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Abstract

Moderate-Resolution Imaging Spectroradiometer (MODIS) satellite data has been widely employed for many
applications. It has fine temporal, spectral and spatial resolution. This feature can be used for monitoring earth
condition continuously, such as the rice field distribution. Rice fields can be known by detecting the rice plant in
that area. Enhanced Vegetation Index 2 (EVI2) is one of the indexes, which describe vegetation conditions and
was employed to mapping the rice field. Rice field area was identified using growth curve recognition of EVI2
MODIS data based on rice plant temporal dynamic characteristics. The rice field distributions in Bali that were
estimated from MODIS data in 2009 show reasonable spatial agreement with rice field distribution from land use
map of 2008. The total area of rice field from MODIS data is 101,218.75 hectare (accuracy 88.21% of reference
data). The southern part of Bali has wider rice coverage compared to northern part of Bali because of the
topographic condition in southern Bali is suitable for rice cultivation. The regency and district level comparison
of rice field area in Bali Province showed a good spatial agreement of accuracy. This indicates that MODIS
EVI2 250 m data can be used to mapping homogeneous areas in the small region of district scale. The accuracy
identify rice field are affected by several factors, such as spatial resolution and cloud cover of satellite data,
elevation of rice field area, and type of rice field.
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1. Introduction

Rice (Oryza sativa L.) is the staple food for more than three billion people, over half the world’s population. It
provides 27% of dietary energy and 20% of dietary protein in the developing world (Redofia, 2004). Rice is the
main carbohydrate source, because of it becomes the main foodstuff for most of the people. Therefore, rice
monitoring is important economically and environmentally. Rice monitoring is economically useful in predicting
the yield of rice crops (Wang et al., 2005). Environmentally, knowledge of rice growing areas can be used to
estimate the flux of methane and managing water resources from the irrigated rice fields (Xiao et al., 2006).

In Indonesia, rice is one of the most important agricultural plants because rice is the main food consumed by
Indonesians (Nuarsa et al., 2011). In addition, millions of people engaged in rice production, rice processing and
other post-harvest activities related to rice (Sidik, 2004). Rice plays an important role in the domestic economy
and in the food security of households, with poor households allocating about 30% of total expenditure to rice
(Sayaka et al., 2007). Rice production is centered in Java (54% of output) and followed by Sumatra (24%).
Meanwhile, Bali and Nusa Tenggara contribute 6% of output (FAO, 1998). On the other hand, intensification in
rice farming practices in the previous time have significant impacts on the emissions of various greenhouse gases
and availability of water in this country (Nugroho et al., 1996; Bulsink et al., 2010; Subadiyasa et al., 1997).
During the globalization, the information of appropriate agriculture resources needs quickly to support food
endurance. The information about plant area, harvest area and rice production in Indonesia usually can be known
a few months after the agro census wich is done in tabular format, not in spatial format and the conventional
method has less accuracy in collecting data over large area (Dirgahayu and Parwati, 2005).

In Bali Province, about 36% people work in agriculture sectors included paddy field farmer. Agriculture sector is
the number two contributories to Gross Regional Domestic Product after the tourism sector (BPS, 2009). On the
other hand, paddy fields significantly affects on the emissions of methane gas in this province (Subadiyasa et al.,
1997). One of the agricultural problems in Bali is related to the growth of population increases rapidly. As the
results, many agricultural areas are converted into settlement and decreasing continuously (As-syakur, 2011).
Therefore, new method is needed to find out the latest information about the coverage and distribution of
agricultural area, especially rice field area.

Remotely sensed optical signatures can be used to monitor earth conditions quickly and routinely. This process
primarily uses the spectral information and texture of remote sensing data to discriminate among different object
on the earth (Van Niel and McVicar, 2001). Remote sensing has played a significant role in studying agriculture.
Interpretation of remote sensing images is easily in crop classification, crop health and yield assessment (Nellis
et al., 2009). One of the applications of remote sensing is to identify paddy rice fields. Optical satellite remote
sensing can provide a viable means to meet the requirement of improved regional-scale datasets of paddy rice
fields (Xiao et al., 2006). Most of remote sensing research of rice plant is about rice productivity estimation (e.g.
Nuarsa et al., 2011; Nuarsa et al., 2012; Shao et al., 2001; Gumma et al., 2011). So that, it is needed to do other
research related with rice plant; one of them is mapping the rice field distribution.

