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Abstract—DLand use change is one of the problems that need
to be considered in city development. As buffer cities for
Jukarta, the Bekasi, Bogor, Depok, and Tangerang areas need
to observe the land use change by its subdistrict as a result of
residential and industrial development for the city of Jakarta.
The goverments need to watch the land use change to
impervious area by subdistrict governments need to watch for
land-use change to impervious land by sub-district to
maintain the minimum standard of non-impervious land. In
michine learning, regression could be wsed to classify land
into impervious or non-impervious land. One of the examples
of regression is Least Absolute Shrinkage and Selection
Operator (LASS0). This study aims to rank aland use change
by subdistrict area in Jakarta's buffer citics using Landsat 7
aud Landsat 8 imageries. As a result, the highest land use
change from 2017 to 2020 occurred in Bogor City (27.03% of
its area) while the highest land use change t impervious in
subdistrict happened in Tajur Halang subdistrict (50.69% of
ils area)

Keywords— Classification, Land Use Change, Landsat
lmagery, Radiometric Correction, Remote Sensing

. INTRODUCTION

Impervious surface is a surface area that are covered by
w ater-resistant materials such as concrete. iron, glass, and
plastic while non-impervious surface is a surface area that
have not undergone land cover substance and it can absorb
water such as forest, plantation, farm, green open space,
savanna, and garden [1] According to Badan Standarisasi
Nasional, impervious area is an area that has undergone a
natural or semi-natural of land cover substance which is an
artificial cover that is usually waterproof and relatively
permanent[2] As the capital city. Jakarta carries out all
political. industrial. economic. and social activities so it
makes people want to live in Jakarta. Jakarta also
undertakes the city development by taking the green
surface for the industrial and residential areas. It also
alfects the surrounding arcas such as Bekasi, Bogor.
Depok, and Tangerang

Urbanization is the process through which cities grow,
and higher percentages of the population comes o live in
the city[3] According to Badan Pusat Statistik in
Indonesian Population Census, in 2003, around 8839 247
people lived in Jakarta. In 2010 Jakarta has 9,607,787 and
in 2015 it has 10,154,134 people.[4][5][6] The population
continues to increase from year o year due to urbanization.
As a result, Jakarta cannot accommodate for urbanization
people and Jakarta needs w expand city development o
surrounding area. Bekasi, Bogor, Depok, and Tangerang
are areas around Jakarta that are used as Jakarta's
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expanding area or known as buff'er cities. Land use change
is an increase in land use from one use to another in
accordance with a reduction in the type of land use over
time. or a change in land use within a certain period of
time[7] Jakarta's city development turned non impervious
area in its satelitte cities into industrial and resident areas
or known a impervious area. Population density causes
several problems, including food availability, green area
availability, facilities and infrastructure availability, and
environmental damage. Environmental damage that has
occurred includes landslides, floods, clean water crises.
drought and global elimination[8] Based on Law Number
26 Year 2007 Article 29 concerning Spatial Planning,
Cities are required to provide and use Green Open Space
with an arca proportion of at least 30% of the city's area.[9]
The purpose of this stdy is w find out the proportion of
impervious land within every district in Jakarta's buffer
cities and rank the impervious land in the regency/city. The
data can be use for every district government to evaluate
their urban planning or improving green space area and for
city/regency government to coordinate within district to
solve the ideal urban planning.

In this paper. the land is classified into three classes,
namely green land, partial green land. and impervious land
based on normalized dif ference vegetation index. After that
analyzing the impervious land among the district and sub-
district areas. Also analyzing the land use change from one
use o another within a cerlain period of time in district and
sub-district areas. After unalyzing the impervious land.
This paper also ranking the land use change from green or
partial green area to impervious area and also analyzing
that have the more impervious land.

