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1. Purpose  

The document provides the validation results of the rice mapping products generated by the CRISP project 

over five pilot sites:  

1) Andhra Pradesh State, India; 

2) Mwea Irrigation Scheme, Kenya; 

3) Luzon, Philippines; 

4) Kano State, Nigeria; 

5) Senegal River Valley, Senegal. 

In line with the above-mentioned rationale, the document is structured as follows:  

ǒ Chapter 2 provides the context for the validation of the CRISP products; 

ǒ Chapter 3 provides the validation results for Andhra Pradesh State, India; 

ǒ Chapter 4 provides the validation results for Mwea Irrigation Scheme, Kenya; 

ǒ Chapter 5 provides the validation results for Luzon, Philippines; 

ǒ Chapter 6 provides the validation results for Kano, Nigeria; 

ǒ Chapter 7 provides the validation results for Senegal River Valley, Senegal; 

ǒ Chapter 8 summarizes the validation results, considering all sites; 

ǒ Chapter 9 provides the conclusion of the validation exercise. 
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2. Validation of rice product s generated by the CRISP platform  

This validation exercise is undertaken for five test sites, covering various rice ecosystems (rainfed, irrigated), 

geographic regions (east and west Africa, South Asia, and South-East Asia), and production systems across 

the world, including various levels of intensification (Figure 2.1): 

1) Andhra Pradesh State, India (rainfed, irrigated); 

2) Mwea Irrigation Scheme, Kenya (irrigated); 

3) Luzon, Philippines (rainfed, irrigated); 

4) Kano State, Nigeria site (rainfed, irrigated); 

5) Senegal River Valley, Senegal site (irrigated). 

 

Figure 2.1.  Geographic localization of the five sites used to test the CRISP rice mapping platform 

The product to be validated include the rice area and yield, and the impacts of flood and drought events on 

rice area and/or yield (Table 2.1). The validation analysis is based on various datasets (Table 2.2): 

¶ Data collected in the field during the seasons under investigation; 

¶ Government and literature data or statistics; 

¶ Published rice area or production maps.  

It is important to note that no field data have been specifically collected for this CRISP validation exercise, 

due to funding limitation. Field data when available, have been collected as part of earlier CGIAR IRRI 
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projects undertaken at the test sites. The Start-of-Season products were not validated due to the lack of 

planting or sowing reference datasets. 

Table 2.1. Products to be validated for the five test sites     

Sites  Season  Product  

Kenya, Mwea  Main Season 2023 Rice Area, Yield 

Senegal, Senegal River Valley  Wet Season 2023 Rice Area, Yield 

Nigeria, Kano Wet Season 2023 Rice Area, Yield 

Philippines, Luzon Wet Seasons 2017-18  

and 2018-19 

Rice Area, Yield 

India, Andhra Pradesh Wet season 2018 Rice Area, Flood Area 

Table 2.2. Data sources for the validation of the rice CRISP products 

Sites  Rice Area  Yield  

Kenya,  Mwea 

 

¶ Ground validation point 

¶ NIA-MIAD data, Kenya 

¶ Crop Cut Experiments (field) 

¶ NIA-MIAD data, Kenya 

Senegal, Senegal River 

Valley 

 

¶ Ground validation point 

¶ SAED and ISRA data 

¶ Crop Cut Experiments (field) 

¶ SAED and ISRA data 

Nigeria, Kano 

 
¶ Ground validation point ¶ Farmerôs field yield data 

Philippines, Luzon 

 

¶ Photo interpreted point 

¶ Government data 
¶ Government data 

India, Andhra Pradesh 

 
¶ Ground validation data NA 

NIA-MIAD National Irrigation Authority - Mwea Irrigation Agricultural Development (MIAD) 

Centre; ISRA Institut Sénégalais de Recherche Agricole, SAED Société d'Aménagement et 

d'Exploitation des Terres du Delta du Fleuve Sénégal 

The processes, data, and algorithm used to generate the rice CRISP products are described in the 

Technical Specification document released by the CRISP team in January 2025. The processing chain 

includes the following pipelines or modules: 

