
          https://doi.org/10.30598/barekengvol16iss2pp597–606 

 

June 2022     Volume 16 Issue 2 Page 597–606 

P-ISSN: 1978-7227   E-ISSN: 2615-3017 

 

BAREKENG: Jurnal Ilmu Matematika dan Terapan 

   

 

597 
       https://ojs3.unpatti.ac.id/index.php/barekeng/     barekeng.math@yahoo.com  

CALCULATION OF CENTRAL JAVA PROVINCE REGION 

AREA USING SHOELACE FORMULA BASED ON THE GADM 

DATABASE 
 
 Adi Setiawan1*, Eko Sediyono2, Tundjung Mahatma3  

 
1,2 Department of Mathematics, Faculty of Science and Mathematics, Universitas Kristen Satya Wacana 

3 Faculty of Information Technology, Universitas Kristen Satya Wacana 

Diponegoro St. No.52-60, Salatiga, 50711, Indonesia 

Corresponding author’s e-mail: ¹* adi.setiawan@uksw.edu 

 

 
Abstract. This study proposes the use of the shoelace formula to determine the area of the regencies and towns/cities 

in the province of Central Java, which is based on the boundaries of the cities, regencies, (sub-) districts, and villages 

using the database from the GADM (Global Administrative Area). The results obtained are then compared with the 

Karney polygon method. With the shoelace formula, the area of Central Java province is 34365.40 km2 (4.77% wider 

than the reference area), while the Karney polygon method yields 34379.48 km2 (4.81% wider than the reference 

area). The area calculated using the boundaries of sub-districts is closer to the reference area if compared to using 

the boundaries of the regencies/cities and of villages. MdAPE values of 6.46 % and 6.54 % are obtained using the 

shoelace formula and the Karney polygon method respectively. 

Keywords: Global Administrative Areas (GADM), MdAPE (Median Absolute Percentage Error), Shoelace Formula, 

Universal Transverse Mercator (UTM),  
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1. INTRODUCTION 

Genome-wide Various methods may be applied to determine the area on earth's surface, including the 

circular approach method [1], the rectangular method [2], the spherical quadratic approach method [3] and 

the polygon method proposed by Karney [4], [5]. The Karney polygon method is considered good for the 

purpose but is not an easy method to understand, while the circular approach method is a method that is easy 

to understand but gives unsatisfactory results. 

Data available in a database is usually raw that needs analysis in order to obtain information that is 

crucial in decision making. Furthermore, considering the large size of data in the database, a special method 

is required for a reliable and fast data analysis. The GADM (Global Administrative Area) provides boundary 

coordinate data for each region (state, province, city, district, sub-district and village) in countries around the 

world. See [6] for further information on GADM.  

The shoelace formula is widely used to determine the area of a polygon in a flat plane [7], [8], and [9]. 

On the other hand, the Universal Transverse Mercator (UTM) coordinate system is used to convert a curved 

geographic coordinate system (i.e. latitude-longitude) into a coordinate system on a flat plane, as such that 

the Euclidean distance and the shoelace formula can be applied [10], [11], and [12]. 

This paper proposes a shoelace formula based on the UTM coordinate system to determine the area of 

regencies and cities in Central Java based on the coordinates of the boundaries of  the regencies, cities, 

districts, sub-districts, and villages. The results obtained are then compared to the ones using Karney polygon 

method, to determine the accuracy of the calculations. The boundaries are obtained from the GADM database. 

 

 

2. RESEARCH METHODS 

Discussed in this section are the latitude-longitude coordinate system, the UTM coordinate system, 

shoelace formula and its application in determining the area of a region. 

The location of a point on the earth's surface can be expressed in a geographic coordinate system, 

namely the latitude and longitude coordinates. As an example, the office of Faculty of Science and 

Mathematics – Universitas Kristen Satya Wacana is at 7.319249o South latitude and 110.500090o East 

longitude. The latitude-longitude coordinates may also be expressed as 7o 19’ 9.30” S and 110o 30’ 0.324” E. 

