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ABSTRACT 

Needs of built land continue to increase along with population growth, regional development and 

growth, as well as development of transportation and infrastructure. Bekasi City, a city in adjacent to 

the capital of the country, has a rapid built land growth. This study aims to map built land in Bekasi 

City for the year 2010 and changes of land cover and land use during the 20-year analysis (1989-2000-

2005-2010). The results of land use interpretation of 2010 are then used to estimate the potency of 

building and land property tax revenue. The study was conducted using Landsat TM of 1989, 2000 

and 2005, as well as the image of ALOS-AVNIR 2010. The results showed that the use of land as 

residential land in Bekasi City increased very rapidly in the period of 1989-2010. In that period, there 

are an increase in residential land use and building area of 13,755.90 ha, this represent 65.4% of the 

area of Bekasi City, or at a rate of 6.54% per year. This rate is higher than the population growth rate 

which was 4.14% in the period of 1997-2007. Total residential land and building area of Bekasi City 

in 2010 was 14,879.85 ha, this represent 70.69% of the total area of Bekasi City. Realization of 

revenue receipts from formal building and land property tax is still lower than its potency. 

Theoretically it is possible to increase the government income from building and land property tax, 

with increasing intensity and admission efforts. The results obtained indicate the need for quality 

improvement in tax data base, especially the data base of land and building area, the need for more 

detailed calculations using a more detailed imagery for deriving revenue potency, and the need for 

georeferenced tax data base, in order to develop the future GIS-based monitoring tax. The results of 

this research can also be used as a historical analysis of built land area as a function of the 

development of the city. 

 

Keywords: Landsat, ALOS-AVNIR, residential land, tax revenue 

 

INTRODUCTION 

High population growth and rapid development in recent years has resulted in high dynamic 

changes of land use in most of the city. Cities have changed from small, isolated population centers to 

large, interconnected economic, physical, and environmental features (Acevedo, 2013). The city of 

Bekasi is one of the city with high dynamic change due to its position in peripheric capital city. Due to 

its rapid development (Suwarli, 2011), it is necessary to plan the future development of the city which 

consider the allocation of land use reflecting the existing condition, so that consideration of future 

development can be done with more care. 

Limited land for development and high competition in land utilization resulting in the conversion 

of urban land use to become settlements and other suburbs use. As a result, suburban areas or 

industrial estates grow, there are disorganization and un-integrated zones each other. This condition 

indicate that may be, not all of land use was located above land that is suitable and feasible 

(Hardjowigeno & Widiatmaka, 2007). In this context, this research would like to study trend of change 

in built land use. 

Furthermore, the map of built land will be used to calculate the potential tax to be gained. Taxes 

are an important component of local revenues for development financing. In modern times, land 

property is a highly priced property. It is most valued and attracts very high commercial ratings. This 
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is a result of urbanization, industrialization and the development of sophisticated agriculture in both 

private and public sector of the economy (Youngu et al., 2011). Optimization of tax revenue needs to 

be done, by planning and estimating the potency of region appropriately, so that government 

budgeting can be planned. 

One alternative strategy that can be applied in the estimation of potential tax revenue is through 

the use of remote sensing technology, that its currency development has been very rapid. Detailed 

calculations can be carried out using high-resolution imagery (Tiwari, 2013). One of the problem of 

the use of high-resolution imagery is relatively expensive. The use of satellite imagery with medium 

spatial resolution such as Landsat 7 ETM+, SPOT, ASTER or ALOS can be a workable alternative to 

cheaper cost, though of course with lower in its detail. With this technology, the up to date data of tax 

object is expected can be obtained by a relatively quick, easy and not too far from realization. 

Use of satellite imagery for data collection of property taxes in housing sector concern with 

information extraction process to determine land cover types in accordance with the data of land use. 

One of image information extraction method is using satellite image classification process (Peter, 

1988; Sabins Jr, 1987; Rajan, 1991; Ambarwulan et al., 2010). 

The purpose of this study was to map built land in Bekasi for the year of 2010 and changes of 

land use during the 20-year analysis (1991-2000-2005-2010). Land cover in year of 2010 was then 

used to estimate the revenue from building and land property taxes. 

