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Abstract. Monitoring of paddy field area using remote sensing and mapping techniques has 11 

been well recognized and efficient. This study aims to monitor paddy with NDVI analysis with 12 

extensive GIS calculations and integrated with the food self-sufficiency formulas. The research 13 

was conducted in Batang Regency, Central Java Province, Indonesia, that annually produces 14 

104,211,080 kg on average. The results show that the production of lowland rice is sufficient 15 

to meet the daily rice needs of 897.19 g per capita. The region also shows a surplus of rice 16 

production of more than 342 g per capita above the daily needs, or categorized in the criteria 17 

of food self-sufficiency. Food self-sufficiency classification is related to carrying capacity (α) 18 

reaching ca. 4.179356 (α>1). This value shows that rice production can meet the needs of 19 

the population of Batang Regency.   20 

 21 

Keywords: carrying capacity; land use; NDVI; rice; self-sufficiency  22 

JEL Classification:  013; Q00; R11 23 

  24 

INTRODUCTION (tambahkan hingga 1000 kata) 25 

The increasing of population has resulted in increased development activities in various fields 26 

to meet the needs of the community (Li et al., 2017). It is associated with the construction of 27 

settlement facilities, infrastructure networks, commercial facilities, or social facilities. The 28 

increase in development activities will undoubtedly be accompanied by the rise in land 29 

requirements to accommodate these development activities (Trihatmoko, 2020).  It means 30 

that the higher activities in the development led to lack land availability.  31 

Since the enactment of regional autonomy in 2001, local governments in Indonesia have 32 

broader authority in determining the best development policies and programs for improving 33 

https://www.aeaweb.org/econlit/jelCodes.php?view=econlit


the welfare of the people and the progress of their respective regions. The management of 1 

natural, human, and other resources requires development priorities by paying attention to 2 

regional excellence (Mawardi, 2007). The balancing of the potential local excellence with 3 

emphasis on the carrying capacity of the environment will be able to create efficiency and 4 

effectiveness in regions. The condition relates to the use and management of development 5 

resources can improve community welfare and regional development. 6 

The concept of land carrying capacity is widely applied to animal studies, especially to measure 7 

the amount of environmental capacity to support animal life expressed per unit in certain area. 8 

Then the carrying capacity of the environment is applied to the human population. Another 9 

carrying capacity analysis is also based on plant biomass (rice) produced by rice fields in a 10 

certain area and time. Thus, the carrying capacity is the ability of the environment to be able 11 

to support human life (Li et al., 2017). 12 

The development of regional potentials such as the agricultural sector refer to the Law No. 13 

41/2009 concerning Protection of Sustainable Food Agricultural Land (PLP2B). The PLP2B 14 

program protects the agricultural sector in each region so that both quantity and quality of 15 

corresponding resources are maintained. One of the implementations of this program is based 16 

on productive land in Indonesia that meets the requirements for the carrying capacity of 17 

agricultural land. However, the fact is that agricultural land in many regions in Indonesia is 18 

decreasing both in quantity and quality (Asmuti & Tjandra, 2020).  19 

As known, most of the population in Batang Regency are farmers who highly depend on the 20 

availability of the land to meet their needs. Besides, Batang Regency is well known as the 21 

agriculture area (Keris-Jateng, 2017). On the other hand, Batang Regency also displays very 22 

dynamic economic development in its coastal areas, along the Java Sea coast (Marfai et al., 23 

2019). Unfortunately, Batang Regency is also a area target for the development of an 24 

industrial area which is very attractive for investment (KFMAP, 2021). In this regard, it is 25 

necessary to research the environmental carrying capacity of Batang Regency based on land 26 

availability and needs for agricultural sector, precisely on rice field availability.  27 

Introduction terlalu singkat, Sebaiknya ditambahkan paragraf untuk memberi fokus dan 28 

penajaman  29 

This research is aimed to reveal the carrying capacity using geographic information system 30 

(GIS) by Normalized Difference Vegetation Index (NDVI) analysis from the series of Sentinel-31 

2 satellite imagery.   The research is also related to how paddy field resources in Batang 32 

Regency, Central Java Province, Indonesia indicate the carrying capacity of food self-33 

sufficiency, especially rice production. 34 

 35 



RESEARCH METHOD  1 

This research was conducted in Batang Regency, Central Java, Indonesia, including 2 

geographical location between 6°51'46" S to 7°11'47" S and 109°40'19" E to 110°03'06" E. 3 

Area sampling selection comprises all districts or about 15 districts. The object of research 4 

was all paddy fields, i.e. technical irrigation paddy fields, simple irrigation, and rainfed paddy 5 

fields. 6 

Primary data is the latest cross-check data on changes in land use in the field and data on 7 

agricultural commodity productivity. Secondary data includes statistical data and satellite 8 

image data (geographical information system data). Geographic information system data were 9 

taken from the website of the Geospatial Information Agency (BIG), as well as satellite 10 

imagery data from the United States Geological Survey (USGS). 11 

The Sentinel-2 satellite imagery relies on multispectral high-resolution optical observations 12 

over the global terrestrial surface, including land change monitoring, emergency response and 13 

security services activitiesThe use of Sentinel 2A Satellite imagery emphasizes the design of a 14 

reliable multispectral land observation system by featuring a Multi-Spectral Instrument (MSI) 15 

with 13 spectral bands ranging from visible and near-infrared to shortwave infrared. Spatial 16 

resolution varies from 10 m to 60 m, depending on the spectral band, with a field of view of 17 

290 km. The combination of high spatial resolution, wide field of view, and broad-spectrum 18 

coverage shows an advantage over other multispectral images.   19 

 20 

NDVI (Normalized Difference Vegetation Index) Analysis 21 

Vegetation index is analyzed based on digital brightness values as a result of the near-infrared 22 

and red band reflectance and absorption from vegetation (Campbell, 1987; Zhou et al., 2020). 23 

This analysis conducted for experiments measuring biomass or vegetative level. NDVI 24 

measures flourishing green vegetation and also investigates changes in the ecological 25 

environment (Li et al., 2017). The combination of the different formulation of normalization 26 

and the use of the highest absorption and reflection of the chlorophyll makes it durable under 27 

various conditions (Syamsia et al., 2018). The index value ranges from -1 to 1. The general 28 

range for green vegetation is 0.2-0.8 (NASA Technical Reports Server (NTRS), n.d.), use  29 

equation as follows:   30 

 31 𝑁𝐷𝑉𝐼 =  (𝑁𝐼𝑅 − 𝑅𝑒𝑑)(𝑁𝐼𝑅 + 𝑅𝑒𝑑) 32 

 33 

Tolong didefinisikan persamaan tersebut 34 



GIS (Geographic Information System) 1 

GIS is a computer-based system (CBIS) to store and manipulate geographical information. 2 