As a convention the 7.319249o South latitude may be expressed as -7.319249o to denote the location is south 

of the equator, for locations that are north of the equator, the latitude coordinates are positive. Similarly, the 

110.500090o East longitude may be expressed as +110.500090o denoting the location on the East longitude, 

while locations on the West longitude have negative coordinates. A coordinate of latitude and longitude gives 

exactly one point on the earth's surface that fulfils these properties. 

For example, a point on the surface of the earth is at (, ) coordinates,  being the latitude coordinate 

and  the longitude coordinate. The method commonly used to convert the geographic (latitude-longitude) 

coordinate system to the UTM coordinate system is proposed by [10]. Another method for converting 

latitude-longitude coordinates to UTM coordinates uses the following steps [11]: 

 

a = 6378137 (semi-major axis), 

b = 6356752.314245 (semi-minor axis),  

k0 = 0.9996, 

f =(a-b)/a, (1) 
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where 0 is the reference longitude coordinates as such that the Easting coordinate is 
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and the Northing coordinate is 
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In this case, 0 = [/6]*6 + 3 where [x] means the largest integer that is less than or equal to x. Here E0 

= 500000 and N0 = 10000000 if the latitude < 0 for locations which is south of the equator, and N0 = 0 if the 

latitude > 0 for locations that are north of the equator. Measurements are in meters. 

Using the method, the geographical coordinates of A (-8.357345; 116.081812) may be expressed using 

the UTM coordinate system to get  

A= 6367449.1458234154, 

1= 0.0008377318, 

t = -0.1459231072, 

 = -0.1449187502, 

 = -0.0158581127, 

and to obtain Easting = x = 398902.32 and Northing = y = 9076079.01, and the location of the point which is 

in the zone of 50 L. For more information about UTM, see paper [13].  

To determine the area of a polygon shape on a flat plane with known coordinates of the vertices, the 

shoelace formula is used. This formula is used in the UTM coordinate system, and the following gives an 

idea of how it is used. 

Suppose a triangle ABC has the coordinates A (x1, y1), B (x2, y2) dan C (x3, y3). To find the area of 

triangle ABC using the shoelace formula: 

 

AABC = 0.5 | x1 y2 – x2 y1 + x2 y3 – x3 y2 + x3 y1 – x1 y3 |  

          = 0.5 | (x1 y2 + x2 y3 + x3 y1) – (x2 y1 + x3 y2 + x1 y3) |.    (12) 

 

where | x | is the absolute value of x. The formula can be extended to find the area of a rectangle ABCD. 

Suppose a square ABCD has the coordinates A (x1, y1), B (x2, y2), C (x3, y3) and D (x4, y4). Using the shoelace 

formula to find the area of rectangle ABCD: 
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AABCD = 0.5 | x1 y2 – x2 y1 + x2 y3 – x3 y2 + x3 y4 – x4 y3 +   x4 y1 – x1 y4 | 

          = 0.5 | (x1 y2 + x2 y3 + x3 y4 +   x4 y1) – (x2 y1 + x3 y2 + x4 y3 + x1 y4) |.    (13) 

 

Generally, suppose an n-side polygon has the coordinates A1 (x1, y1), A2 (x2, y2), A3 (x3, y3), …, and An 

(xn, yn), then using the shoelace formula to find the area: 

 

An-sides poligon = 0.5 | x1 y2 – x2 y1 + x2 y3 – x3 y2 + x3 y4 – x4 y3 + … + xn-1 yn – xn yn-1 + xn y1 – x1 yn |  

   = 0.5 | (x1 y2 + x2 y3 + x3 y4 + …. +  xn-1 yn + xn y1) – (x2 y1 + x3 y2 + x4 y3 + … + xn yn-1 + x1 yn) |.(14) 

 

Consider the data of latitude and longitude coordinates of an island boundaries, the Gili Air island, 

obtained through Google Maps [1]. To obtain representative data, one center point was selected and 8 points 

were taken in accordance with the points of the compass. Based on this data, the area of the island will be 

determined using the shoelace formula and the Karney polygon method. Table 1 shows the eight coordinates 

and one center point used to find the area of the island, and Figure 1 represent the map of Gili Air island with 

points that are used to calculate the area of the island. Based on the shoelace formula and UTM coordinate 