¶ The Sentinel-1 Intensity and Sentinel-2 Pre-Processing Pipeline consisting of the European Space 

Agency (ESA) SNAP 12 toolbox; 

¶ Slope and Sentinel-1 Vegetation Indices pipeline using sarmapôs proprietary IP to generate a SAR-

derived index, EDPSVI; 

¶ The Rice Area Mapping and Start of Season (SoS) Detection Pipeline using sarmapôs proprietary 

IP to integrate SAR multi-temporal acquisitions (polarization, EDPSVI) with optical vegetation indices 

(e.g., NDVI) to identify rice temporal signatures and detect the Start of Season (SoS); 
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¶ Leaf Area Index (LAI) Processor leveraging sarmap's proprietary IP to generate the Leaf Area 

Index (LAI) by combining temporal Sentinel-1 vegetation indices with geospatial data; 

¶ The Yield Modelling Processor integrating the ORYZA V3 yield simulation model, developed by the 

International Rice Research Institute (IRRI), to model rice growth, development, and yield; 

¶ The Multi-Temporal Feature Extraction Pipeline using sarmapôs proprietary IP to derive first-order 

statistical features from SAR and optical data time series for segmentation and classification tasks; 

¶ The yield modelling component uses remote sensing-derived layer (including Rice Area, Start-of-

Season, and Leaf Area Index), as well as other data on weather, soil, variety, and crop management. 

The data / parameter used for the various sites are listed in Table 2.3. 

Table 2.3. Data and parameters used for the yield modelling in each site and the source of the data 

Sites  Weather $ Soil & 
Variety  
(dominant) # 

Crop management  

Kenya, 
 Mw
ea 

Copernicus AgERA5 
satellite weather data 

Soil parameters 
analysed from soil 
samples (NIA-
MIAD1) 

Basmati 370 

Farmer surveys 
Nitrogen fertilization: 80 kg, 
irrigated condition with 
transplanted rice 

Senegal, 
Senegal 
River Valley 

Copernicus AgERA5 
satellite weather data 

Soil parameters 
analysed from soil 
samples (ISRA2) 

Sahel 108 

ISRA team 
Nitrogen fertilization: 120 kg, 
irrigated condition with 
transplanted rice 

Nigeria, 
Kano 

Copernicus AgERA5 
satellite weather data 

Soil parameters 
derived from ISRIC 
- World Soil 
Information 
database 

Faro 
calibrated for 
rainfed and 
irrigated 
conditions 

Africa Rice team 
Rainfed: nitrogen fertilization: 80 
kg, rainfed condition with 
transplanted rice 
Irrigated: nitrogen fertilization 
80-120kg (wet season) irrigated 
condition with transplanted rice 

Philippines, 
Luzon 

NASA and CHIRPS 
(rainfall) satellite 
weather data 

Soil parameters 
derived from ISRIC 
- World Soil 
Information 
database 
 

MTR110 
variety, 
calibrated 
based on 
maturity 
duration of 110 
days 

PhilRice team 
Irrigated: nitrogen fertilization: 90 
kg (dry season), irrigated 
condition with transplanted rice 

India, Andhra 
Pradesh 

NASA and CHIRPS 
(rainfall) satellite 
weather data 

Soil parameters 
derived from ISRIC 
- World Soil 
Information 
database 

MTU1001 

Secondary data and local 
knowledge 
Nitrogen fertilization: 80 kg, 
irrigated condition with 
transplanted rice 

1 NIA-MIAD National Irrigation Authority - Mwea Irrigation Agricultural Development (MIAD) Centre, 2 ISRA 

Institut Sénégalais De Recherche Agricole, $ Weather data: required Temperature (max, min), solar radiation, 

vapor pressure, wind speed, rainfall, & Soil data: Physical (texture and particle size, bulk density), chemical 

(pH, organic matter,  organic carbon, organic nitrogen, total nitrogen), and hydrological (saturated hydraulic 

conductivity, saturated volumetric water content, volumetric water content at field capacity, volumetric water 

content at wilting point, volumetric water content at air dryness). # Variety: Yield is generated for a dominant 

rice variety. 
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3. Validation of the Andhra Pradesh, India  Site  

3.1. Site  

Rice is a major cereal crop and staple food in eastern and southern India, where most farmers 

depend solely on rice for their livelihood. In India, about half of the total area under rice crops is irrigated and 

is grown in bunded fields. Other rice crops are grown under rainfed upland and lowland systems, with diverse 

soil and climatic conditions. The lowland system can be favourable, drought-prone, or submergence-prone. 