GIS is designed to collect, store, and analyze objects and phenomena where geographical 3 

location is an essential or critical characteristic to be analyzed. GIS works in handling 4 

geographic reference data: (a) input, (b) data management (data storage and recall), (c) data 5 

analysis and manipulation, and (d) output (Aronoff, 1989).  Paragraf ini tidak perlu membuat 6 

definisi, diganti dengan bagaimana cara metode analisis Carrying Capacity of the Land 7 

(cantumkan referensinya) 8 

 9 

Carrying Capacity of the Land 10 

Food self-sufficiency is an attempt to meet their own food needs by cultivating food crops 11 

such as cereal (rice and the like), secondary plants, cassava, and others. Another researcher 12 

suggested that land capability implies land carrying capacity (Notohadiprawiro, 1987). 13 

Previous research said that the land carrying capacity degradation is influenced by an 14 

increasing population and a low percentage of farmers (Mantra, 1986; Trihatmoko, 2020) . 15 

Paragraf ini tidak perlu membuat definisi, diganti dengan bagaimana cara metode analisis 16 

Carrying Capacity of the Land (cantumkan referensinya) 17 

 18 

 19 

Land Availability Analysis 20 

Land availability is determined based on the total of local actual production data of each 21 

commodity in a particular area adding up by the products of all commodities. The commodities 22 

such as agriculture, land availability analysis is carried out by calculating land availability. The 23 

formula for land availability used the equation below (Ministry of Environment, 2009) 24 

 25 𝑆𝐿 =  ∑(𝑃𝑖 × 𝐻𝑖)𝐻𝑏  ×  1𝑃𝑡𝑣ɓ 26 

 27 

On this equation SL is land availability (ha), then Pi is the actual production of each type of 28 

commodity (the unit depends on the type of product), including agriculture, plantation, 29 

forestry, and animal husbandry. Hi is the unit price for each type of commodity (Rp/unit) at 30 

the producer level. Hb represents the unit price of rice (Rp/kg) at the producer level. Pt is Rice 31 

productivity (kg/ha). (ini contoh bagus untuk mendefinisikan formula, dan disertai satuan; 32 

bisa dicontoh untuk formula lainnya) 33 

 34 



The Needs of Land Analysis 1 

Population pressure on the carrying capacity of land can be determined based on the value of 2 

the ratio between the population and the percentage of farmers with a minimum area of land 3 

to live properly. The land requirement formula used in research is shown in equation below 4 

(Ministry of Environment, 2009). 5 

 6 𝐷𝐿 = 𝑁 ×  𝐾𝐻𝐿𝐿 7 

 8 

DL is the needs of land in total equal to rice (ha). N represents population and KHLL is the 9 

needs of land to live properly. 10 

 11 

Determination of Land Carrying Capacity Status  12 

The carrying capacity of the land is obtained from a comparison between the availability of 13 

land (SL) and land requirements (DL) (Ministry of Environment, 2009): 14 

 15 𝐶𝑐 = 𝑆𝐿𝐷𝐿 16 

 17 

If 𝑠𝐿  >  𝐷𝐿, a surplus of land carrying capacity. If 𝑠𝐿  <  𝐷𝐿, a deficit of land carrying capacity. 18 

To get the precise carrying capacity of the land (α) the calculation is continued as follows: 19 

 20 𝛼 = 𝑋𝐾 21 

 22 

Where X is the available area on site location. The formula as follows: 23 

 24 𝑋 = 𝑇𝑜𝑡𝑎𝑙 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐻𝑎𝑟𝑣𝑒𝑠𝑡𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛  25 

On the other hand, K is the area needed for food self-sufficiency. The formula as follows: 26 

 27 𝐾 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑟𝑖𝑐𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑠𝑖𝑜𝑛𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛 𝐻𝑎 28 

 29 

The surplus of land carrying capacity is emphasizes to the rice production analysis by using 30 

formula: 31 

 32 



𝑅𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑇𝑜𝑡𝑎𝑙 = 𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑎𝑑𝑑𝑦 𝑓𝑖𝑒𝑙𝑑 (𝐻𝑎) ∗ 𝐼𝑃 ∗ 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑡𝑜𝑛𝑠/ℎ𝑎) 1 

 2 

The total rice production was assumed as the conversion value of milled unhusked rice (GKG) 3 

then the value of rice obtained is as follows: 4 

 5 𝑅𝑖𝑐𝑒 = 𝐼𝑛𝑑𝑒𝑥 𝐺𝐾𝐺 ∗ 𝑡𝑜𝑡𝑎𝑙 ℎ𝑎𝑟𝑣𝑒𝑠𝑡 6 

 7 

The level of productivity of paddy fields in meeting the needs of the population of rice in 8 

Batang was calculated based on the following formula: 9 

 10 𝑆𝑢𝑝𝑝𝑙𝑦 =  𝑅𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 1 𝑦𝑒𝑎𝑟𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑜𝑛𝑒 𝑟𝑒𝑔𝑒𝑛𝑐𝑦 11 

 12 

 13 

RESULT AND DISCUSSION  (terlalu singkat, Sebaiknya ditambahkan paragraf untuk 14 

menemukan kedalaman dan perspektif lebih luas, tambahkan hingga 3500 kata)  15 

 16 

Carrying Capacity of the Land 17 

Batang Regency has very abundant natural resource potential in agriculture, especially the 18 

availability of paddy fields. The area of rice fields reaches 24,081.4 ha or equivalent to 28.0% 19 

of the total area of Batang Regency. The land does not include rainfed rice fields which reach 20 

3,134.4 ha or the equivalent of 3.6% of the total land area. This condition indicates that 21 

Batang Regency has a very significant carrying capacity of agricultural land as stated in the 22 

Central Statistics Agency (BPS, 2016) (Table 1). 23 

Kalau bisa ditambahkan pembahasan lagi dari setiap Tabel 24 

 25 

Table 1. Land Carrying Capacity Status of Batang Regency in 2017 26 

District 
Land Availability 

 
Land Required 

 