(Easting dan Northing) system, we get: 

𝐴 =  (
1

2
) | 398902.31 × 9076842.06 − 9076079.01 × 398957.25 + 398957.25 × 9076484.05 

−  9076842.06 ×  398957.25 +  399440.07 ×  9076103.98 
−  9076484.05 ×  399511.86 +  399511.86 ×  9075479.63 
−  9076103.98 ×  399522.78 +  399522.78 ×  9075374.94 
−  9075479.63 ×  398913.32 +  398913.32 ×  9075542.55 
−  9075374.94 ×  398341.21 +  398341.21 ×  9076091.37 
−  9075542.55 ×  398136.65 +  398136.65 ×  9076524.04 
−  9076091.37 ×  398475.90 +  398475.90 ×  9076079.01 
−  9076524.04 ×  398902.31 | =  (1/2) |    |  − 2936565.3833 |  =  1468283. 

That is in m2, so is equal to 146.8283 hectare (ha). The real area as officially recorded is 175 ha., so 

the calculated result is 16,10% narrower. This is due to the lack of area boundary points used in the calculation 

of area. The more points used to calculate the area, the closer the result to the actual area is. Using the same 

data, the Karney polygon method yields an area of 146.91 ha., or 16.05% smaller than the reference area. 

Based on the GADM data, on the other hand, applying the shoelace formula and the Karney polygon method 

yields an area of 179.2 ha. (2,30% larger than the reference area), and 179.11 ha. (2.35% larger than the 

reference area). 

 
Figure 1.  The Gili Air island with the points for the area calculation. 
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Table 1.  The latitude and longitude coordinates of the Gili Air island. 

No. Directions Latitude Coordinates Longitude Coordinates Easting Northing 

0 Center -8.357345 116.081812 398902.32 9076079.01 

1 North -8.350445 116.082327 398957.25 9076842.06 

2 North East -8.353693 116.086704 399440.07 9076484.05 

3 East -8.357132 116.087348 399511.86 9076103.98 

4 South-East -8.362779 116.087434 399522.78 9075479.63 

5 South -8.363713 116.081897 398913.32 9075374.94 

6 South-West -8.362185 116.076705 398341.21 9075542.55 

7 West -8.357217 116.074859 398136.65 9076091.37 

8 North West -8.353311 116.077949 398475.90 9076524.04 

 

The research is experimental using secondary data from the GADM, calculation results are compared 

to reference data from the Central Statistics Agency (BPS) [12]. The GADM data are geographical 

coordinates of the boundaries of regencies / cities, districts, and villages in Central Java, used to find the areas 

of regencies and cities based on their boundaries. The area of a district is calculated based on the boundaries 

of the district, and the area of a village is based on the village’s boundaries. The shoelace formula and the 

Karney polygon method are applied to find the region’s area, based on UTM coordinates resulted from the 

boundary coordinate conversion. Results from the two calculations are compared against the region areas 

from the Central Statistics Agency. 

 

 

3. RESULTS AND DISCUSSION 

The Central Java province consists of 35 regency/cities, districts and villages. Table 2 shows the detail 

of data obtained from the GADM database and data obtained from BPS. It shows that the least boundary 

points used to determine the boundaries of the area is 513, which is used to determine the boundaries of the 

city of Tegal. The largest number of points used to determine the boundary is 10168, that is to determine the 

boundaries of Boyolali Regency. A total of 168888 latitude and longitude coordinate points are needed to 

form the boundaries of the regencies / cities in the province. Based on BPS data, there are 573 districts and 

8578 villages in Central Java, covering an area of 32800.60 km2. 

