent with the study of Jaya and Kobayashi
(1994 and 1995b).
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Figure 2. Proportion of each land cover in 1988, 1990 and 1992, obtained using Post-

From the study results it could be concluded that:

classification Comparison

CONCLUSION

e The three change detection techniques for detecting changes in urban and suburban
areas provide a promising results, especially for the DMC, that was considered as the
best, followed by PCC and 6-D MPC;
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e The PCC method appears to be more complicated, and therefore judious interpretation
should be made when impossible “from-to” change occurred. This irrational type of
change could not be avoided, since a perfect registration is difficult to achieve.

e Although 6-D MPC provides slightly less accurate of approximately 3% ~ 4% than the
others, this technique was recognized to be simple and effective method to detect land
cover changes and for computational efficiency 6-D MPC is reasonable enough. For a
quite diverse covers such as urban and suburban area, the 6-D MPC method give
relatively accurate results.
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