Carrying 
Capacity of the 

Land 
Status 

Wonotunggal 3,523.65 218.25 32.66 Surplus 
Bandar 3,299.83 409.60 16.54 Surplus 
Blado 1,570.51 539.15 6.48 Surplus 
Reban 1,241.75 624.59 4.58 Surplus 
Bawang 1,828.26 540.98 7.82 Surplus 
Tersono 4,855.25 167.85 60.74 Surplus 
Gringsing 5,132.30 247.64 41.90 Surplus 
Limpung 3,411.77 210.02 33.43 Surplus 
Banyuputih 1,567.76 565.71 5.97 Surplus 
Subah 3,278.63 319.41 23.11 Surplus 
Pecalungan 2,203.62 367.13 13.50 Surplus 



Tulis 3,801.68 197.82 50.18 Surplus 
Kandeman 3,173.66 306.32 20.95 Surplus 
Batang 1,340.23 808.28 13.32 Surplus 
Warungasem 4,665.30 325.50 28.83 Surplus 

 1 

 2 

Spatial Pattern of Batang Regency 3 

Batang Regency is a hilly area, both in the north and in the southern region bordering 4 

Banjarnegara Regency. The south part of Batang is dominated by tea plantations, which are 5 

located in a cold area because it is a plateau area. Most of the Batang Regency area (30.2%) 6 

is a plantation area situated in the southern part. Batang Regency forest area is in the north, 7 

which is a teak forest or tree plantations. The industrial sector in Batang Regency is centred 8 

on Batang Regency mostly spread along the north coast road as the densest road in Indonesia 9 

(Hartatik, 2016), i.e. Kandeman, Tulis, Subah, and Banyuputih Districts. This condition is 10 

considering that the industry requires adequate accessibility. For the detail, land uses, as 11 

shown in Table 2. 12 

Batang Regency has many hilly areas that spread in the north and the south of region. The 13 

southern region which borders Banjarnegara Regency, is dominated by tea plantations which 14 

are cultivated in upland areas with cool temperatures. Most of Batang Regency (30.2%) is a 15 

plantation area located in the southern part. The forest area to the north is found in large 16 

areas of teak forest or tree plantations. The industrial sector in Batang Regency is mostly 17 

spread along the north coast road as the busiest traffic road in Indonesia (Hartatik, 2016), 18 

through the route along the Kandeman, Tulis, Subah, and Banyuputih districts. The industry 19 

requires adequate accessibility to connect to the supply chain and distribution channels. Land 20 

use in Batang Regency is presented in Table 2. 21 

 22 

 23 

Table 2. Land use distribution in Batang Regency, 2016. 24 

Land use type Area (ha) % 

Forest 13,309.4 15.5 
Industry and Tourism 141.9 0.2 

Water body 1,275.6 1.5 
Grassfield 615.1 0.7 
Dry field 3,134.4 3.6 
Mix garden 6,158.5 7.2 
Settlement 11,209.4 13.0 
Garden 25,980.7 30.2 
Paddy Field 24,081.4 28.0 
Total 85,906.4 100.0 

Source: Spatial Plan (RTRW) data analysis of Batang Regency. 25 

 26 

Paddy Field Area in Batang Regency 27 



Batang Regency has favorable and reliable natural resource potential for food crop 1 

agriculture (paddy) on condition that meets proper resource management support. In the 2 

region, the area of irrigated paddy fields reaches 28% of the district's area (Table 2) and is 3 

spread over all sub-districts (Table 3). 4 

 5 

Table 3. Paddy fields distribution in 2017 of Batang Regency. 6 

District Area size 

 % ha 
Bandar 10.2 … 
Banyuputih 5.1 … 
Batang 7.6 … 
Bawang 7.4 … 
Blado 5.9 … 
Gringsing 8.9 … 
Kandeman 6.5 … 
Limpung 5.5 … 
Pecalungan 3.6 … 
Reban 7.0 … 
Subah 8.3 … 
Tersono 7.8 … 
Tulis 4.1 … 
Warung Asem 5.2 … 
Wonotunggal 6.9 … 

 7 

Most of the rice fields are located in the northern and southern areas of Batang Regency 8 

(Figure 1). The central area is dominated by teak forest. Besides, the central area is also used 9 

for residential and industrial areas. The districts with the small size area of paddy fields are 10 

found in Warung Asem, Limpung, Pecalungan, and Tulis districts. The area is mostly hilly and 11 

some areas are indicated to have developed rapidly. 12 



 1 

Figure 1. Paddy field area in each district. 2 

 3 

The NDVI analysis identifiy rice field from of the amount of chlorophyll that reached its 4 

maximum point in its growth phase. NDVI analysis was able to estimate the area of rice field 5 

to reach 6,967.5 ha. The mature rice plants are visually recorded from the spectral reflection 6 

which is very bright compared to other plants. NDVI can identify high brightness sensitivity 7 

even though it is lower than the brightness of water bodies (Figures 2 – 4). In panchromatic 8 

satellite image analysis, the amount of cloud cover will cover or reduce the accuracy of image 9 

classification. 10 



 1 

Figure 2. The paddy filed identification in February year??. 2 

 3 



 1 

Figure 3. The paddy filed identification in August year??.. 2 

 3 



 1 

Figure 4. The paddy filed identification in October year??.. 2 

 3 

Overall, observations of the Sentinel 2A Satellite imagery (Figure 5) indicate that Batang 4 

Regency has a very suitable planting area. This means that paddy fields can be cultivated 5 

throughout the year, both in the rainy and dry seasons. This can be justified by observing the 6 

imagery of rice planted land that does not show extreme differences between the northern 7 

and southern parts of Batang Regency (Figure 6), represented by survey locations A2 and B8, 8 

respectively, as shown in Figure 2. Meanwhile, areas with simple to technical irrigation show 9 

relatively productive farming management. Indeed, NDVI analysis has proven to be able to 10 

provide an accurate assessment of the observation of paddy fields, and allows for the 11 

development of other environmental analyzes (Zhou et al., 2020). 12 

 13 



 1 

Figure 5.  Paddy observations from Sentinel 2A in 2017. 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