By applying the shoelace formula and Karney method and using the regency/city boundaries, each of 

the regency / city area can be obtained as presented on Table 3.  The resulted areas using the two methods 

are 34482.63 km2 (5.13% greater than the reference area) and 34490.30 km2 (5.15% greater than the reference 

area). Using the boundaries of districts, the shoelace formula and Karney method respectively yield a total 

area of 34365.40 km2 (4.77% greater than the reference area) and 34379.48 km2 (4.81% greater than the 

reference area). Next, Using the boundaries of villages, the two methods respectively yield a total area of 

34511.11 km2 (5.21% greater than the reference area) dan 34524.20 km2 (5.25% greater than the reference 

area). Both the shoelace formula and Karney Polygon method give results which are closer to the reference 

area by using boundary coordinates of districts, but the results are farther from the reference area with 

boundary coordinates of regency / city and villages. 

 
Table 2. The number of boundary points, districts, villages The Central Java province,  

and reference area (km2). 

No. Regency / City 

No. of 

boundary 

points (1) 

No. of 

districts(1) 

No. of 

villages(1) 
Ref. area(2) 

1 Banjarnegara 5203 20 278 1023.73 

2 Banyumas 4450 27 329 1335.30 

3 Batang 3916 15 248 788.65 

4 Blora 6277 16 295 1804.59 

5 Boyolali 10168 19 267 1008.45 

6 Brebes 6234 17 297 1902.37 

7 Cilacap 6786 24 284 2124.47 

8 Demak 4775 14 249 900.12 

9 Purwodadi 7445 19 280 2013.86 

10 Jepara 9759 16 194 1059.25 

11 Karanganyar 5329 17 177 775.44 
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No. Regency / City 

No. of 

boundary 

points (1) 

No. of 

districts(1) 

No. of 

villages(1) 
Ref. area(2) 

12 Kebumen 4080 26 461 1211.74 

13 Kendal 6233 20 285 1118.13 

14 Klaten 4341 26 401 658.22 

15 Kota Magelang 737 3 17 16.06 

16 Kota Pekalongan 827 4 47 45.25 

17 Kota Semarang 3411 16 177 373.78 

18 Kota Tegal 513 4 27 39.68 

19 Kudus 2718 9 132 425.15 

20 Magelang 5827 21 373 1102.93 

21 Pati 5955 21 406 1489.10 

22 Pekalongan 4112 19 285 837 

23 Pemalang 5056 14 222 1118.03 

24 Purbalingga 3405 18 239 677.55 

25 Purworejo 3565 16 494 1091.49 

26 Rembang 4826 14 294 887.13 

27 Salatiga 1123 4 22 57.36 

28 Semarang 7312 19 237 950.21 

29 Sragen 9959 20 208 941.54 

30 Sukoharjo 4092 12 167 489.12 

31 Surakarta 1044 5 51 46.01 

32 Tegal 4271 18 287 876.10 

33 Temanggung 4253 20 289 837.71 

34 Wonogiri 6667 25 294 1793.67 

35 Wonosobo 4219 15 265 981.41 

   Sources:(1) GADM, (2) BPS 
 

The application of shoelace formula on UTM coordinates give relatively better results than that of the 

Karney method. However, this formula can only be used for areas that are all located in the same UTM zone 

(such as the province of Central Java), and cannot easily be used for provinces whose areas have UTM zone 

boundaries such as West Java, East Java and Central Kalimantan provinces. 

 
Table 3. Results of Regency / City Area Calculation in sq.km. in the Province of Central Java based on 

Coordinates of the Region Boundaries. 

