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Abstract: The RIICE project aims to develop a national rice information system that provides timely 

and accurate information on rice area, production, yield estimates, and production losses due to 

calamities to address food security and crop insurance purposes. This project makes use of remote 

sensing imagery from Synthetic Aperture Radar (SAR) platforms to generate reliable rice area maps 

and derives crop status information from the imagery as input to a crop growth simulation model 

(CGSM) to estimate yield.  All image analysis is performed with MAPscape-RICE® in a fully 

automatic way and yield estimation is performed with Oryza2000 CGSM.  Preliminary results of the 

project in Leyte, Philippines show promising results. 
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1. Introduction 

 

 

Monitoring rice production is essential for the 

government to address food security issues. In a 

developing country like the Philippines, rice 

availability is equated with food security and 

closely connected to political stability: recently, 

rice price increase have caused social unrest in 

the country when there was a P5 increase in the 

price of commercial rice. The Department of 

Agriculture said smugglers were responsible for 

spreading rumors of a rice shortage, which 

pushed up prices of the staple [1]. This problem 

could be avoided when there is a scheme of 

monitoring, estimating and forecasting 

agricultural production for local and central 

planning in the country. 

 

Remote sensing-based Information and Insurance 

for Crops in Emerging economies (RIICE) is a 

public-private partnership aiming to reduce 

vulnerability of smallholders engaged in rice 

production by: a.) Improved information on rice 

production to help government, agricultural 

intermediaries and relief organizations in better 

managing domestic rice production and 

distribution both during the normal growing cycle 

as well as after natural catastrophes strike; and b.) 

Provide access to insurance solutions for 

government, agricultural intermediaries (such as 

cooperatives or rural banks) and individual rural 

farmers that stem from natural catastrophes such 

as flood and drought.  

 

RIICE utilizes remote sensing technology 

particularly the use of all-weather radar satellite 

like SAR to generate rice acreage because optical 

satellite data is usually hampered by poor weather 

conditions especially in the tropics like the 

Philippines. Moreover, rice yield estimation is 

determined by combining remote sensing and 

crop modeling. 

 

RIICE will help  increase rice production in the 

long run due to better access to information about 

the actual growth status of observed rice crops 

and the forecasted yields (as well as about 

damages and forecasted losses of rice crops), 

hence leading to a better land management by 

farmers. A key option at hands for the 

government is to establish agricultural insurance 

solutions to protect rice smallholders. In the same 

way, the risks involved in agricultural lending by 

banks to rice smallholders can be reduced 

through insurance that protects the farmers’ loans 

against defaulting due to yield losses and thus 

trigger more investments in agricultural 

production. 



RIICE is being tested in seven countries 

(Philippines, Vietnam, Thailand, Cambodia, 

Bangladesh, India, and Indonesia) in 

collaboration with national partners. In the 

Philippines, Philippine Rice Research Institute is 

the partner agency. 

 

2. Study Area 

 

Leyte province in the Philippines is one of the 

three provinces selected to test the methodologies 

(Figure 1). The other provinces are Nueva Ecija 

in Luzon and Agusan Del Norte in Mindanao. 

Leyte has an approximately land area of 571,280 

hectares of which 61,614 hectares are irrigated, 

19,289 hectares are rainfed and 4,107 hectares are 

upland [2]. There are two types of climate in the 

province based on the Corona System of 

classification.  The eastern part has Type II 

climate characterized by a very pronounced 

rainfall from November to January.  The western 

part has Type IV climate with a rainfall that is 

more or less distributed throughout the year. 

 
Figure 1. Location map of the study area showing the 

different rice ecosystems based on the 1986 map of the 

Bureau of Soils and Water Management. 

 

3. Methodology 
 

Figure 2 shows the detailed schematic diagram of 

the approach used for rice mapping and yield 

estimation. Remote sensing was used to generate 

rice area, seasonal rice area, phenological 

monitoring, leaf area index (LAI) and area 

damaged caused by flood and drought based on 

temporal backscattering characteristics of SAR 

images. The SAR images used for this study are 

from COSMO-SkyMed, acquired from June to 

September 2012, and archived data from 

ENVISAT. For COSMO-SkyMed data, dates of 

acquisition were pre-determined based on the 

date of release of irrigation water in the area and 

onset of rainfall in the province. The processing 

of images was performed using MAPscape- 

RICE®, image analysis software developed by 

sarmap, in a fully automatic way. 

 

Yield estimation was carried out using the 

upgraded version of Oryza2000 CGSM 

developed by International Rice Research 

Institute. The derived crop status information 

from the imagery such as crop location, LAI and 

start of season (SoS) was inputted to Oryza2000 

CGSM. Rice production is calculated at a given 

administrative level and supplied in the form of 

tables, graphs and/or maps [3]. 