Figure 6.  Paddy filed survey from A2 location, the south region (left), and B8 location,  the 17 

north region (right). 18 

 19 

Batang Regency Rice Needs 20 

The total demand for rice in Batang district is 104,211,080 kg per year. The amount of 21 

production must be met to achieve food self-sufficiency. These results can be achieved, thus 22 

placing Batang Regency as a mainstay agricultural area (Keris-Jateng, 2017), instead the 23 

government needs to consider the allocation of industrial areas in this district (KFMAP, 2021).  24 



On the other hand, Batang Regency was asked to contribute to the rice needs of other 1 

regencies in Central Java, because this province was not self-sufficient in food in the 2014-2 

2018 period (Pratiwi et al., 2020). Planning for rice production needs estimate without 3 

considering the main potential of land resources can lead to degradation (Wilis et al., 2020). 4 

Sebaiknya ditambah diskusi 5 

Rice Production Calculation in Batang Regency 6 

The area of paddy fields with irrigation systems is 24,081.4 ha (28% of the total area in 7 

Batang Regency), which is very likely to result in significant deep rice production. In addition, 8 

the planting intensity (planting index) in several locations also reached three planting seasons 9 

in a year. The results of the study show that the average planting index reaches five harvests 10 

in 2 years or the equivalent of 2.5 times a year, with an average productivity of 6.5 tons/ha. 11 

Thus, the total rice production in all Batang Regency is calculated as ca. 391,322.75 tons per 12 

year or 245,515.89 tons per year in milled grain conversion (GKG) (62.74 percent conversion). 13 

The production is higher than the demand for one year (104,211,080 tons per year), which 14 

shows an indication of a production surplus. Furthermore, the calculation of food needs (Wilis 15 

et al., 2020) found a annual production of 327.476 kg per capita or equivalent to 897.19 g 16 

per capita.  17 

Sebaiknya ditambah diskusi 18 

Carrying Capacity Calculation of Paddy Field in Batang Regency  19 

Daily rice consumption needs are 342 g/capita or equivalent to 124.89 kg. Meanwhile, the 20 

average productivity of rice is 6.5 tons/ha, so that the K value is 0.0192138. With the values 21 

of X and K, the carrying capacity of the land (α) is 4.179356. Average rice production per Ha 22 

is converted from paddy to rice (62.74%). The value α is used as an indicator of the ability of 23 

paddy fields to the population in one region. The evaluation standard as α>1 means that the 24 

area has a functional carrying capacity so that it is capable of food self-sufficiency (the 25 

population is below the optimal community). α<1, the region has inadequate carrying capacity 26 

so that food self-sufficiency is unable to exceed the optimal population. α = 1, the area has 27 

an optimal carrying capacity, the availability of food can support the people within regency or 28 

even broader out of the regency. 29 

Value of α is used as an indicator of the capacity of paddy fields relative to the population 30 

number in an area. The α more than 1.0 means that the area has a functional carrying capacity 31 

so that it indicates food self-sufficiency. On the other hand, α value less than 1.0 indicates 32 

that the area does not have the carrying capacity so that food self-sufficiency is not met. 33 

While α value equals to 1.0 , the region has an optimal carrying capacity, the availability of 34 

food can support the community needs in or outside the region. 35 



 1 

Research Implication   2 

This research can be used as an evaluation guide in the management of the PLP2B program 3 

in each regency, especially to support agricultural development. As discussed earlier, this 4 

research is also related to regional development, as well as development planning especially 5 

for Batang Regency. Also, the results of this study can be used as evaluation material for the 6 

government in importing rice policy which is still being carried out nowdays (Widarjono, 2018). 7 

The implementation of the PLP2B program to maintain agricultural land in Batang Regency 8 

needs attention, to consider the proposed allocation of industrial estates because Batang 9 

Regency has the potential to become a rice barn in Central Java and even at the national level 10 

(KFMAP, 2021). 11 

The potential of rice farming by considering the carrying capacity of land, land availability, 12 

and population should provide incentives for farmers' livelihoods. The farmers of Batang 13 

Regency can carry out rice farming activities and have an interest in supplying outside the 14 

region or export, where the value of a reaches 4.179356. This means that the achievement 15 

of a surplus occurs up to more than four times the threshold. This can be a source of pride 16 

for farmers because it produces high production for Batang Regency. 17 

This research led to multidisciplinary studies approach in which involve many field of GIS, 18 

regional planning, and environmental science as part of the geographical analysis.  It means 19 

that the research is directly affects the geography study development as well as the 20 

management of natural and environmental resources. Furthermore, research can enrich and 21 

focus on research roadmaps for research activities with multidisciplinary approaches in land 22 

resource conservation associated with efforts to develop food self-sufficiency efforts. 23 

Sebaiknya elaborasi research implication lebih dalam dan fokus, hingga 750-1000 kata 24 

 25 

CONCLUSION AND SUGGESTION   26 

Overall, all sub-districts in Batang Regency have sufficient availability of paddy fields. By 2017, 27 

Batang Regency indicated surplus of productive rice fields, with an area of 24,081.4 ha of 28 

irrigated rice fields (equivalent to 28% of the district's area). Such a large number has not 29 

been added to the rainfed rice fields which reach 3,134.4 ha (3.6% of the district area). 30 

Based on the observations of Sentinel 2A satellite imagery, Batang Regency has a suitable 31 

cultivated land throught year during the rainy and the dry season. This can be identified by 32 

paddy field planted area that does not significant imagery differences from time to time. The 33 

most significant differences are found in the districts located near the coast which are rainfed 34 

rice fields, while the upland areas are simple to technical irrigation areas. 35 



The total demand for rice in Batang Regency reaches 104,211,080 kg per year. Meanwhile, 1 

the results of the calculation of the daily rice needs of the population in Batang Regency 2 

reached 897.19 g per capita. According to the criteria, Batang Regency is classified as a 3 

surplus because the daily supply is 342 gr per capita above the daily needs 4 

Batang Regency is categorized in the criteria for food self-sufficiency, with  the value of the 5 

carrying capacity of 4.179356, which means the rice production in the region is able to meet 6 

the needs of its population, even experiencing an abundant surplus. 7 

 8 
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Abstract. Monitoring of paddy field area using remote sensing and mapping techniques has 11 

been well recognized and efficient. This study aims to monitor paddy with NDVI analysis with 12 

extensive GIS calculations and integrated with the food self-sufficiency formulas. The research 13 

was conducted in Batang Regency, Central Java Province, Indonesia, that annually produces 14 