1. Methods

A. Least Absolute Shrinkage and Selection
(LASSO ) Regression

Operalor

LASSO is a linear regression method by shrinking the
regression cocfficients of the predictor variables whose
values are displayed with errors. This particular type of
regression is well-suited for models showing high levels of
muticollinearity or when you want 1o automate certain
parts of model selection. like variable selection/parameter
elimination.[10] The existence of outliers in multiple linear
regression is a problem because outliers can cause the
formation of a regression parameter model to be less
accurate. In overcoming this problem, statisticians try to
find alternative estimates ol other parameters that are better
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al overcoming outliers. One of the methods suggested in
multiple linear regression is Least Absolute Shrinkage and
Selection Operator with Least Angle Regression (LASSO
LARS). The LASSO estimator is defined as follows:

" & 3 -
A4S0 = argmin [Z I(J’(—ﬂo'z,ﬂl Xu) l+2 ZIF”JI
= =t

Where:

Y = dependent vector

X = independent variable

£ = constant

n -~ number of ohservations

p — number of independent variabel
A~ the amount of shrinkage.

In general, the algorithm for applying the LASSO
L. ARS Regression can be summarized into the steps
below:
I, First the data centering and rescalling process is
carried out, then look for a vector that is proportional

to the correlation vector between the predictor
variables with the error.
C=X"(y- i

2 Determine the greatest absolute moment correlation

with the following equation
€ = max{|§[}

3 Determine X A with set A as the set of active indices
that belong o the predictor variable {1, 2, 3, ... m}
which is determined trom the largest absolute
correlation value with the formula:

Xa={.sX .}ijea

4 Calculating the value of the equiangular vector. the
equiangular vector is a vector that divides the angles
of the XA columns into equal sizes with angles less
than 90" The equiangular vector value can be found
using a formula

Ua = X0, while wy = 4,671,
5. Calculate the product vector
a= X'u,
6 Calculating fi, with i,y = [y + FUua
P o=mmje e {—.C—-—-—c" .—.C = }
A-a A+ g
7 Repeating the steps from the beginning for each

variable selection so that all predictor variables have
been selected

mr'n;'E 4 indicates that the value chosen is a positive
minimum value of j which is not the set of A In the tinal
c-v'r|

stage, the valoe ¥ using § = -
™

B lLearning Process and Model Evaluarion

!IE method used in building in this application is
Least Absolute Shrinkage and Selection Operator with
:ast Angle Regression is a multiple linear regression that
suitable to be applied to calculation of equation model
when data held have outliers and eliminating variable that
held errors. This application requires input data in form of
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Landsat 7 and Landsat 8 imageris for the Jakarta's buffer
cities areas. Landsal 7 imagery requires preprocessing in
the form of Landsat gap lill and dark subtraction while
l.andsat & imagery only needs preprocessing dark
subtraclion. Landsats imagery that will be used on the
system can be downloaded on the United States Geological
Survey (USGS) Larth Explorer webpage
(https://earthexplorerusgs gov/). The Landsat Imageries
requires two intersection liles with map position 122064
.d 122065. Bekasi, Bogor, Depok, and Tangerang areas
will be used as a case study in the making of the application
program to detect the land use change. Thefhap that is used
as data in land use change detection are band blue, band
green, band red, band near infrared radiation (NIR), band
shortwave infrared radiation [SWIR.I and band SWIR-2.
Band blue. red, green represent a RGB imagesfiihat are
easily capiured by human eyes. Band NIR uses W detect
vegetation density when combined with band red or known
as NDVL Band SWIR-1 and SWIR-2 use to detect
vegelation using atmospheric penetration when combined
with band red.

This study is based on previous research from
Herwindiati @ al., “Ilmpervious Surface Mapping Using
Robust Depth Minimum Vector Variance Regression.”
[11], and “Gradient Boosting Tree for Land Use Change
Detection Using Landsat 7 and 8 Imageries: A Case Study
of Bogor Area as Water Butfer Zone of Jakarta” Landsat
imageries.” [12]

The model is trained using training data that has been
labeled into each class. The classes are green land, partial
green land, and impervious land. The program will
calculate the average NDVI score for each class. The
NDVI score will be used as variable estimator. NOVI
values range between -1 1o I The value -1 indicates that
the area is an impervious land, while the value | indicates
that the area is green land. NDVI value will be calculated
as follows.

