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Abstract. Irrigated paddy fields in Indonesia generally harvested twice a year. Variations in rice 

production due to climate change are observable through changes in plant phenology using 

remote sensing imagery. The research aim is to study the spatial distribution of phenology stage 

on the paddy field using Remote Sensing Data in Karawang Regency. To answer the aim of 

research used image data processing with Sentinel 1 and Sentinel 2. The Karawang Regency had 

two growing seasons, first is Marc-June, and the second growing season is June-November. The 

research concluded that the spatial distribution of harvesting stages dominant in June, validated 

with image data on 22 June 2017, was the first growing season in Karawang Regency. The 

second image on 13 November 2017, with the spatial distribution of generative and harvesting 

stages, are dominant around Karawang Regency, the harvesting stage dominant with 31% area 

those validated that November 2017 is second growing seasons in a paddy field in Karawang 

Regency. 

 

1.  Introduction 

The food security program is part of Indonesia's efforts to provide adequate food for its citizens [1]. In 

carrying out the program, a study related to food provision needs to carried out. Rice, which is the basic 

food needs of the Indonesian people, is very dependent on climate. Changing climatic conditions will 

have an impact on the changes in rice production from national rice barns in Indonesia. Paddy in 

Indonesia generally is harvested twice a year (80-90 growing days) in well-irrigated areas, and in non-

irrigated areas is harvested once a year (100-130 growing days) [2]. The need for sufficient water to 

grow makes the paddy vulnerable to drought and flood [3]. In Indonesia, paddy usually planted at the 

beginning of the rainy season in October - December then to be harvested in February [4]. Java Island 

is a significant paddy field in Indonesia because of rice production is still dominant nationally [5,6]. 

West Java with irrigation system from Jatiluhur Dam known as Citarum Irrigation Region considered 

as the national rice barn with rice fields stretching along the north coast of West Java, starting from 

Bekasi Regency to Cirebon Regency. When there is a disturbance with the harvest in West Java, the 

national rice stock will also be disturbed [7,8]. 
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To understand the growth of rice plants, and to be able to predict their harvest, research on plant 

phenology is needed. Changes in the plant on the phenology of paddy considered to be an indicator of 

plant responses to climate change. The plant phenology is observable by temporal remote sensing 

images. The detection phenology of paddy could be done using remote sensing [9,10,11,12,13,14,15]. 

Spatial information shows that the actual conditions on the paddy filed can obtain from remote sensing 

data that has high spectral and temporal resolutions such as LANDSAT 8 data and MODIS [16], and 

also Sentinel-1A [13,14,15]. By implementing the Vegetation Index (NDVI) value and the temporal 

analysis by Zheng [17] can determine the phenology on the stage in the age of paddy fields.  

 

Karawang Regency considered one of the national rice barns of Indonesia because of the paddy field 

dominance in the area. Karawang Regency also part of areas irrigated by the Citarum Irrigation Region 

and generally could harvest rice twice a year. The research aim is to study the spatial distribution of 

phenology stage on the paddy field using Remote Sensing Data in Karawang Regency. 

 

2.  Material and method 

This research is focusing on the analysis of the spatial distribution of the phenology stage in the paddy 

field. Karawang Regency - West Java was chosen as a study area because of its the highest rice 

producer on Java island. 

2.1.  Study Area 

Java island is the highest producer of rice, especially Karawang, Subang dan Indramayu. The Karawang 

Regency had a paddy field of more than 80% from total areas. BPS of Karawang Regency in 2018 

records the area of paddy fields is > 95,330.50 hectares from the total area of Karawang Regency is 

116,332.56 hectares. The paddy field observed in this study planted within a cycle of three main periods, 

which are planting period, growing period, and harvesting period. 

2.2.  Image processing 

This study used NDVI as a tool to differentiate different types of crops. NDVI has widely used in many 

applications, and one of them is for identifying plant characteristics in the ground. NDVI calculated with 

the following (formula 1): 

 𝑁𝐷𝑉𝐼 =
𝜌𝑁𝐼𝑅−𝜌𝑟𝑒𝑑

𝜌𝑁𝐼𝑅+𝜌𝑟𝑒𝑑
                                                            (1) 

where ρred and ρNIR are reflectance value of red and near-infrared bands. 