104,211,080 kg on average. The results show that the production of lowland rice is sufficient 15 

to meet the daily rice needs of 897.19 gr per capita. The regency also shows a surplus of rice 16 

production of more than 342 gr per capita above the daily needs, or categorized in the criteria 17 

of food self-sufficiency. Food self-sufficiency classification is related to carrying capacity (α) 18 

reaching ca. 4.179356 (α>1). This value shows that rice production can meet the needs of 19 

the population of Batang Regency.   20 

 21 
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  24 

INTRODUCTION (tambahkan hingga 1000 kata) 25 

The increasing of population has resulted in increased development activities in various fields 26 

to meet the needs of the community (Li et al., 2017). It is associated with the construction of 27 

settlement facilities, infrastructure networks, commercial facilities, or social facilities. The 28 

increase in development activities will undoubtedly be accompanied by the rise in land 29 

requirements to accommodate these development activities (Trihatmoko, 2020).  It means 30 

that the higher activities in the development led to lack land availability.  31 

Since the enactment of regional autonomy in 2001, local governments in Indonesia have 32 

broader authority in determining the best development policies and programs for improving 33 

https://www.aeaweb.org/econlit/jelCodes.php?view=econlit


the welfare of the people and the progress of their respective regions. The management of 1 

natural, human, and other resources requires development priorities by paying attention to 2 

regional excellence (Mawardi, 2007). The balancing of the potential local excellence with 3 

emphasis on the carrying capacity of the environment will be able to create efficiency and 4 

effectiveness in regions. The condition relates to the use and management of development 5 

resources can improve community welfare and regional development. 6 

The concept of land carrying capacity is widely applied to animal studies, especially to measure 7 

the amount of environmental capacity to support animal life expressed per unit in certain area. 8 

Then the carrying capacity of the environment is applied to the human population. Another 9 

carrying capacity analysis is also based on plant biomass (rice) produced by rice fields in a 10 

certain area and time. Thus, the carrying capacity is the ability of the environment to be able 11 

to support human life (Li et al., 2017). 12 

The development of regional potentials such as the agricultural sector refer to the Law No. 13 

41/2009 concerning Protection of Sustainable Food Agricultural Land (PLP2B). The PLP2B 14 

program protects the agricultural sector in each region so that both quantity and quality of 15 

corresponding resources are maintained. One of the implementations of this program is based 16 

on productive land in Indonesia that meets the requirements for the carrying capacity of 17 

agricultural land. However, the fact is that agricultural land in many regions in Indonesia is 18 

decreasing both in quantity and quality (Asmuti & Tjandra, 2020).  19 

As known, most of the population in Batang Regency are farmers who highly depend on the 20 

availability of the land to meet their needs. Besides, Batang Regency is well known as the 21 

agriculture area (Keris-Jateng, 2017) and potentially as it is considering the low 22 

geomorphological dynamic on its lowland including coastal area as its dominant area 23 

(Trihatmoko, 2020). The low geomorphological dynamic indicates this area is suitable for 24 

massive development precisely in the sector of food plant production. On the other hand, 25 

Batang Regency also displays very dynamic economic development in its coastal areas, along 26 

the Java Sea coast (Marfai et al., 2019). The economic development also seen at the fact that 27 

this regency has been targeted for the development of an industrial area which is very 28 

attractive for investment (KFMAP, 2021). In this regard, it is necessary to research the 29 

environmental carrying capacity of Batang Regency based on land availability and needs for 30 

agricultural sector, precisely on rice field availability as well as protecting the PLP2B program.  31 

Introduction terlalu singkat, Sebaiknya ditambahkan paragraf untuk memberi fokus dan 32 

penajaman  33 

This research was aimed to reveal the carrying capacity using geographic information system 34 

(GIS) by Normalized Difference Vegetation Index (NDVI) analysis from the series of Sentinel-35 



2 satellite images. The Sentinel-2 satellite images were chosen as the free and newest 1 

medium-high spatial resolution (10 m). Temporally, this satellite also has adequate revisit 2 

frequency (10 days and combined constellation revisit in 5 days) for three to four harvests of 3 

paddy in a year. The research is also related to how paddy field resources in Batang Regency, 4 

Central Java Province, Indonesia, indicate the carrying capacity of food self-sufficiency, 5 

especially for rice production. The collaboration of GIS-NDVI processes, and land carrying 6 

capacity for food self-sufficiency analysis are also filling the gap of the previous researches 7 

that were mostly conducted separately or being positioned as the preliminary statement for 8 

one to another (Sukmono & Ardiansyah, 2017; Zhou et al., 2020).  9 

 10 

RESEARCH METHOD  11 

This research was conducted in Batang Regency, Central Java, Indonesia, including 12 

geographical location between 6°51'46" S to 7°11'47" S and 109°40'19" E to 110°03'06" E. 13 

Area sampling selection comprises all districts or about 15 districts. The object of research 14 

was all paddy fields, i.e., technical irrigation paddy fields, simple irrigation, and rainfed paddy 15 

fields. 16 

Primary data is the latest cross-check data on changes in land use in the field and data on 17 

agricultural commodity productivity. Secondary data includes statistical data and satellite 18 

image data (geographical information system data). Geographic information system data were 19 

taken from the website of the Geospatial Information Agency (BIG), as well as satellite 20 

imagery data from the United States Geological Survey (USGS). 21 

The Sentinel-2 satellite imagery relies on multispectral high-resolution optical observations 22 

over the global terrestrial surface, including land change monitoring, emergency response and 23 

security services activitiesThe use of Sentinel 2A Satellite imagery emphasizes the design of a 24 

reliable multispectral land observation system by featuring a Multi-Spectral Instrument (MSI) 25 

with 13 spectral bands ranging from visible and near-infrared to shortwave infrared. Spatial 26 

resolution varies from 10 m to 60 m, depending on the spectral band, with a field of view of 27 

290 km. The combination of high spatial resolution, wide field of view, and broad-spectrum 28 

coverage shows an advantage over other multispectral images.   29 

 30 

NDVI (Normalized Difference Vegetation Index) Analysis 31 

Vegetation index is analyzed based on digital brightness values as a result of the near-infrared 32 

(NIR) and red band reflectance and absorption from vegetation (Campbell, 1987; Zhou et al., 33 

2020). This analysis is part of the analysis and manipulation processes in GIS scope (Aronoff, 34 