 

There were nine fields monitored during the 2012 

wet season to measure LAI and crop cuts in 

farmers field (Figure 1). This information from 

the field was used to calibrate and validate the 

information for area and yield estimates. 

Moreover, the yield estimates from area based 

yield (ARBY) strategically collected from three 

national irrigation systems in Leyte were also 

used for the calibration. Field validation during 

the season was also conducted to determine the 

accuracy of maps produced. 

 

 
Figure 2. Schematic diagram of methods using 

MAPscape-Rice and Oryza2000. 

 

The data produced for RIICE project are as 

follows: 

1.) Rice Extent and Rice Area map. ENVISAT 

ASAR WS (400x400km, 100m) images acquired 

between 2004 and 2010 have been processed to 

generate the multi-year rice extent map of the 

country which provides a national level baseline. 

For the generation of annual rice area, ENVISAT 

IM/AP (100x100, 15m) archived images were 

used. 

2.) Seasonal Rice Area and Phenological 

Monitoring. Multi-temporal COSMO-SkyMed 

(40kmx40km, 3m) data acquired approximately 

every 16 days from June-September 2012 have 

been processed to provide a detailed rice area 



map for the season as well as information on the 

start of season (SoS) and the crop status on a bi-

monthly basis. 

3.) Leaf Area Index. LAI derived from remote 

sensing is calculated from an exponential 

function between the backscattering coefficient at 

season peak and from the in situ field 

measurements through regression [3].  

4.) Rice yield per barangay and municipality was 

estimated using the Oryza2000 CGSM with input 

data from SAR imagery, weather stations, soil 

maps and fieldwork (crop management and 

variety). These yield estimates are being assessed 

to develop a yield index which can later be made 

the triggering basis for an insurance product. 

 

4. Results and Discussion 

 
4.1 Remote sensing-based rice products 

 

The multi-year rice extent, annual rice area and 

seasonal rice area are shown in Figure 3a, Figure 

3b, and Figure 3c, respectively. The rice extent 

map (1ha) is useful for large-scale early mapping 

of rice areas if availability of high resolution 

SAR images is limited. For annual rice area 

(15m), a more detailed rice area was determined 

in the study area regardless of the seasons. The 

seasonal rice area (3m) provided more accurate 

and detailed rice area and rice growth monitoring 

during 2012 wet season. 

A key consideration for rice mapping is the 

spatial variation in the timing of the crop 

establishment phase [4]. This is because farmers 

do not plant their crops on the same date due to 

different factors such as hydrology, temperature, 

rainfall pattern, and availability of irrigation 

water resulting in inter-field variations [5]; hence 

phenological monitoring of rice during a rice 

production season is a challenge. The use of 

multi-temporal SAR images could be used for 

phenological monitoring and determining the 

development of growth stages of rice within a 

cropping season (Figure 4).  

 

Figure 4 shows that most fields have just 

established the rice crop at the end of June and 

mid of July. At the end of July, most of the 

cropped area is in peak vegetation or in flowering 

stage with some fields still in tillering stage. At 

mid of August, most of the cropped area is in 

peak vegetation to grain filling stage. At mid of 

September, most areas in grain filling stage, some 

still in peak vegetation and some already 

harvested. At the end of September, the cropped 

areas are mixture of grain filling stage, peak 

vegetation and harvest. The information derived 

from the SAR images particularly on cultivation 

date and actual area planted is a prerequisite for 

rice yield estimation. 

  
Figure 3a. Multi-year rice extent map of Leyte at 1ha resolution derived from ASAR WS images; b. Annual rice 

area at 15m resolution based on ASAR IM/AP; c. Seasonal rice area at 3m resolution derived from Cosmo-

SkyMed images.© Cosmo-SkyMed data ASI distributed by e-GEOS, processed using MAPscape- RICE®. 

a b c 



 
Figure 4. The development of growth stages of rice during 2012 wet season based from 3m Cosmo-SkyMed 

data. © Cosmo-SkyMed data ASI distributed by e-GEOS, processed using MAPscape- RICE®. 

 

4.2 Rice yield estimation using Oryza2000 

 

The total leaf area of a rice population is a factor 

closely related to grain production because the 

total leaf area at flowering greatly affects the 

amount of photosynthates available to the panicle 

[6]. LAI is widely used in the research of crop 

photosynthesis and growth analysis [7]. For this 

project, LAI is measured in the field to calibrate a 

‘cloud model’ and also derived from SAR 

imagery. LAI is defined as the one sided green 

leaf area per unit ground area in broadleaf 

canopies. For rice, LAI ranges between values 

close to zero for seedlings to a maximum of 10-

12 at flowering, although maximum values closer 

to 6 or 7 are the norm [3]. 