 

MATERIAL AND METHODS 
The research was conducted in Bekasi City, West Java Province, Indonesia, which lies between 

106º55 'E and 6º7'-6º15' S. The total area of Bekasi City is 210.49 km². The city was divided into 12 

districts (Figure 1). 

 
 

Figure 1. Bekasi City and it’s districts 
 

The image used for detection of land use and land cover change is Landsat satellite image of 

1989, 2000, 2005 and ALOS PRISM/AVNIR2 of 2010. Administrative maps was obtained from 

Regional Planning Board of Bekasi City. Interpretation of land cover using Landsat and 

ALOS/AVNIR-2 was done on-screen and subsequently, field checks was conducted to validate the 

results of image interpretation. Landsat imagery used is Landsat TM, Path 122, Row 64, recording on 

March 5, 1989, 14 September 2000, and July 10, 2005, while ALOS/AVNIR-2 is the image recorded 

on September 2010. ALOS/AVNIR-2 (Advanced Land Observing Satellite/Advanced Visible and 

Near Infrared Radiometer type 2) is the image habitually used to observe land, in particular to generate 

maps of land cover and land use in monitoring changes in the environment, and have a spatial 

resolution of 10 m (JAXA, 2007). Spatial analysis of land cover data use Arc-View 3.3 program and 
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its image analyst extensions. 

Against the image of ALOS/AVNIR 2010, the interpretation of land and building settlements was 

made. The calculation of the potency of building and land property tax revenue was then done by 

using interpretation result. For the calculation of the tax, there are two value of tax, namely Selling 

Price Subject to Tax (SPST) of land and SPST of building. Taxable Selling Price (TSP) used for 

calculation, according to actual regulation is 20% (for the value of building <Rp. 1,000,000,000.-) or 

40% (for the value of building > Rp. 1,000,000,000.-) of the SPST. Single tax rate applied in Bekasi 

City is 0.5%. Selling Price Not Taxable(SPNT) was set for Bekasi City, at the time of the study was 

Rp. 8,000,000.-. The real data used for confrontation between image area and tax realization is the tax 

database of Bekasi City. 

The area of land properties and building resulting from the image interpretation was confronted 

with the real area of land properties land and building taxes from each district to get a value of 

conversion rate from image data. For this purpose, the image data was confronted with real data tax of 

Bekasi City. Tax properties was calculated using three assumptions: (i) the low assumption, using a 

lower minimum value of building and land property tax of Bekasi City, (b) medium assumption, using 

the average values, and (c) high assumption, using the highest tax revenue data. Results of these 

calculations are used as input for the Government of Bekasi City to estimate the target of future tax 

revenue. 

 

RESULTS AND DISCUSSION 
The land use of Bekasi City resulting from image interpretation is presented in Figure 2. Such 

results of satellite imagery analysis was added with information from terestrial survey and cross-

examination of thematic maps available. They give the facts of land use and land cover change during 

the period of 1989 - 2010 in Bekasi City, as presented in Table 1. 

 

 
Figure 2. Land cover and land use map of Bekasi City in the period of 1989 – 2010 

 

Pattern of Land Use and Land Cover 
The land cover of Bekasi City in 1989 is dominated by shrubs, with an area of 8,976.02 ha 

(42.64%). This land cover spread from west to southern part of Bekasi City. The other land cover 

which is also quite extensive is irrigated fields, reaching an area of 3,981.70 ha (18.92%). This land 
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cover spread in the east and south part of Bekasi City. Land use of settlement has an area of 1,157.77 

ha (5.50%). 

In 2000, land cover in Bekasi City is dominated by settlements, with an area of 10,894.64 ha 

(51.76%), they are scattered throughout the city. Other land cover which was also dominant in 2000 

was irrigated rice field, with an area of 2,099.72 ha (9.98%) spreading in east and south part of the 

city. In 2005, land cover is dominated by settlements, with an area of 12,884.19 ha (61.21%) and are 

scattered throughout the city. Furthermore, other land cover which was also dominant in 2005 was dry 

land farm with an area of 2,292.89 ha (10.89%), locally spread in east to south part of the city. In 

2009, land cover in Bekasi City is dominated by settlements, with an area of 14,879.85 ha (70.69%), 

which are scattered throughout the city. Furthermore, other land cover which was also dominant were 

dry land farm, with an area of 2,141.70 ha (10.17%), locally spread in east and south part of the city. 