— (VIR — Red)

" (NIR + Red)
where:
NIR = band 5 of Landsat 8 imagery
Red= band 4 of Landsat 8 imagery

After that Lr. model will be trained using landsat
imageries on the band blue, band green, band red, band
NIR, band SWIR-I and band SWIR-2 as its parameters.
After the models are formed, then an evaluation of the
model is carried out by selecting the model with the
smallest mean square error and seeing the best model's
precision and recall score using confusion matrix. Based on
the LASSO LARS algoribm as example, impervinis
estimator variable models that have been made can be seen
in the following tables dan figures:

Table I Estimator of the LASSO coellicient for Impervious
Land Class Landsat 8

Siep Xl X2 5] he) b Xb
0 0 [ i i i i

1 -0 2035 1] 1] 0 0 0

2 -1.1839 ] 1] 09803 0 0

B -01303 1] -4 1748 | 41097 0 1]

4 -01369 1] -4 22580 | 41801 0 -0 0115
-] -0.1437 1] -42250 | 4.1917 -0.0184 0
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6 | -0194l 0 03 [ 42573 [ 00509 | 0 |
T | -02002 | 00200 | 42323 | 42577 | 004w | 0 |
§ | -05081 | 10638 | -50500 | 44680 | -05826 | 04309 |

In the table I, LASSO LARS algoritm estimated for
every coefficent that used in the model and stop when the
algortim has found the best model based on the smallest
mean square error that can be seen in Figure | for the
Landsat 7 data and Figure 2 for the Landsat 8 data.
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Fizure 2 Graph of Lambda Value with Mean Sguare Error
Score Landsat 8

The best models that were formed were 6 models, the
models are Landsat 7 Green Model, Landsat 7 Partial
Greeb Model. Landsat 7 Impervious Model. Landsat 8
Green Model, Landsat 8 Partial Green Model, and Landsat
8 Impervous Model. The best model alpha and MSE score
fur Landsat 8 data can be seen on Table 2. Those models
will be used on testing data to calcute the accuracy and Fl-
Score. The classification is done by selecting the class that
has the smallest ditference between model score and
estimator variable (NDVI) from each class. The accuracy
cian be calculate using confusion matrix that can be seen in
figure 3

Tuble 2 The Best model selection of LASS0 Regression
on Landsat 8

No Class Coeficient Vanables Alpha MSE )
| Green 070391 11131

Land 020172 01503 |

00247 0036 ¢

()
I

RX 1+ 0X 2 | 0.01347 0.034
— 16343 X 3
+ 120519 X 4
— 0.07644 X 5
+ 0X 6 |
7 Pa rtial OX1 +0X2 705902 | 07980
Green — 1.39826 X 3 031443 03286
Land + 1.19862X _4 { 002173 00353
+0X 5 0.01762 0.0349
— 0.00683 X 6 :
3 Impervious —050811X 1 031532 03303
Land + 106377 X2 0.1117% 0068
— 5.05998 X 3 007833 00507
+ 4.46887 X_4 000348 00345
—-058264X 5  [000186 | 00345
+043098X6 00076 | 0034
| 000063 00337
1 00006l 00337
| 1. 0.0334

From Table 2, the LASSO LARS algorithm removes
the blue, green, and SWIR-2 band from Landsat 8 green
land model and remove the blue and green band from
Landsat 8 partial green land model. Those variables are
eliminated because they hold error for the model.
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Figure 3 Contusion Matrix LASS0O Regression on
Landsat 7

From the confusion matrix above, the diagonal part
shows the accuracy between the predictions and the actual
conditions. while other areas on the same line indicate the
prediction error of the acwal conditions. As a result, the
average accuracv of Landsat 7 models is 77.52% and
average accuracy of Landsat 8 models is 81.14%. The
average accuracy and Fl-Score can be seen on Table 3.
Table 3 Awecrage Accuracy
Landsat 7 and Landsat 8

and Average Fl-Score on

| Average Accuracy(%) | Average Fl-Score(%)
G PG 1 G | PG I
Landgsat 7 | 7731 | 672 946 7771 16933 J9L.21
Landsat 8 | 773 [ 30,67 [ 9347 [ 7266 |39.37 | 8452
Where:
G = Green