1989) that is conducted for experiments measuring biomass or vegetative level. NDVI 35 



measures flourishing green vegetation and also investigates changes in the ecological 1 

environment (Li et al., 2017). The combination of the different formulation of normalization 2 

and the use of the highest absorption and reflection of the chlorophyll makes it durable under 3 

various conditions (Syamsia et al., 2018). The index value ranges from -1 to 1. The general 4 

range for green vegetation is 0.2-0.8 (NASA Technical Reports Server (NTRS), n.d.), use  5 

equation as follows:   6 

 7 𝑁𝐷𝑉𝐼 =  (𝑁𝐼𝑅 − 𝑅𝑒𝑑)(𝑁𝐼𝑅 + 𝑅𝑒𝑑) 8 

 9 

Tolong didefinisikan persamaan tersebut 10 

Shortly, to adjust the bright visualization from NIR effect, the function was being normalized 11 

by the difference/sum ratio of red band. 12 

        13 

Land Availability Analysis 14 

Land availability is determined based on the total of local actual production data of each 15 

commodity in a particular area adding up by the products of all commodities. The commodities 16 

such as agriculture, land availability analysis is carried out by calculating land availability. The 17 

formula for land availability used the equation below (Ministry of Environment, 2009) 18 

 19 𝑆𝐿 =  ∑(𝑃𝑖 × 𝐻𝑖)𝐻𝑏  ×  1𝑃𝑡𝑣ɓ 20 

 21 

On this equation SL is land availability (ha), then Pi is the actual production of each type of 22 

commodity (the unit depends on the type of product), including agriculture, plantation, 23 

forestry, and animal husbandry. Hi is the unit price for each type of commodity (Rp/unit) at 24 

the producer level. Hb represents the unit price of rice (Rp/kg) at the producer level. Pt is Rice 25 

productivity (kg per ha). (ini contoh bagus untuk mendefinisikan formula, dan disertai satuan; 26 

bisa dicontoh untuk formula lainnya) 27 

 28 

The Needs of Land Analysis 29 

Population pressure on the carrying capacity of land can be determined based on the value of 30 

the ratio between the population and the percentage of farmers with a minimum area of land 31 

to live properly. The land requirement formula used in research is shown in equation below 32 

(Ministry of Environment, 2009). 33 

 34 



𝐷𝐿 = 𝑁 ×  𝐾𝐻𝐿𝐿 1 

 2 

DL is the needs of land in total equal to rice (ha). N represents population and KHLL is the 3 

needs of land to live properly. 4 

 5 

Carrying Capacity of the Land 6 

Food self-sufficiency is an attempt to meet their own food needs by cultivating food crops 7 

such as cereal (rice and the like), secondary plants, cassava, and others. Another researcher 8 

suggested that land capability implies land carrying capacity (Notohadiprawiro, 1987). 9 

Previous research said that the land carrying capacity degradation is influenced by an 10 

increasing population and a low percentage of farmers (Mantra, 1986; Trihatmoko, 2020). 11 

The carrying capacity of the land is obtained from a comparison between the availability of 12 

land (SL) and land requirements (DL) (Ministry of Environment, 2009): 13 

 14 𝐶𝑐 = 𝑆𝐿𝐷𝐿 15 

 16 

If 𝑠𝐿  >  𝐷𝐿, a surplus of land carrying capacity. If 𝑠𝐿  <  𝐷𝐿, a deficit of land carrying capacity. 17 

To get the precise carrying capacity of the land (α) the calculation is continued as follows: 18 

 19 𝛼 = 𝑋𝐾 20 

 21 

Where X is the available area on site location. The formula as follows: 22 

 23 𝑋 = 𝑇𝑜𝑡𝑎𝑙 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐻𝑎𝑟𝑣𝑒𝑠𝑡𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛  24 

On the other hand, K is the area needed for food self-sufficiency. The formula as follows: 25 

 26 𝐾 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑟𝑖𝑐𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑠𝑖𝑜𝑛𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛 𝐻𝑎 27 

 28 

The surplus of land carrying capacity is emphasizes to the rice production analysis by using 29 

formula: 30 

 31 𝑅𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑇𝑜𝑡𝑎𝑙 = 𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑎𝑑𝑑𝑦 𝑓𝑖𝑒𝑙𝑑 (𝐻𝑎) ∗ 𝐼𝑃 ∗ 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑡𝑜𝑛𝑠/ℎ𝑎) 32 



 1 

The total rice production was assumed as the conversion value of milled unhusked rice (GKG) 2 

then the value of rice obtained is as follows: 3 

 4 𝑅𝑖𝑐𝑒 = 𝐼𝑛𝑑𝑒𝑥 𝐺𝐾𝐺 ∗ 𝑡𝑜𝑡𝑎𝑙 ℎ𝑎𝑟𝑣𝑒𝑠𝑡 5 

 6 

The level of productivity of paddy fields in meeting the needs of the population of rice in 7 

Batang was calculated based on the following formula: 8 

 9 𝑆𝑢𝑝𝑝𝑙𝑦 =  𝑅𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 1 𝑦𝑒𝑎𝑟𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑜𝑛𝑒 𝑟𝑒𝑔𝑒𝑛𝑐𝑦 10 

 11 

 Paragraf ini tidak perlu membuat definisi, diganti dengan bagaimana cara metode analisis 12 

Carrying Capacity of the Land (cantumkan referensinya) 13 

 14 

RESULT AND DISCUSSION  (terlalu singkat, Sebaiknya ditambahkan paragraf untuk 15 

menemukan kedalaman dan perspektif lebih luas, tambahkan hingga 3500 kata)  16 

 17 

Carrying Capacity of the Land 18 

Batang Regency has abundant natural resource potential in agriculture, especially the 19 

availability of paddy fields. The area of rice fields reaches 24,081.4 ha or equivalent to 28.0% 20 

of the total area of Batang Regency. The land does not include rainfed rice fields which reach 21 

3,134.4 ha or the equivalent of 3.6% of the total land area. This condition indicates that 22 

Batang Regency has a very significant carrying capacity of agricultural land as stated in the 23 

Central Statistics Agency (BPS, 2016) (Table 1). 24 

Kalau bisa ditambahkan pembahasan lagi dari setiap Tabel 25 

 26 

Table 1. Land Carrying Capacity Status of Batang Regency in 2017 27 

District 
Land Availability 

 
Land Required 

 