 

Table 1. Land cover of Bekasi City resulting from image analysis 

No Land Cover 

1989 2000 2005 2010 

Ha % Ha % Ha % Ha % 

1 Mixed farm 1,899.49 9.02 1,898.95 9.02 2,037.88 9.68 1,740.33 8.27 

2 Barre land 1.82 0.01 1.82 0.01 209.1 0.99 315.55 1.50 

3 Grassland 1,529.85 7.27 1,529.85 7.27 2,199.31 10.45 792.12 3.76 

4 Settlements 1,157.77 5.50 10,894.64 51.76 12,884.19 61.21 14,879.85 70.69 

5 Irigated ricefield 3,981.70 18.92 2,099.72 9.98 457.54 2.17 394.15 1.87 

6 Rainfed rice fields 1,513.35 7.19 1,513.35 7.19 680.04 3.23 532.31 2.53 

7 Shrubs 8,976.02 42.64 1,121.69 5.33 177.11 0.84 128.28 0.61 

8 Dry land 1,883.25 8.95 1,883.23 8.95 2,292.89 10.89 2,141.70 10.17 

9 Watee body 105.75 0.50 105.75 0.50 110.94 0.53 124.72 0.59 

Total 21,049.00 100.00 21,049.00 100.00 21,049.00 100.00 21,049.00 100.00 

 

Land Use and Land Cover Change 
Result of analysis showed that Bekasi City have been developed and undergo a fairly rapid urban 

growth. Dynamics of land use and land cover changes is significant, especially in increasing the area 

of settlements, while the other type of land cover were reduced. In 1989, the settlements area looks 

just concentrated in the north part of the city, along the route. Then in 2000, it appeared an increase of 

the extent of land cover, which visually spread evenly throughout the city. In the subsequent period of 

imagery observation, in the period of 2000-2005 there was an increase of residential land cover area 

very rapidly compared with other observational period. Thus it can be proven empirically that during 

this period, there has been a rapid growth in the development of the region Jabodetabek (Jakarta – 

Bogor – Depok – Tangerang – Bekasi) in general, and in particular Bekasi City. This is in line with the 

various changes that occur in this country, where there has been a process of reform in 1998, followed 

by social and political change, which then also affects in the speed of regional development. The speed 

of residential groerh decrease in the period of 2005-2010. The increasing residential land cover 

directly affects the extent of non-residential land cover in this region gradually. The development of 

land cover in the long period (1989 - 2010) is presented in Figure 3. 

 

 

Figure 3. Graph of land use and land cover change of Bekasi City in the period of 1989 – 2010 
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From that figure, it can be seen that in general, there are an increase in the extent of settlement 

while vegetated area (non-residential) decreased. In 1989 and 2009, it is reflected a rapid growth of 

residential and built area within 20 years, from 1,157.77 ha in 1989 to 14,879.85 ha in 2010. 

Otherwise, there are significant decrease of irrigated ricefields, from 3,981.70 ha in 1989 to 394.15 ha 

in 2009. Change of vegetated land cover to settlement in the period of 1989 - 2009 is presented in 

Table 2. 

Similarly with paddy field, decreasing of land cover area occurs also for shrubs, from 8,976.02 ha 

in 1989 to 128.28 ha in 2009. Barre land increase, from 1.82 ha in 1989 to 315.55 ha. In Bekasi City, 

barre land is usually left for years by the housing developers and the land is prepared for construction. 

Matrix area of land cover change from 1989 to 2009 are presented in Table 3. 