3.  Result and discussion. 

3.1.  Irrigation Region and Growing Season in Karawang Regency 

The distributions of the Irrigation Region in Northern Part of West Java Province with two system 

irrigation regions, first Citarum Irrigation Region and second Cimanuk-Cisangggarung Irrigation 

Region. Karawang Regency part of the Citarum Irrigation Region (Figure 1). Paddy in Indonesia 

generally is harvested twice a year in well-irrigated areas, moreover Karawang Regency, as part of the 

Citarum Irrigation Region, also harvested twice a year. Karawang Regency has an irrigation pattern that 

starts from southern Karawang near Jatiluhur Dam and ends at the northern parts of Karawang. Rice 

crops in Southern Karawang Regency receive water ahead of the middle and northern parts of Karawang 

Regency.  
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Figure 1. Irrigation Region Karawang, Subang, and Indramayu Regency 

Source: Semedi [4] 

 

The rice crop spatial distributions on Karawang, Subang, and Indramayu Regency, have twice harvested 

or growing seasons (Figure 2). First growing seasons, between December-March, January-March/April, 

and January-May, and March-June. The second growing season, between April-July, May-August, and 

August-November. The Karawang Regency, as dominance group D, tended to have a growing season 

between August-November as second growing seasons. On the other hand, the first growing seasons 

between March-June. The paddy phenology stages during the study from 2008 until 2010 based on the 

MODIS satellite [9].    

 

 
Figure 2. Temporal Growing Season in Karawang, Subang and Indramayu Regency 

Source: Semedi [9] 
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Previous Research on Indramayu Regency by BPPT [18] explains the Phenology of paddy from Image 

Data Processing using Sentinel-1 between February-May as the first growing season (Table 1). Paddy 

phenology in Subang Regency is at land preparation stages in February. Vegetative stages are March, 

generative stages in May, and harvesting stages also May. Moreover, the second growing seasons start 

in June in Subang Regency. Based on Semedi [9], the Subang Regency dominance group is Group F, 

had the first growing season is February-May, and the second growing season is June-

September/October.   
 

Table 1. The NDVI and Phenology in June 2017 on Subang Regency 

No. Acquisition Date Rice Phenology 

1 7 February 2016 Land Preparation 

2 19 February 2016 Land Preparation 

3 02 March 2016 Early Vegetative 

4 14 March 2016 Vegetative 

5 26 March 2016 Late Vegetative 

6 25 May 2016 Generative and Harvesting 

7 30 June 2016 Land Preparation 

8 24 July 2016 Vegetative 
             Source: Agency for the Assessment and Application of Technology Indonesia (BPPT), 2016 

 

The Karawang Regency had first growing seasons between March-June and the second growing season 

between August-November. On the other hand, Subang Regency had the first growing seasons between 

March-June second growing seasons is June-September/October. That growing season in Subang 

Regency is faster than Karawang Regency. 

3.2.  Spatial Distribution of Phenology Stages on Paddy in Karawang Regency 

Based on the irrigation system irrigation region and Growing Season stages in Karawang Regency 

during 2008-2010, those are two growing seasons in Karawang Regency. First, growing seasons 

between March-June and the second growing seasons was August-November. The study used two 

Sentinel Data; it was Sentinel-1A and Sentinel-2A.  

 

The result, based on data processing from backscatter classification of 22 June and 13 November 2017 

using Sentinel-1 SAR images, there were five classes of paddy phenology, which are land preparation, 

early vegetative, vegetative, generative, and harvesting. Spatial distribution of phenology stages in 

Karawang Regency using Sentinel-1A saw in Figure 2 and Figure 3. Furthermore, Figure 2 saw 

phenology stages on 22 June 2017, the spatial distribution of generative and harvesting stages are 

dominant around Karawang Regency. The harvesting stages is 57.1%. This spatial distribution of 

harvesting stages dominant validated that on 22 June 2017 is the first growing season in Karawang 