In some areas, rice is cultivated in flood-prone ecosystems, where flood is an integral part of the system, 

which requires specific cropping techniques. The State of Andhra Pradesh (Figure 3.1.) is situated along the 

Bay of Bengal Coast in the southeastern part of India. Andhra Pradesh is characterised by a semi-arid, moist 

to dry, sub-humid climate, and has approximately 4 million hectares under rice, which is mainly irrigated (40% 

of the cultivated area).  The rice is grown in the Kharif (wet) season from June to October/ November and in 

the Rabi (dry) season from October to April. Two types of crop establishment methods are normally used: 

direct seeded and transplanting. The average productivity is about 3 tonnes/ha. The major constraints in 

production are biotic stresses such as bacterial leaf blight, gall midge and sheath blight and abiotic stresses 

like water scarcity, recurrence of droughts and severe cyclonic storms and floods, low fertility red lateritic and 

black soil, with salinity issues, especially in coastal districts. In 2019, during July to September, Andhra 

Pradesh (with 13 other Indian states) was affected by widespread flooding, due to excessive rains and 

overflow of the Godavari River. It was the heaviest monsoon in the last 25 years. Excessive water affected 

approximately 180,000 hectares of Kharif (wet season) crops, including essential crops like paddy rice, 

maize, soybean, cotton, pulses. Main damages resulted from water logging, pest outbreaks, and fungal 

diseases, causing significant yield losses. 

 

Figure 3.1.  The Srikakulam district of Andhra Pradesh, India 

3.2. Rice CRISP products  

As part of the CRISP workflow, three rice-related products were derived for the Andhra Pradesh site: 

the rice area (RA), the Start-of-Season (SoS), and the flood extent for the 2018 wet season. The flood product 

was generated with Sentinel-1 data acquired pre flood and TerraSAR-X data acquired post flood. No rice 

yield was generated for this site. The products are shown in Figures 3.2ï3.4. 
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3.2.1. Rice Area  

The total rice area mapped by the CRISP algorithm in the Srikakulam district during the 2018 Kharif (wet) 

season was 214,181 ha (Figure 3.2). The overall distribution reflects a concentration of rice cultivation in the 

central and coastal parts of the district, supported by irrigation infrastructures (canals, tanks and bore holes), 

or significant seasonal rainfall in rainfed lowlands. The largest rice areas were recorded in Jalumuru, 

Narasannapeta, Kothuru, Pathapatnam, and Tekkali  blocks, each exceeding 8,000 ha (Table 3.1), while 

smaller areas (<3,000 ha) occurred in Kaviti, Laveru, and Vangara bloks which are smaller or having other 

Kharif crops such as groundnut, sugarcane, oilseeds, cashew. Spatial variations highlight the influence of 

topography and irrigation infrastructure on the extent of rice cultivation across the district. 

 

Figure 3.2.  Spatial distribution of CRISP-derived rice area across the Srikakulam district, Andhra Pradesh, 

India for the 2018 Kharif (wet) season 

3.2.2. Start of Season  

The start-of-season (SoS) analysis indicated that rice establishment followed the onset of the south-west 

monsoon (Figure 3.3 and Table 3.1). The rice area expanded sharply from June (13,279 ha; 6.2%) to July 

(75,763 ha; 35.4%), reaching its maximum in August (124,303 ha; 58.0%), when most transplanting occurred. 