 

Table 2. Change of vegetated land cover to settlement in Bekasi City in the period of 1989 - 2010 

No Land Cover 

Year 

1989-2000 2000-2005 2005-2010 

(Ha) 

1 Mixed farm 0.54 13.24 145.29 

2 Barre land - - 19.31 

3 Pasture/grassland - - 1,381.42 

4 Irigated ricefield 1,881.97 439.88 34.29 

5 Rainfed rice fields - 582.51 32.39 

6 Shrub 7,854.33 953.92 29.30 

7 Dry land farm 0.02 - 386.77 

8 Water body - - 0.73 

Total 9,736.87 1,989.55 2,029.48 

 

Table 3. Matrix of land use and land cover change in Bekasi City during 1989 to 2010 
  Land Cover 2010 

MF BL GL ST IR RR SB DL WB 

L
an

d
 C

o
v
er

 1
9
8

9
 

(Ha) 

MF 1,542.89 5.48 0.02 151.24 - - 0.01 199.78 0.07 

BL - - - 1.82 - - - - - 

GL 2.82 16.19 497.89 976.10 - - 0.33 27.92 8.60 

ST - 1.69 - 1,156.08 - - - - - 

IR 139.69 157.61 200.91 2,840.23 394.15 - 6.03 229.22 13.86 

RR 16.23 123.82 86.34 588.37 - 532.31 17.72 148.55 0.00 

SB 0.01 1.66 0.00 8,834.77 - - 104.17 33.76 1.65 

DL 38.69 9.10 6.95 330.50 - - 0.00 1,496.39 1.63 

WB 0.01 - 0.01 0.72 - - 0.00 6.08 98.92 

Note: 

MF = Mixed farm; LT = Barre land; GL = Grass land;  ST = Settlement; IR = Irrigated ricefield; RR = Rainfed 

ricefield;  SB = Shrubs;  DL = Dry Land;  WB = Water body 

 

Building and Land Property Tax 
Building and Land Property (BLP) Tax is one of a kind in the Indonesian tax imposed on land 

and/or buildings. In this research, BLP revenue potency is calculated based on the Selling Price 

Subject to Tax (SPST), it is a function of the area and the value of the tax object. In this study, 

estimation of potential tax calculation is done using ALOS AVNIR imagery of 2010. 

Based on the tax database of 2011, the number of taxpayers in Bekasi City are amounted to 

566,914 people. The amount of tax paid in 2011 was Rp. 140,807,445,962, -, spread over 12 districts 

in the Bekasi City. Of the 12 districts, district of South Bekasi give the biggest tax contribution, 

amounting to Rp. 17,211,156,808.- with the number of taxpayers 45,547 people. Districts with the 

least taxpayers are district of Pondok Melati, with taxpayers of 32,080 people, with the total tax 

revenue which is also smallest, amounting to Rp. 8,010,706,939.-. Based on tax database of Bekasi 

City, it is known that the area of land subject to tax is amounted to 217,073,342 m2, while the area of 

the building subject to tax is 26,688,643 m
2
. 

Based on ALOS image analysis, the area of land subject to tax in Bekasi City was 210,490,000. 

Thus, there is a difference between the tax data base of Bekasi City with the data resulting from image 

interpretation. This is because certain tax object was relatively small, which were not detected in the 
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image analysis. For that reason, we make a sampling in some districts to determine the number of 

alleged conversion of image analysis results against the actual area on government’s tax data base. 

Sampling in 12 districts, resulting in a conversion rate value of 0.821 of a broad Bekasi administration. 

Similarly, for building, the conversion rate of 0.614 was obtained from delineated settlement area. 

From these values, the scenario were prepared for the calculation of building and land property 

tax (Table 4). In the scenario I-a, the calculation use the SPST with minimum value, amounting to 

Rp.534,679. -/m
2
 for land and Rp 776,218. -/m

2
 for building, these values are based on the average 

price of the tax data base of Bekasi City Government. On the assumption I-b, a moderate value were 

used, i.e. Rp. 750,000,-/m2 for land and Rp 750.000, -/m2 for building, which are based on the tax 

database of Bekasi City. In both scenarios, the area of land and buildings was acquired from image 

delineation, converted with terrestrial survey. In the second scenario (II-a and II-b), the amount of land 

and building taxes are same as used the scenarios I-a and I-b, but the area of land subject to tax is 

calculated based on a real tax data base of Bekasi City. Detailed scenario calculations are presented in 

Table 4. 