Satellite data with fine spatial, spectral and temporal resolution is necessary to generate better accuracy of rice
field distribution (Xiao et al., 2005; Xiao et al., 2006; Xiao ef al., 2002). Therefore, the rice area distribution
assessment can be updated continuously and can represent the real situation on the earth. MODIS has daily
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revisit cycle, moderate spatial resolution and also have all requirements in generating vegetation index (Vermote
et al., 2011). Therefore, this sensor is suitable to updated information on the temporal characteristics of paddy
rice fields. Evri et al., (2007) shows the reflectances of each rice variety are different. This point can be
explained by physical appearance, such as wide and size of leaves. However, the patterns of rice growth curve
are the same in all varieties.

Previously, other researchers have been mapped rice field using MODIS data on nationally and regionally based
on temporal development of the vegetation index (e.g. Sakamoto et al., 2009; Xiao et al., 2006; Xiao et al., 2005;
Xiao et al., 2002). However, they use MODIS data that has 1 km and 500 m spatial resolution. The results show
an association between satellite data with field data. Furthermore, lack on the spatial resolution of MODIS tend
to be more pronounced at the district level because problems detecting small fields.

Vegetation index is a parameter that can be used to monitor biophysical quantities related to the terrestrial
ecosystem and to analyze the vegetation conditions in a region. Vegetation index has various algorithms
(Horning, 2004). One of them is Enhanced Vegetation Index (EVI; Huete et al., 1997) that is employed to
mapping the rice field (Xiao et al., 2005; Xiao et al., 2006; Sakamoto ef al., 2009). This kind of vegetation index
has many improvements compared to others vegetation index that due the blue band in the equation (Motohka et
al., 2011; Chengyuan et al., 2008; Xiao et al., 2003). However, the use of the blue band also limits the
applicability of EVI. This is because data sets from some satellites do not contain blue band information. To
allow EVI to be used on the red and near infrared datasets, Jiang ef al. (2008) developed EVI2 — a two band
enhanced vegetation index that has values very similar to EVI. To identify the temporal characteristics in the
green vegetation in rice fields requires spectral bands or vegetation indices that are sensitive to vegetation
changes. EVI2 that was employed in this research to mapping the rice field.

In this study, we employed multitemporal MODIS data to mapping rice field distributions in Bali, an Indonesia
Province. Our objective is to identify the rice field distributions using multi temporal MODIS data based on rice
plant temporal dynamic characteristics. We evaluated the MODIS EVI2-derived rice map in three ways: (1)
spatial distribution of rice field, (2) regency level comparison, and (3) district level comparison. The algorithm
developed for MODIS images could be applied to other rice field area to generate an update database of
agriculture.

2. Research Methods

The research location is in Bali Province, located between the 8°3'40" - 8°50'48" S and 114°25'53" - 115°42'40"
E, covering an area of 5,590.31 km* (Figure 1). Administratively, Bali Province has 9 regency/cities and 55
districts. Bali is divided into two different parts; North Bali with a narrow lowland and less sloping, and South
Bali with broad lowland and sloping (As-syakur, 2011). In general, rainfall in Bali has a monsoon pattern of two
seasons, the dry season and rainy season (Aldrian and Susanto, 2003). There is much rice planted in Bali, 18% of
the total Bali Province area is the rice plant plantation.

The material used in this research is as follows: (1) MODIS data, (2) land use map last updated in 2008 included
irrigated and unirrigated rice field area (As-syakur 2011) that used for reference data, and (3) Digital Elevation
Model (DEM) from topography contour map interpolation with 250 m spatial resolution (Bakosurtanal, 2000).
MODIS Terra 8-day composites images (MOD09Q1) were used for Bali Province area, from January 2009 until
December 2009. MOD09Q!1 provides MODIS band 1-2 surface reflectance at 250-m resolution. It is a level-3
composite of MOD09GQ product. Each MODO09Q1 pixel contain the best possible Level-2 Global (L2G)
observation during an 8-day period as selected on the basis of high observation coverage, low view angle, the
absence of clouds or cloud shadow, and aerosol loading (Vermote et al., 2011).