Figure 5 shows the LAI inferred from radar 

backscatter of COSMO-SkyMed data using the 

cloud vegetation model [8]. The inferred LAI was 

used to calibrate the relative growth rates 

parameters in Oryza2000 CGSM. For processing 

efficiently, the spatial units for yield simulation 

are aggregated to 250 meter resolution [3]. 

The simulated yield from Oryza2000 CGSM 

using the LAI derived from remote sensing and in 

situ measurements are shown in Figure 6 and 

Figure 7 in graphical and map formats, 

respectively. The results are promising on the 

first season of implementation. To build 

confidence on the results, three more seasons of 

monitoring 2013/2014 is needed. 

 
Figure 5. Leaf Area Index map derived from 3m 

Cosmo-SkyMed data. © Cosmo-SkyMed data ASI 

distributed by e-GEOS, processed using MAPscape- 
RICE®. 

 
Figure 6: Estimated rice yield (250m) from 

Oryza2000 CGSM and remote sensing. 



 
Figure 7: Estimated rice yield (250m) in western part 

of Leyte using Oryza2000 including rice area, SoS and 

LAI for 2012 wet season. 

 

4.3 Accuracy Assessments of Area and Yield 

Estimates 

 

Accuracy assessment of maps produced show 

that the accuracy increased as the level of 

information increases. The accuracy increased 

from 70% for the 1ha rice extent map to 77% for 

the 15m resolution rice area map and 82% for the 

very detailed 3m resolution rice area map (Table 

1). This result implies that depending on the level 

of information, the use of SAR imagery could be 

used for mapping planted rice areas and 

estimating rice acreage. 

Table 1. Accuracy assessment of the different 

rice maps produced in Leyte. 

Image 

mode 
Resolution 

Overall 

accuracy 

(%) 

Producer’s 

accuracy 

(%) 

User’s 

accuracy 

(%) 

ASAR 

WS 

80m 70 70 70 

ASAR 

IM/AP 

15 77 79 80 

CSK  3m 82 81 82 

 

The yield estimates from remote sensing (RS) 

and ARBY were compared. Yield estimates are 

promising and accurate for the first season of 

implementation with 85% (Table 2), 92% (Table 

3), and 98% (Table 3) at barangay, municipal 

and provincial levels, respectively. The target of 

the project is to improve the area and yield 

accuracy over three more seasons of monitoring 

2013/2014.  

Because no flood was observed in 2012 wet 

season, no production loss estimates was 

recorded.  Production and loss estimates should 

be at municipal level to achieve similar levels of 

accuracy. 

The yield estimates from RS and ARBY were 

used for crop insurance to determine the payout 

of farmers who bought the product. Results 

showed that the yield estimates from RS agreed 

with yield estimates from ARBY (Table 5). There 

was no payout during 2012 wet season because 

yield estimates from RS and ARBY were higher 

than the yield trigger.  

 
Table 2. Preliminary accuracy assessment of RS-based 

rice yield estimation at barangay level. 

Barangay 
Yield (ton/ha) 

ARBY CCE RS estimate 

Amahit 2.96 1.94 

Cuta 3.79 4.32 

Liloan 5.96 5.04 

Matica-a 5.14 5.69 

Sabang Ba-o 4.99 4.94 

RMSE (kg/ha) = 702 

Accuracy (%) = 85 

 
Table 3. Preliminary accuracy assessment of RS-based 

rice yield estimation at municipal level. 

Municipality 
Yield (ton/ha) 

ARBY CCE RS estimate 

Barugo 4.59 4.38 

Ormoc City 5.36 4.85 

RMSE (kg/ha) = 392 

Accuracy (%) = 92 

 

Table 4. Preliminary accuracy of area and yield based 

on level of information. 
Level of detail Area Yield 

Field 85% NA 

Barangay  85% 

Municipality  92% 

Province  98% 

 

Table 5. Comparison of yield from ARBY and RS for 

2012 wet season. 

Municipality 

Yield trigger 

at 95% 

(ton/ha) 

Yield (ton/ha) 

ARBY 

CCE 

RS 

estimate 

Barugo 3.62 5.12 5.63 

Ormoc City 3.74 5.31 5.56 



5. Conclusion 
 

This project demonstrates the development of an 

operational rice monitoring systems using radar 

images in Leyte Philippines. This project not only 

maps the rice areas accurately but also predicts 

the yield using the integration of remote sensing 

and crop modeling. The challenge for the 

government is to institutionalize the system for 

the whole country. The Philippine government 

builds its confidence on the technology. In fact, 

the Department of Agriculture funds to map the 

rice areas of the whole country using SAR 

images.  
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