PG = Partial Green
| = lmpervious
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I Result and Disccusion

Testing .‘ilh three classes (green, partial green
inpervious) will use testing data for the Greater Jakaria
area in the 2008, 2011, 2014, 2017 and 2020. In image
dotection using Landsat 7 and Landsat 8 imageries, the
resolution of each pixel represents 30m x JUnd;c original
arca. Every one-pixel imagery will represent 0.0009 km?
The result of calculation land area based on each district in

2008, 2011, 2014, 2017 and 2020 with observation of 3
classes can be seen in Figure 4.
Calculation of Land Area in 3 Classes in 2020
- :] l ]

Figure 4 Calculation of Land Area in 3 Classes in 2020

Based on the calculation of land use change, ranking of

lund changes from green and partial green 1o impervious
will be carried out w observe the biggest land changes in
subdistrict areas. An example of land use changes ranking
that occurred in Depok City from 2014 to 2017 can be seen
on Figure 5.

Land Use Change Ranking in Depok City from 2014 to 2017
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I'igure 5. Land Use Change Ranking in Depok City from
2014 w© 2017

Based on Figure 5, Cinere district has the highest land
use change that happened between 2014 to 2017. The land
use changes ranking that occurred between Regency/City
can be seen on Figure 6

LAND USE CHANGE PERCENTAGE IN IAKARTA'5 BUFFER
CITIES FROM 201LAT0 2017

\

Figure 6 Land Use Change Percentage in Jakarta's Buffer
Cities from 2014 10 2017

Based on Figure 6. Bogor city has the highest land-use
change that happened between 2014 w 2017 which is
27.03% of ils area. Based on the calculation of land area,
an analysis of land changes is carried out from year to year.
An example of the land use change mapping in the
Cilodong sub-district from: 2008 1o 2020 can be seen in
Figure 7 and Table 4 and the land use change to impervious
land mapping in the Depok City can be seen on Figure 8.

 eea——
[ JS——
PU—
[ ——
| R Se—
PR

i ot Charges

Figure 7. Land Use Change Mapping in Cilodong
Subdistrict, Depok Ciry from 2008 1o 2020

Table 4, Calculation of Land Use Change in Cilodong Subdistrict, Depok City

First | Lasl Land Use Change Arca (km-! Land Usc Change Percentage(%) |
war | Year |GioPG | Glol | PGtoG [PGlol (1w G lwPG | GioPG | Gtol |PGioG [PGw ] |1toG |
| 2008 | 2011 | 10755 01944 0.2745 20600 | 00099 | 08910 648 | .17 1.65 12 .41 0.06
:_JUUE 2014 | 06993 02628 | 12744 1.3212 | 01440 20646 421 |58 767 796 087
__BUUB 2017 | 07938 0.2691 | 10782 19782 | 01584 14562 478 162 649 1191 (.95
2008 | 2020 | 04617 0.9324 | 08280 47682 | 0.1719 L09s2 278 562 499 28.72 104
_JUIl 2014 [ 02151 00774 | 13455 12528 | 01062 19449 1.30 0.47 8.10 754 064 |
._BUlI 2017 | 01305 0.5112 | L0494 4.2516 | 01836 15003 0.79 3.08 6.32 2560 111 |
rEt}I[ 2020 | 0.1701 0.0927 | 1.6029 08883 | 01017 2.5375 1.02 0.56 9.65 515 0.61 '
2014 | 2017 | 0.5193 11178 | 0.6642 47025 101224 06408 3.13 6.73 4.00 2832 074 |
2014 | 2020 | 07884 00774 | 05076 18351 | 00756 0.5796 4.75 0.47 306 1103 046
:2[][? 2020 | 03375 0.9882 0.7308 37503 | 0.0270 09117 203 595 4.40 2259 016 |
Where:
G = Green

PG = Partial Green
| = Impervious
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IFigure 8. The Land Use Changes to Impervious Land of
Tapos Subdistrict in Depok City from 2014 to 2017

Based on the calculation of land classification in 2020, it

can be colcluded that the amount of green spaces area on
eich regency/city can be seen in Figure 9