Before identify a pixel as a flooding pixel, it needs to generate various masks for clouds, water bodies, and other
constant vegetation index pixel. This process has a purpose to eliminate the pixel that is certainly not belonging
to rice field and in an effort to minimize their potential impact.

To identify rice field, the unique characteristics of rice plant were attended. Rice fields have temporal dynamics
which can be characterized by three main periods: (1) the flooding and rice transplanting period; (2) the growing
period (vegetative growth, reproductive, and ripening stages); and (3) the fallow period after harvest (Le Toan et
al., 1997 in Xiao et al., 2006). Each period can be detected by the unique spectral reflectance value from satellite
data. Vegetation index curve will reached the peak near heading, and then fell off as the growing season
continued (Tucker, 1979). The unique features and pattern of spectral reflectance values in that specific period
until harvest time make paddy rice fields separable from other croplands with no surface water (Xiao et al.,
2005).
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Vegetation index used in this research is EVI2 proposed by Jiang ef al. (2008). They used a large number of field
test sites to develop an index equation and produces values very similar to EVI. The EVI employs the use of red,
near infrared and blue band. Red band has used because the absorption of red wavelength by vegetation is the
highest compared to other wavelength, while infrared band has the highest reflection (Jensen, 2000). Therefore,
in red and near-infrared bands the contrast between vegetation and soil is at its maximum (Sahu, 2008). The use
of the blue band aims to reduce noise and uncertainties associated with highly variable atmospheric aerosols
(Jiang et al., 2008). However, in MODIS data with spatial resolution 250 m, only are available the red band
(RED) and near infrared band (NIR). The formula used to calculate vegetation index is EVI2 (Jiang et al., 2008):
EVI2 =25 IR~ RED (1)

NIR +24RED +1
The red band in MODIS sensor is at about 620-670 nm and near infrared band is at about 841-876 nm. EVI2 is
often used for sensors without blue band, such as MODIS, to produce an EVI-like vegetation index. Since the
role of blue band in EVI does not provide additional information on vegetation properties, a two-band EVI
should be compatible. This formula has improvement sensitivity over high biomass, relative to Soil Adjusted

Vegetation Index (SAVI), and minimizes soil influences (Jiang ef al., 2008).

3. Results and Discussions

Rice field area was identified by finding pixels that have EVI2 pattern about 120 days. A temporal profile
analysis of MODIS-EVI2 was used to identify paddy rice fields at regional spatial scales based on rice plant
temporal dynamic characteristics. The unique features of spectral reflectance values in that specific period make
paddy rice fields separable from other land covers. Before identified the rice field area, the threshold value of
flooded pixels and EVI2 pattern of rice field in Bali province must be known. Land use map last updated in 2008
(As-syakur, 2011) were used to this purpose. Figure 2 shows the average of EVI2 value of several land use in a
year and rice field has different patterns compared with other land use types. Flooding and transplanting time can
be identified by the low EVI2 value, and then followed by the increasing of EVI until growing period. After
reaching the peak, EVI2 value of rice plant fell off until the harvest time. The fluctuation of vegetation index
value shows the flooding and transplanting period if it has the EVI2 value below 0.4. After flooding and
transplanting period, the EVI2 value increases until rice plant reaches the 60 days age, then in ripening stages the
EVI2 value decrease until harvest time at the age about 120 days.

The rice field area was identified after finding the flooded pixels. The result of rice field distribution in Bali is
shown in Figure 3. The district polygon also indicates in the figure. Most of the rice fields in Bali are located in
the southern part of the island. Rice can grow well in this area both in dry and rainy season. For unirrigated rice
field, most of the rice was planted in rainy season.

Table 1 presents the rice field coverage in Bali Province and the spatial agreement between MODIS with
reference data. The coverage area of rice field observed using the MODIS data is 101,218.75 hectare. However,
the coverage area of reference data is 101,587.50 hectare, so it means, that rice field from MODIS data are 0.36%
lower than the reference data. The spatial agreement between MODIS data with reference data is 89,606.25
hectare (spatial agreement 88.21%). A number of factors could result in the MODIS rice pixels that do not
correspond spatially with reference data pixels. The spatial agreement refers to the pixels which are identified as
rice field both in calculation results and reference data. While the ratio of spatial agreement is the percentage of
the spatial agreement of calculation result compared to reference data.