Calculation results of each scenario, by directly combining land tax and building tax, compared 

with the real revenue from property taxes in 2011 are presented in Table 5. From this table, it is shown 

that in fact, for the government of Bekasi City, there is still the potency for increasing revenue from 

tax. Even with the most minimal scenario, the potency for increasing revenue reached 33.12%. This 

fact suggests that in the future, the intensification of tax collection is still very possible. 

 

Table 4. Scenario and calculations base of land and building tax of Bekasi City 

Scenario Selling Price Subject to Tax Land Property Area Building Property Area 

Scenario I-a Land = Rp. 534,679.-/m2 

Building = Rp. 776,218.-/m2 

0.821 x administrative 

area 

0.614 x area of settlement 

delineated in image 

Scenario I-b Land = Rp. 750,000.-/m2 

Building = Rp. 750,000.-/m2 

0.821 x administrative 

area 

0.614 x area of settlement 

delineated in image 

Scenario II-a Land = Rp. 534,679.-/m2 

Building = Rp. 776,218.-/m2 

SPPT Database of 

Bekasi City 

0.614 x area of settlement 

delineated in image 

Scenario II-b Land = Rp. 750,000.-/m2 

Building = Rp. 750,000.-/m2 

SPPT Database of 

Bekasi City 

0.614 x area of settlement 

delineated in image 

 

Table 5. Building and land property calculated from image analysis, compared to real tax 

revenue in Bekasi City 

 

Nevertheless, it should be reminded also that there are a certain generalization in the 

interpretation using medium-resolution images that can lead to over-estimation in the calculation of 

the property tax. In the use of medium-resolution images, the magnitude of the risk of inconsistency in 

the delineation of land and building coverage were relatively big. Description of the difference in 

accuracy using medium resolution imagery and high-resolution imagery is presented in Figure 4. By 

considering this fact, the results of calculations using medium resolution imagery still need to be 

addressed with certain caution. 

 

No 

Calculation 

based on 

scenario 

Result of land and 

building tax 

calculation 

(Rp) 

Tax revenur according to 

database of Bekasi City 

(Rp) 

Potency of Increasing Revenue 

from Tax Revenue Actual 

Rp %  

1 I-a 155,031,212,283.-  116,460,601,089.-  38,570,611,194.-  33.12  

2 I-b 181,060,103,542.-  116,460,601,089.-  64,599,502,453.-  55.47  

3 II-a 188,948,826,750.-  116,460,601,089.-  72,488,225,661.-  62.24  

4 II-b 225,459,833,250.-  116,460,601,089.-  108,999,232,161.-  93.59  
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(a)     (b) 

Figure 4. Difference of delineation of land and building area from different image resolution: a. 

ALOS-AVNIR, and b. IKONOS 
 

CONCLUSION 
Residential land use of Bekasi City increased very rapidly in the period (1989-2010). In the 

period 1989 - 2010, an increase in residential land use and building area atteint 13,755.90 ha, represent 

65.4% of the area of Bekasi City, or at a rate of 6.54% per year. This rate is higher than the population 

growth rate of 4.14%, according to the statistical data of 1997-2007 (BPS, 2008). According to image 

calculation, total residential land and building area of Bekasi City in 2010 was 14,879.85 ha, this was 

70.69% of the total area of Bekasi City. 

Results of property tax calculation using imagery shows that the revenue receipts of PBB is still 

lower than its potency as calculated from the image. According to the worst scenario of estimation, the 

increase of revenue for local government of Bekasi City can atteint 33% from actual revenue, while 

according to optimist scenario, the increase can atteint 93%. 

Theoretically it is possible to increase the income of the built and land property tax with 

increasing intensity and admission efforts. The results obtained indicate the need for quality 

improvement in tax data base, especially the data base of land and building area, the need for more 

detailed calculations using a more detailed imagery for deriving revenue potency, and the need for 

georeferenced tax data base, in order to develop the future GIS-based monitoring tax. The results of 

this research can also be used as a historical analysis of built land area as a function of the 

development of the city. 
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