Carrying 
Capacity of the 

Land 
Status 

Wonotunggal 3,523.65 218.25 32.66 Surplus 
Bandar 3,299.83 409.60 16.54 Surplus 
Blado 1,570.51 539.15 6.48 Surplus 
Reban 1,241.75 624.59 4.58 Surplus 
Bawang 1,828.26 540.98 7.82 Surplus 
Tersono 4,855.25 167.85 60.74 Surplus 
Gringsing 5,132.30 247.64 41.90 Surplus 
Limpung 3,411.77 210.02 33.43 Surplus 
Banyuputih 1,567.76 565.71 5.97 Surplus 
Subah 3,278.63 319.41 23.11 Surplus 



Pecalungan 2,203.62 367.13 13.50 Surplus 
Tulis 3,801.68 197.82 50.18 Surplus 
Kandeman 3,173.66 306.32 20.95 Surplus 
Batang 1,340.23 808.28 13.32 Surplus 
Warungasem 4,665.30 325.50 28.83 Surplus 

 1 

Stated in Table 1, 15 districts show abundant carrying capacity of the land. The highest 2 

carrying capacity is located at Warungasem District which located in the lowland area as part 3 

of the coastal area. The lowest carrying capacity is located at Reban District which located at 4 

the highland area (south part).  The result shown in Table 1 indicates that the government 5 

should control the development of built-up area as the side effect of the rapid economic 6 

development that commonly occur in north coast of Java Island (Aris Marfai, 2011; Hartatik, 7 

2016; Trihatmoko, 2020). 8 

  9 

Spatial Pattern of Batang Regency 10 

Batang Regency is a hilly area, both in the north and in the southern region bordering 11 

Banjarnegara Regency. The south part of Batang is dominated by tea plantations, which are 12 

located in a cold area because it is a plateau area. Most of the Batang Regency area (30.2%) 13 

is a plantation area situated in the southern part. Batang Regency forest area is in the north, 14 

which is a teak forest or tree plantations. The industrial sector in Batang Regency is centred 15 

on Batang Regency mostly spread along the north coast road as the densest road in Indonesia 16 

(Hartatik, 2016), i.e. Kandeman, Tulis, Subah, and Banyuputih Districts. This condition is 17 

considering that the industry requires adequate accessibility. For the detail, land uses, as 18 

shown in Table 2. 19 

Most of Batang Regency (30.2%) is a plantation area located in the southern part. The forest 20 

area to the north is found in large areas of teak forest or tree plantations. The industrial sector 21 

in Batang Regency is mostly spread along the north coast road as the busiest traffic road in 22 

Indonesia (Hartatik, 2016), through the route along the Kandeman, Tulis, Subah, and 23 

Banyuputih districts. The industry requires adequate accessibility to connect to the supply 24 

chain and distribution channels. Land use in Batang Regency is presented in Table 2. 25 

 26 

Table 2. Land use distribution in Batang Regency, 2016. 27 

Land use type Area (ha) % 

Forest 13,309.4 15.5 
Industry and Tourism 141.9 0.2 
Water body 1,275.6 1.5 
Grassfield 615.1 0.7 
Dry field 3,134.4 3.6 
Mix garden 6,158.5 7.2 
Settlement 11,209.4 13.0 
Garden 25,980.7 30.2 



Paddy Field 24,081.4 28.0 
Total 85,906.4 100.0 

Source: Spatial Plan (RTRW) data analysis of Batang Regency. 1 

 2 

Paddy Field Area in Batang Regency 3 

Batang Regency has favorable and reliable natural resource potential for food crop agriculture 4 

(paddy) on condition that meets proper resource management support. In the region, the 5 

area of irrigated paddy fields reaches 28% of the district's area (Table 2) and is spread over 6 

all districts (Table 3). 7 

 8 

Table 3. Paddy fields distribution in 2017 of Batang Regency. 9 

District Area size 

 % ha 
Bandar 10.2 … 
Banyuputih 5.1 … 
Batang 7.6 … 
Bawang 7.4 … 
Blado 5.9 … 
Gringsing 8.9 … 
Kandeman 6.5 … 
Limpung 5.5 … 
Pecalungan 3.6 … 
Reban 7.0 … 
Subah 8.3 … 
Tersono 7.8 … 
Tulis 4.1 … 
Warung Asem 5.2 … 
Wonotunggal 6.9 … 

 10 

Most of the rice fields are located in the northern and southern areas of Batang Regency 11 

(Figure 1). The central area is dominated by teak forest. Besides, the central area is also used 12 

for residential and industrial areas. The districts with the small size area of paddy fields are 13 

found in Warung Asem, Limpung, Pecalungan, and Tulis districts. The area is mostly hilly and 14 

some areas are indicated to have developed rapidly. 15 

 16 



 1 

Figure 1. Paddy field area in each district. 2 

 3 

The NDVI analysis identifiy rice field from of the amount of chlorophyll that reached its 4 

maximum point in its growth phase. NDVI analysis was able to estimate the area of rice field 5 

to reach 6,967.5 ha. The mature rice plants are visually recorded from the spectral reflection 6 

which is very bright compared to other plants. NDVI can identify high brightness sensitivity 7 

even though it is lower than the brightness of water bodies (Figures 2 – 4). In panchromatic 8 

satellite image analysis, the amount of cloud cover will cover or reduce the accuracy of image 9 

classification. 10 

 11 



 1 

Figure 2. The paddy filed identification in February 2017 year??. 2 

 3 



 1 

Figure 3. The paddy filed identification in August 2017 year??.. 2 

 3 



 1 

Figure 4. The paddy filed identification in October 2017  year??.. 2 

 3 

Overall, observations of the Sentinel 2A Satellite imagery (Figure 5) indicate that Batang 4 

Regency has a very suitable planting area. This means that paddy fields can be cultivated 5 

throughout the year, both in the rainy and dry seasons. This can be justified by observing the 6 

imagery of rice planted land that does not show extreme differences between the northern 7 

and southern parts of Batang Regency (Figure 6), represented by survey locations A2 and B8, 8 

respectively, as shown in Figure 2. Meanwhile, areas with simple to technical irrigation show 9 

relatively productive farming management. Indeed, NDVI analysis has proven to be able to 10 

provide an accurate assessment of the observation of paddy fields, and allows for the 11 

development of other environmental analyzes (Zhou et al., 2020). 12 

 13 



 1 

Figure 5.  Paddy observations from Sentinel 2A in 2017. 2 

 3 

 4 

Figure 6.  Paddy filed survey from A2 location, the south region (left), and B8 location, the 5 

north region (right). 6 

 7 

Batang Regency Rice Needs 8 

The total demand for rice in Batang district is 104,211,080 kg per year. The amount of 9 

production must be met to achieve food self-sufficiency. These results can be achieved, thus 10 



placing Batang Regency as a mainstay agricultural area (Keris-Jateng, 2017), instead the 1 

government needs to consider the allocation of industrial areas in this district (KFMAP, 2021).  2 