The pixel by pixel comparison is conducted and presented in Figure 4. District polygon also indicates in the
figure. Green color is agreed the calculation, and red color is disagreed the calculation. The agreed calculation
refers to the pixels that were identified as rice field both in calculation result and reference data. While disagreed
calculation refers to the pixels that were identified as rice field in calculation results from MODIS. However, the
disagreed do not appeared as rice field in reference data, the pixels that were showed as rice field in reference
data but do not were identified as rice field in calculation result from MODIS.

There were some notable differences between the calculation results and reference data. The largest area with
disagreement is in eastern part of Bali (Kubu district), with a ratio of spatial agreement 19.93%. In this district,
the calculation results show underestimated rice field area.

The comparison pixel by pixel shows a confusion matrix and the error and accuracy calculation (Table 2). The
pixels that showed as rice field in reference data but were not identified as rice field in calculation result, or
called omission error, are 1,917 pixels (11.79%). Meanwhile, the pixels that do not showed as rice field in
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reference data but were identified as rice field in calculation result, called commission error, is 1,858 pixels
(11.47%).

There are two types of rice field in Bali Province, irrigated and unirrigated rice field. Irrigated rice field has
larger coverage than unirrigated rice field. Figure 5 shows rice field distributions by type of rice field. Pixel by
pixel comparison between MODIS rice field with both types of rice field also indicates in the figure. The
calculation result shows the same phenomenon, where irrigated rice field has coverage to 68, 23 hectare (76.15%)
and unirrigated rice field to 21, 37 hectare (23.85%). The spatial agreement shows for irrigated rice field is 90.33%
and unirrigated rice field is 82.05%.

The comparison of the rice field distribution and elevation is shown in Figure 6. Regency polygon also indicates
in the figure. In Bali province, rice field are mostly located at the elevation 100 to 500 meters above sea level,
which is about 54,100 or 47.81%. Only 225 hectare, or 0.20% of the rice field located at the elevation > 1000
meters above sea level. This is in accordance with the characteristics of rice plant that generally lives in lowland
area and with the characteristics of Bali Island. Bali has broad lowland and sloping area in the southern part of
the island, while in the northern part is narrow lowland and less sloping. So the rice field distribution is more
common in the southern part of Bali.

On the ratio of spatial agreement, the elevations from 0 to 500 meters have similar ratio of spatial agreement,
which is above 88%. While the elevation between 500-1000 m have lower ratio of spatial agreement, and the
elevation >1000 m have the lowest ratio of spatial agreement, which is only 53.85%. This result shows that
elevation affects the calculation. The reason for calculation result to underestimate rice areas in the hilly areas is
likely a result of smaller rice field sizes in this part of study area. According to earlier study by Xiao et al. (2005),
a similar pattern was observed as the MODIS rice algorithm underestimated rice areas in the hilly provinces of
Southern China.

On regency level accuracy, Gianyar regency has the best ratio of spatial agreement, which is 96.41%. The big
size of rice field with few cloud cover makes the good accuracy. Cloud cover is very important in tropical and
sub-tropical areas where much of the world’s rice is grown and the availability of optical satellite data is severely
constrained by frequent cloud cover (Xiao et al., 2005). The regency level comparison of rice field area is
presented in Figure 7. The figure indicates comparison between the calculation result with reference data show
good spatial agreement, yielding high correlation coefficients (r=0.98).

Gianyar regency has bigger rice field size than MODIS spatial resolution (250m). Therefore, the reflectance
value of rice field easily can separable to other land use type. The low resolution is the weakness of MODIS data
the process of identifying rice field, especially for rice fields that are much smaller than the MODIS spatial
resolution.