No. Regency / City Shoelace Formula Karney Method 

1 Banjarnegara 1148.89 (12.23 %) 1149.18 (12.25 %) 

2 Banyumas 1390.10 (4.10 %) 1389.81 (4.08 %) 

3 Batang 858.62 (8.87 %) 858.97 (8.92 %) 

4 Blora 1947.30 (7.91 %) 1948.76 (7.99 %) 

5 Boyolali 1076.36 (6.73 %) 1077.18 (6.82 %) 

6 Brebes 1752.13 (7.90 %) 1751.25 (7.94 %) 

7 Cilacap 2504.81 (17.90 %) 2503.45 (17.84 %) 

8 Demak 999.1 (11.02 %) 1000.06 (11.10 %) 

9 Grobogan 2028.67 (0.74 %) 2030.27 (0.81 %) 

10 Jepara 976.84 (4.55 %) 977.60 (4.48 %) 

11 Karanganyar 803.14 (3.57 %) 803.79 (3.66 %) 

12 Kebumen 1331.32 (9.87 %) 1331.61 (9.89 %) 

13 Kendal 595.20 (46.77 %) 595.54 (46.74 %) 

14 Klaten 700.75 (6.46 %) 701.28 (6.54 %) 

15 Kota Magelang 17.86 (11.21 %) 17.87 (11.27 %) 

16 Kota Pekalongan 45.79 (1.19 %) 45.80 (1.22 %) 

17 Kota Semarang 414.83 (10.98 %) 415.11 (11.06 %) 

18 Kota Tegal 39.14 (1.36 %) 39.12 (1.41 %) 

19 Kudus 435.18 (2.36 %) 435.52 (2.44 %) 

20 Magelang 1136.77 (3.07 %) 1131.22 (2.56 %) 

21 Pati 1582.24 (6.25 %) 1583.51 (6.34 %) 

22 Pekalongan 892.64 (6.65 %) 892.84 (6.67 %) 

23 Pemalang 1136.77 (1.68 %) 1136.79 (1.68 %) 
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No. Regency / City Shoelace Formula Karney Method 

24 Purbalingga 807.97 (19.25 %) 807.99 (19.25 %) 

25 Purworejo 1089.36 (0.20 %) 1089.88 (0.15 %) 

26 Rembang 1224.96 (38.08 %) 1225.87 (38.18 %) 

27 Salatiga 53.05 (7.51 %) 53.08 (7.46 %) 

28 Semarang 1221.97 (28.60 %) 1222.85 (28.69 %) 

29 Sragen 915.09 (2.81 %) 915.82 (2.73 %) 

30 Sukoharjo 493.16 (0.83 %) 493.55 (0.91 %) 

31 Surakarta 46.23 (0.48 %) 46.27 (0.57 %) 

32 Tegal 994.99 (13.57 %) 994.77 (13.55 %) 

33 Temanggung 872.37 (4.14 %) 872.87 (4.20 %) 

34 Wonogiri 1921.23 (7.11 %) 1922.76 (7.20 %) 

35 Wonosobo 993.42 (1.22 %) 993.86 (1.27 %) 

  

Applying the shoelace formula and Karney polygon method on the area calculation of regencies and 

cities based on the region boundaries, the results are MdAPE (Median Absolut Percentage Error) of 6.65% 

and 6.67%, respectively. The calculations that are based on district boundaries give MdAPE values of 6.46% 

and 6.54%, respectively. Similarly, the calculations that are based on village boundaries using the two 

methods respectively give MdAPE values of 6.67% and 6.67%. Based on the three cases, the shoelace 

formula appears to have relatively smaller MdAPE value than that of the Karney polygon method.  

Both the shoelace formula and the Karney polygon method cannot easily be applied on certain cases 

such as the following. Jepara Regency consists of the mainland on Java Island and small islands in the 

Karimunjawa. If the shoelace formula and the Karney polygon method are immediately applied to calculate 

the area using the GADM database on Jepara district boundaries, it will give results that are very much 

different from the reference area. Figure 2 shows plots of the region of Jepara Regency including 

Karimunjawa District on the left, and excluding Karimunjawa District on the right. Excluding Karimunjawa 

District from the area calculation using the shoelace formula and the Karney polygon method, it respectively 

yields 976.84 km2 and 977.60 km2. Due to the many islands of Karimunjawa District, the area calculation of 

the land of the region is not straight forward, every island needs to be separately calculated. Using the 

boundaries of districts and excluding Karimunjawa District from the area calculation of Jepara Regency using 

the shoelace formula and the Karney polygon method, it respectively yields 977.19 km2 and 977.96 km2. 

 
Figure 2. Region of Jepara Regency including Karimunjawa District (left), and  

excluding Karimunjawa District (right). 