Regency. The second image (Figure 3) saw phenology stages on 13 November 2017, the spatial 

distribution of harvesting stages was dominant around Karawang Regency. The harvesting stage with 

31.9% area from total area Karawang Regency validated that 13 November 2017 is the second growing 

season in a paddy field in Karawang Regency.      
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Figure 3. Phenology Stages on Paddy in Karawang Regency on 22 June 2017 

 

 
Figure 4. Phenology Stages on Paddy in Karawang Regency on 13 November 2017 

 

The vegetative stage (early and vegetative stages) in Karawang Regency is 20.8% of the total area, and 

the harvesting stage is 57.1% in Karawang Regency based on data 22 June 2017. Phenology stages on 

13 November 2017 had the vegetative stage with 26.4% and harvesting stage with 31.9% of the area 

(Table 2). 
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Table 2. The Backscatter and Phenology Stages on Paddy in June 2017 and November 
Backscatter 

(dB)  
Phenology Stages Area (Ha) 

June 

Percentage 

(%) 

Area (Ha) 

June 

Percentage 

(%) 
-13.62-12,8  Land Preparation 13,227.0 12.8 19,114.0 18.6 

-19,4-17.61  Early vegetative  14,165.0 13.8 10,127.0 9.9 

-17.61-15.6  Vegetative 7,236.0 7.0 16,955.0 16.5 

-15.6-13.3  Generative 9,563.0 9.3 23,657.0 23.1 

-13.3-11.0  Harvesting 58,774.0 57.1 32,691.0 31.9 

 Total Area 102,965.0 100.0 102,544.0 100.0 

Source: Data Processing 

 

The spatial distribution of phenology stages in Karawang Regency saw in figure 4, the result using 

Sentinel-2A and NDVI algorithm. Figure 5(a) shows phenology stages on 14 June 2017, and Figure 5(b) 

shows phenology stages on 24 July 2017. Figure 5(a) shows the spatial distribution of vegetative stages 

are dominant around Karawang Regency with 66.7%. This spatial distribution of vegetative stages 

dominant validated that on 14 June 2017 is the first growing season in Karawang Regency. The second 

image (Figure 5(b)) shows phenology stages on 24 July 2017, the spatial distribution of vegetative stages 

is dominant around Karawang Regency. The vegetative stage with 77.1% area from total area Karawang 

Regency validated that 24 July 2017 is still in first growing seasons in a paddy field in Karawang 

Regency.      

 

  
(a)                                                                          (b) 

Figure 5. The phenology stage on paddy (a) 14 June 2017 and (b) 24 July 2017 in Karawang Regency  

 

The vegetative stage area in Karawang Regency on 14 June was 66.7% of the total area, and harvesting 

stages is 6.4%. Paddy phenology on 24 July 2017 had the vegetative stage with 77.1%, and the 

harvesting stage is 0% of the total area in the Karawang Regency (Table 3). 
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Table 3. The Area of NDVI and Phenology Stages in June and July 2017 

NDVI Phenology Stages Area (Ha) 

June 

Percentage 

(%) 

Area (Ha) 

July 

Percentage 

(%) 

0.096-0.036 Land Preparation 6,114.98 5.6 15,973.56 14.6 

0.036-0.240 Early vegetative  44,560.09 40.8 59,507.50 54.4 

0.240-0.450 Vegetative 28,376.57 26.0 24,785.00 22.7 

0.450-0.630 Generative 23,335.85 21.3 9,077.92 8.3 

0.450-0.630 Harvesting 6,950.78 6.4 0.00 0.0 

 Total Area 109,338.27 100.0 109,338.27 100.0 

Source: Data Processing 

 

4.  Conclusion 

The Karawang Regency had two growing seasons regarding to phenology stages. The first is Marc-June, 

and the second growing season is June-November. The research concluded that the spatial distribution 

of harvesting stages dominant in June, validated with image data on 22 June 2017, is the first growing 

season in Karawang Regency. The second image 13 November 2017, with the spatial distribution of 

generative and harvesting stages are dominant around Karawang Regency, the harvesting stage 

dominant with 31% area those validated that November 2017 is second growing seasons in the paddy 

field in Karawang Regency. 
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