On the other hand, Denpasar is regency that has much small sized rice field. This is the reason why the accuracy
in Denpasar is lower than other regencies (80.39%). It is more difficult to identify the rice field using MODIS
with 250 m spatial resolution. Xiao et al. (2006) showed that discrepancies between MODIS rice and reference
data can be largely attributed to failure of MODIS based algorithm in identifying small patches of rice fields.
And for heterogeneous areas such as those containing settlements, satellites with high spatial resolution are
necessary to detect detailed features (As-syakur et al., 2010).

The district level comparison of rice field area in Bali Province is presented in Figure 8. The figure shows that
the rice field distributions by district between calculation results and reference data are quite similar (r=0.95).
South Kuta district has the lowest accuracy. The classification result identifies rice field, but the reference data
does not show any rice field. However, the coverage of error in South Kuta does not too much (62.5 hectare).
This error might be caused by the error of satellite data or the effect of atmospheric condition and the spatial
resolution.

The other district with low-level accuracy is Kubu (19.93%) and followed by Abang district (44.81%). The high
error in these districts can be caused by the rice field type in this area. Most of the rice field in Kubu and Abang
district is unirrigated rice field. The classification result by type of rice field shows that unirrigated rice field has
lower accuracy than irrigated rice field. This result affected by the crop cycle of unirrigated rice field.
Unirrigated rice field only planted in rainy season. However, in rainy season, the cloud coverage is extensive.
Bali is located in tropical area and has high rainfall. Therefore, the cloud cover problems are occurred for
satellite data.

4. Conclusions

Rice field distribution in Bali was calculated using growth curve recognition of EVI2 method with MODIS data
2009. To identify and mapping rice field area is based on rice plant temporal dynamic characteristics by
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detecting the flooded, transplanting, and growth of rice field. Total area of rice field area was 101,218.75 hectare.
Rice field distribution in Bali was comparable to rice field distribution from land use map of 2008 with the
accuracy 88.21%. The calculation results show that elevation affected to rice field distribution. Elevation above
500 meters sea level shows the lower ratio of spatial agreement, because the sizes of rice field in hilly areas are
quite small compared to MODIS spatial resolution. The unirrigated rice field rate showed lower accuracy
comparing with irrigated rice field. The unirrigated rice field generally has one time crop cycle in a year, in rainy
season. On regency and district level, rice field distribution spread on all regencies and district in Bali. The
highest covered of rice field occurred on the regency and district in southern part of Bali compared with northern
part. The regency and district level comparison of rice field area showed a good spatial agreement of accuracy
(r=0.98 and r=0.95, respectively). In short, the results indicate the MODIS EVI2 250 m data can used to map
homogeneous areas and might provide effective tool for operationally identifying the flooding and rice
transplanting at paddy rice fields. The spatial resolution of this data set (250 m) is sufficiently fine to monitor the
temporal characteristics of rice fields on a regency and district scale.
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Table 1. Coverage of Rice Field Area and spatial agreement between MODIS data with reference data in Bali
Province

Reference Data Calculation Result Spatial agreement Ratio of Spatial
(Hectare) (Hectare) (Hectare) agreement (%)
Rice Field 101,587.50 101,218.75 89,606.25 88.21
Non Rice Field 457,443.75 457,812.50 445,831.25 97.46
Total 559,031.25 559,031.25 535,437.50
Table 2. Confusion Matrix
Reference (pixels)
Rice Non Rice Total
= = Rice 14,337 1,858 16,195
=0
_3 sz ‘E Non Rice 1,917 - -
S = 2
O s Total 16,254 - -
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Figure 3. Rice field distribution derived from MODIS. District polygon also indicates in the figure
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Figure 4. Pixel by pixel comparison of rice field distribution. Green color is agreed calculation and red color is
disagreed calculation between MODIS data with reference data, respectively.

District polygon also indicates in the figure
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Figure 5. Rice field distribution by type of rice field. Green, yellow, and red color is irrigated rice filed,

unirrigated rice filed, and disagreed calculation of both rice field between MODIS with reference data,

respectively. Regency polygon also indicates in the figure
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Figure 6. Rice field distribution compared with elevation above sea level. Regency polygon also indicates in the figure
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Figure 7. Scatterplots of the calculation result versus reference data area for regency comparison level
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Figure 8. Scatterplots of the calculation result versus reference data area for district comparison level
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