 

The boundaries of the Semarang Regency are not completely outside of the region, as there are 

boundaries of the city of Salatiga within that region. For this reason, the area is calculated from the area with 

the outer boundary minus the inner area, which is the area of the city of Salatiga. Applying the shoelace 
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formula and the Karney polygon method on the outer boundaries of Semarang regency, the calculated area is 

1221.97 km2 and 1222.85 km2, respectively. Subtracting the area of the city of Salatiga which is 53.05 km2 

and 53.08 km2, respectively from that area, we get 1168.92 km2 (23.02% greater than the reference area) and 

1168.77 km2 (23.00% greater than the reference area). The difference between the calculated area and the 

reference area becomes smaller when the boundaries of the district and village are used. 

Various methods that have previously been used such as the circle approach method, the rectangular 

approach method, as well as the spherical quadric approach method [1], [2], and [3] may be applied to the 

calculation of the region area, but the time needed to complete the data analysis based on the GADM database 

should also be considered. In this case of the area of Central Java province, the rectangular method and the 

spherical quadric approach method respectively yield 34667.79 sq.km. (6.51% greater than the reference 

area) and 34978.49 sq.km. (7.47% greater than the reference area). 

 
Table 4. Calculation Results of Regency / City Area (km2) in Central Java Province based on the Coordinates of 

District Boundaries (Shoelace Formula I and Karney Polygon Method I), and on the Coordinates of Village 

Boundaries (Shoelace Formula II and Karney Polygon Method II). 