On the other hand, Batang Regency was asked to contribute to the rice needs of other 3 

regencies in Central Java, because this province was not self-sufficient in food in the 2014-4 

2018 period (Pratiwi et al., 2020). Planning for rice production needs estimate without 5 

considering the main potential of land resources can lead to degradation (Wilis et al., 2020). 6 

Sebaiknya ditambah diskusi 7 

Rice Production Calculation in Batang Regency 8 

The area of paddy fields with irrigation systems is 24,081.4 ha (28% of the total area in 9 

Batang Regency), which is very likely to result in significant deep rice production. In addition, 10 

the planting intensity (planting index) in several locations also reached three planting seasons 11 

in a year. The results of the study show that the average planting index reaches five harvests 12 

in 2 years or the equivalent of 2.5 times a year, with an average productivity of 6.5 tons/ha. 13 

Thus, the total rice production in all Batang Regency is calculated as ca. 391,322.75 tons per 14 

year or 245,515.89 tons per year in milled grain conversion (GKG) (62.74 percent conversion). 15 

The production is higher than the demand for one year (104,211,080 tons per year), which 16 

shows an indication of a production surplus. Furthermore, the calculation of food needs (Wilis 17 

et al., 2020) found an annual production of 327.476 kg per capita or equivalent to 897.19 gr 18 

per capita.  19 

Sebaiknya ditambah diskusi 20 

Carrying Capacity Calculation of Paddy Field in Batang Regency  21 

Daily rice consumption needs are 342 gr per capita or equivalent to 124.89 kg. Meanwhile, 22 

the average productivity of rice is 6.5 tons/ha, so that the K value is 0.0192138. With the 23 

values of X and K, the carrying capacity of the land (α) is 4.179356. Average rice production 24 

per Ha is converted from paddy to rice (62.74%). The value α is used as an indicator of the 25 

ability of paddy fields to the population in one region (Ma, 2017). The evaluation standard as 26 

α>1 means that the area has a functional carrying capacity so that it is capable of food self-27 

sufficiency (the population is below the optimal community). α<1, the region has inadequate 28 

carrying capacity so that food self-sufficiency is unable to exceed the optimal population. α = 29 

1, the area has an optimal carrying capacity, the availability of food can support the people 30 

within regency or even broader out of the regency. 31 

Value of α is used as an indicator of the capacity of paddy fields relative to the population 32 

number in an area. The α more than 1.0 means that the area has a functional carrying capacity 33 

so that it indicates food self-sufficiency. On the other hand, α value less than 1.0 indicates 34 

that the area does not have the carrying capacity so that food self-sufficiency is not met. 35 



While α value equals to 1.0 , the region has an optimal carrying capacity, the availability of 1 

food can support the community needs in or outside the region. 2 

 3 

Research Implication   4 

By receiving detail result of land carrying capacity and its variables, namely land availability, 5 

the needs of land for total rice production, this research can be used as two function faces, 6 

those are for the evaluation and control guide in the management of the PLP2B program in 7 

each regency, especially to support agricultural development. As discussed earlier, this 8 

research is also related to regional development, as well as development planning especially 9 

for Batang Regency. Also, the results of this study can be used as evaluation material for the 10 

government in importing rice policy which is still being carried out nowdays (Widarjono, 2018). 11 

The implementation of the PLP2B program to maintain agricultural land in Batang Regency 12 

needs attention, to consider the proposed allocation of industrial estates because Batang 13 

Regency has the potential to become a rice barn in Central Java and even at the national level 14 

(KFMAP, 2021).  15 

The potential of rice farming by considering the carrying capacity of land, land availability, 16 

and population should provide incentives for farmers' livelihoods or at least increase the 17 

farming activity pride. The farmers of Batang Regency can carry out rice farming activities 18 

and have an interest in supplying outside the region or export, where the value of α reaches 19 

4.179356. This means that the achievement of a surplus occurs up to more than four times 20 

the threshold. This can be a source of pride for farmers because it produces high production 21 

for Batang Regency. 22 

This research led to multidisciplinary studies approach in which involve many fields of GIS, 23 

regional planning, and environmental science as part of the geographical analysis.  It means 24 

that the research is directly affects the geography study development as well as the 25 

management of natural and environmental resources. Furthermore, research can enrich and 26 

focus on research roadmaps for research activities with multidisciplinary approaches in land 27 

resource conservation associated with efforts to develop food self-sufficiency efforts. 28 

Sebaiknya elaborasi research implication lebih dalam dan fokus, hingga 750-1000 kata 29 

 30 

CONCLUSION AND SUGGESTION   31 

Overall, all districts in Batang Regency have sufficient availability of paddy fields. By 2017, 32 

Batang Regency indicated surplus of productive rice fields, with an area of 24,081.4 ha of 33 

irrigated rice fields (equivalent to 28% of the district's area). Such a large number has not 34 

been added to the rainfed rice fields which reach 3,134.4 ha (3.6% of the district area). 35 



Based on the observations of Sentinel 2A satellite imagery, Batang Regency has a suitable 1 

cultivated land throughout the year during the rainy and the dry season. This can be identified 2 

by paddy field planted area that does not significant imagery differences from time to time. 3 

The most significant differences are found in the districts located near the coast which are 4 

rainfed rice fields, while the upland areas are simple to technical irrigation areas. 5 

The total demand for rice in Batang Regency reaches 104,211,080 kg per year. Meanwhile, 6 

the results of the calculation of the daily rice needs of the population in Batang Regency 7 

reached 897.19 gr per capita. According to the criteria, Batang Regency is classified as a 8 

surplus because the daily supply is 342 gr per capita above the daily needs 9 

Batang Regency is categorized in the criteria for food self-sufficiency, with  the value of the 10 

carrying capacity of 4.179356, which means the rice production in the region is able to meet 11 

the needs of its population, even experiencing an abundant surplus. 12 
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