Percentage ol green spaces area

I I 36 45

Figure 9 Percentage of Land Use Change each
Regency/City in 2020

As a summary. the calculation of land area every 3 vears
that happened in each Regency/City can be seen on Table
5 and the mapping of land classitication in the Jakarta's
buffer city can be seen on Figure 10

JAKARTA &5 BEK

Figure 10 The mapping of land classitication in the
Jakarta's buffer city in 2017
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Table 5. Calculation of Land Area for 3 Classes Each

Regency/City I'rom 2008 to 2020
[ No District Year Green Partal | Impervious
(km*) Green (km*)
| (km?) |
| 1 Bekasi JU_US___ 719486 | 30100m 8042643
Regency 2011 3174849 3595714 |
| 30112375523 | 5102881 | 533761 ]
| 2017 | 1588329 | 5164848 | 35958990
2020 | 2384128 | 4113162 | 6314877
= Bekasi 2008 | 104175 631260 192 8453
City 2011 118890 65 0241 139 4757
3014 | 130518 487944 154 5496
2017 19620 513640 163 628
020 | 70333 544635 | 144 8910
73 | Bogor | 2008 | 16484157 | | 3949227 |
| Regency | 2001 | /827 4338 | 8953299 | 2751399
| 2013 | 17238456 | 9262242 | 3478347
3017 | 16744968 | 10113390 | 3120696
2020 | 13374220 | 10165077 | 5935748
4 Bog or 008 | 161793 511874 | 4352349 |
| Cry  [3011 | 387054 55 7055 191907
| (3014 | 232731 473499 | 420786
2017 | 237015 457488 441513
3020 | 13.4541 37 9513 721962
I~ 5 | Depok | 2008 147825 98 7471 88 2639
I Ciy  [200 0673 920070 08 7192
2014 | 323215 053658 739033
(2017 | 298089 831204 898633
[ 2020 | 219573 | 353140 | 1243003 |
[T6 | Tangerang | 2008 | 1093462 | 4477716 | 4727979
| Regency (2011 | 783383 408 3514 | 5234058
2014 | 2353867 | 4884588 | 3060720
3017 | 167 0103 | 4734774 | 3806298
3020 | 314 9163 | 3679963 | 3472047
1 Tangerang | 3008 92718 301473 143 1864
| Cry  [2001 | 35395 | 453310 | 1317006 |
2014 | 44280 | 328336 145 3185
(3007 |~ 91863 | 473353 1260639
3020 | 86049 | 44585 1294191
g South 7008 T0645 51734 108.7236
Tangerang [ 2011 73530 599066 80621
Ciy 2014 | 1235748 58 6521 532948
2017 | 140499 396459 1118159
[ 2030 | 60597 59 9435 895185

V. Conclusion

Based on the testing dula. the LASSO LARS model can
classifv land into three classes with average accuracy
8114% on Landsat 7 imagery and 77.52% on Landsat §
imagery with Fl-Score for each class are 93.63% on green
land, 6749% on partial green land, and 81.99% on
impervious land. Bused on data classification, the higgest
impervious land is occurred in Tangerang City that has
78.41% urea that classified us impervious land with the
biggest | use changes happened in Neglasari subdistrict
17.51%. ¥rcentage of the amount of impervious land and
non-impervious land every 3 years experiences fluctuating
changes. Within the Jakama's buffer cities, Bekasi
Regency, Bogor City, Bogor Regency, Depok City, and
Tangerang City have the numbers of impervious land has
increase in 2020 while Bekasi City, Tangerang Regency,
und South Tangerang City have the number of impervious
land increase in 2017. The following are the land mapping
in Tangerang City in 2020 and its comparison with ground
truth imageries with Google Earth can be seen in Figure 11.
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Figure 11. Comparison of Land Mapping and Ground
Truth Imagery on Tangerang City in 2020

According to Table 5, Bekasi City and Tangerang City
need o increase their green space areas by looking at the
subdistrict that have most impervious land, so it will
increase the green space area so they can achieve the
minimum standart that written on Law Number 26 Year
2007.
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