No. Regency/City 
Shoelace Formula 

I 

Metode Poligon 

Karney I 

Shoelace Formula 

II 

Metode Poligon 

Karney II 

1 Banjarnegara 1148.89 (12.23%) 1149.18 (12.25 %) 1149.89 (12.32 %) 1149.18 (12.25 %) 

2 Banyumas 1390.10 (4.10 %) 1389.81 (4.08 %) 1390.10 (4.10 %) 1389.81 (4.08 %) 

3 Batang 858.62 (8.87 %) 858.97 (8.92 %) 858.62 (8.87 %) 858.97 (8.92 %) 

4 Blora 1947.30 (7.91 %) 1948.76 (7.99 %) 1950.52 (8.09 %) 1951.98 (8.17 %) 

5 Boyolali 1083.12 (7.40 %) 1083.94 (7.49 %) 1086.61 (7.75 %) 1087.43 (7.83 %) 

6 Brebes 1762.74 (7.34 %) 1761.86 (7.39 %) 1751.38 (7.94 %) 1750.50 (7.98 %) 

7 Cilacap 2300.61 (8.29 %) 2299.34 (8.23 %) 2305.58 (8.52 %) 2304.31 (8.47 %) 

8 Demak 999.30 (11.02 %) 1000.06 (11.10 %) 998.02 (10.88 %) 998.77 (10.96 %) 

9 Grobogan 2028.67 (0.74 %) 2030.27 (0.81 %) 2029.93 (0.80 %) 2031.54 (0.88 %) 

10 Jepara 1092.74 (3.16 %) 1093.58 (3.24 %) 1171.75 (10.62 %) 1172.64 (10.70 %) 

11 Karanganyar 803.14 (3.57 %) 803.79 (3.66 %) 803.14 (3.57 %) 803.79 (3.66 %) 

12 Kebumen 1332.57 (9.97 %) 1332.87 (10.00 %) 1331.25 (9.86 %) 1331.54 (9.89 %) 

13 Kendal 990.13 (11.45 %) 990.70 (11.40 %) 1004.33 (10.18 %) 1004.91 (10.13 %) 

14 Klaten 700.75 (6.46 %) 701.28 (6.54 %) 701.12 (6.52 %) 701.65 (6.60 %) 

15 Kota Magelang 17.86 (11.21 %) 17.87 (11.27 %) 17.86 (11.21 %) 17.87 (11.27 %) 

16 Kota Pekalongan 45.79 (1.19 %) 45.80 (1.22 %) 46.27 (2.25 %) 46.28 (2.28 %) 

17 Kota Semarang 386.10 (3.30 %) 386.37 (3.37 %) 385.90 (3.24 %) 386.16 (3.31 %) 

18 Kota Tegal 39.14 (1.36 %) 39.12 (1.41 %) 39.14 (1.36 %) 39.12 (1.41 %) 

19 Kudus 435.18 (2.36 %) 435.52 (2.44 %) 435.25 (2.38 %) 435.60 (2.46 %) 

20 Magelang 1130.51 (2.50 %) 1131.29 (2.57 %) 1130.51 (2.50 %) 1131.22 (2.56 %) 

21 Pati 1582.24 (6.25 %) 1583.51 (6.34 %) 1580.65 (6.34 %) 1581.91 (6.23 %) 

22 Pekalongan 892.64 (6.65 %) 892.84 (6.67 %) 892.82 (6.67 %) 893.02 (6.69 %) 

23 Pemalang 1136.77 (1.68 %) 1136.79 (1.68 %) 1136.48 (1.65 %) 1136.50 (1.65 %) 

24 Purbalingga 807.97 (19.25 %) 807.99 (19.25 %) 807.97 (19.25 %) 807.99 (19.25 %) 

25 Purworejo 1070.53 (1.92 %) 1071.04 (1.87 %) 1089.36 (0.20 %) 1089.88 (0.15 %) 

26 Rembang 990.07 11.60 %) 990.79 (11.68 %) 1043.71 (17.65 %) 1044.47 (17.74 %) 

27 Salatiga 53.05 (7.51 %) 53.08 (7.51 %) 53.05 (7.51 %) 53.08 (7.46 %) 

28 Semarang 1046.82 (10.17 %) 1047.57 (10.25 %) 1023.36 (7.70 %) 1024.09 (7.78 %) 

29 Sragen 971.31 (3.16 %) 972.09 (3.24 %) 976.84 (3.75 %) 977.62 (3.83 %) 

30 Sukoharjo 493.16 (0.83 %) 493.55 (0.91 %) 493.16 (0.83 %) 493.55 (0.91 %) 

31 Surakarta 46.23 (0.48 %) 46.27 (0.57 %) 46.23 (0.48 %) 46.27 (0.57 %) 

32 Tegal 994.91 (13.56 %) 994.68 (13.53 %) 993.87 (13.44 %) 993.65 (13.42 %) 

33 Temanggung 871.78 (4.07 %) 872.28 (4.13 %) 872.37 (4.14 %) 872.87 (4.20 %) 

34 Wonogiri 1921.23 (7.11 %) 1922.76 (7.20 %) 1921.23 (7.11 %) 1922.76 (7.20 %) 

35 Wonosobo 993.43 (1.22 %) 993.86 (1.27 %) 992.84 (1.16 %) 993.27 (1.21 %) 

 

The shoelace formula applied to the UTM coordinate system is relatively better than the circular 

approach method, the rectangular method, the spherical quadratic approach method, or even the Karney 

polygon method. The UTM coordinates are to be selected, which should be located in a single zone, so that 

the shoelace formula can be applied. The circular approach method has also been applied to the case of areas 

that are not within one UTM zone [1]. Using the R program package made by Karney will indeed be more 

practical and quicker without selecting the coordinates of the boundaries of the area, but Karney polygon 
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method is not an easy-to-understand method for determining area. The two methods used above can also be 

compared with other methods proposed in [14], [15], [16], [17], [18], [19], [20], and [21]. 

 

 

4. CONCLUSION 

This paper has showed that: 

1. The shoelace formula can be used to determine the area of regencies / cities in Central Java based on 

the boundaries of regency / city, district, and village.  

2. The shoelace formula applied on the UTM coordinates of a region boundaries yields smaller difference 

from the reference area if compared to the Karney polygon method, but can only be used for 

determining areas that are in one UTM coordinate zone.  

3. The Karney polygon method is relatively faster and more practical without the need to change the 

latitude-longitude coordinate system into a UTM coordinate system.  

The research can be expanded to find a way to able to apply the shoelace formula in determining the area that 

is in different UTM coordinate zones. Also, it may be extended to determine the area of all provinces of 

Indonesia by using region boundaries of regency / city, district, or village. 
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