Only a small portion of fields (836 ha; 0.4%) was sown in September, representing late-season rice which 

might be planted in rainfed lowland or tail-end of canal irrigated rice fields. The SoS distribution suggests that 

about 93% of rice in Srikakulam was established between July and August, reflecting the districtôs strong 

dependence on monsoon rainfall and irrigation scheduling for timely field preparation and planting. 
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Figure 3. 3. Start-of-Season spatial distribution of CRISP-derived rice area across the Srikakulam district, 

Andhra Pradesh, India for the 2018 Kharif (wet) season 

Table 3.1.  Start of season-wise rice area estimates in Srikakulam district, 2018 Kharif (wet) season 

Block  June  July  August  September  Total  

Amadalavalasa 239 4386 2640 14 7279 

Bhamini 79 836 1997 3 2915 

Burja 345 1298 3815 9 5467 

Etcherla 158 578 2413 13 3162 

Ganguvarisigadam 46 690 3860 47 4642 

Gara 328 1472 5652 9 7461 

Hiramandalam 351 2041 654 1 3047 

Ichchapuram 399 983 3734 2 5118 

Jalumuru 546 7516 1789 6 9856 

Kanchili 995 133 5031 2 6161 

Kaviti 308 513 1395 2 2219 

Kotabommali 185 4372 3375 20 7952 

Kothuru 1528 2185 3887 4 7605 

Lakshminarsupeta 36 2118 1780 36 3969 

Laveru 370 738 1674 31 2814 

Mandasa 557 228 5146 143 6075 

Meliaputti 572 1034 4274 52 5933 

Nandigam 170 1489 6428 13 8101 

Narasannapeta 170 4923 3346 1 8441 

Palakonda 433 1621 3756 1 5811 

Palasa 307 305 4837 65 5514 

Pathapatnam 620 4167 1661 13 6461 

Polaki 67 3081 5063 69 8279 
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Ponduru 230 3154 1588 28 5000 

Rajam 115 1285 3379 37 4816 

Ranastalam 304 214 1508 12 2039 

Regidi Amadalavalasa 418 984 3465 45 4912 

Santhabommali 157 3457 4916 47 8576 

Santhakaviti 92 2296 4127 20 6535 

Saravakota 459 4860 2251 8 7578 

Sarubujjili 595 2456 2631 1 5683 

Seethampeta 165 370 1309 11 1855 

Sompeta 830 167 4408 14 5420 

Srikakulam 190 4071 3060 7 7329 

Tekkali 356 2422 5605 39 8421 

Vajrapukothuru 62 354 3542 5 3963 

Vangara 305 1016 1444 3 2768 

Veeraghattam 192 1949 2863 1 5004 

Srikakulam District  13279 (6.2%) 
75763 

(35.4%) 

124303 

(58.0%) 
836 (0.4%) 214181 

 

Figure 3.4.  Spatial distribution of flood-affected and rice-flooded areas in Srikakulam District during the 

2023 Kharif (wet) season derived from CRISP flood maps 

3.2.3. Area affected by flood  

Flooding was most common in the central and eastern parts of the district, especially near the 

Vamsadhara River and its irrigation network. Overlaying the rice map with the flood map showed that around 

72,105 ha (33.7%) of rice area was flooded for at least three days during the season (Table 3.2), as detected 

from the TerraSAR-X satellite image acquired close to the cyclone event. The remaining 142,077 ha (66.3%) 

of rice fields were reported as non-flooded. The highest flooded rice areas reported (>50%) were in 

Santhabommali, Kothuru, Pathapatnam, and Jalumuru blocks, located in lowland and river basins. In 

contrast, Kanchili, Mandasa, and Laveru had less than 5% flooded rice, mainly due to their upland terrain 

position and limited water retention capacity. 
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Table 3.2. Total flooded and rice-flooded area in Srikakulam district during the 2023 Kharif (wet) season 

Block  
Total Rice 

Area (ha)  

Flooded Rice  
(ha & %)  

Rice Not 

Flooded (ha)  

Amadalavalasa 7279 2438 (33.5) 4841 

Bhamini 2915 1116 (38.3) 1799 

Burja 5467 2433 (44.5) 3034 

Etcherla 3162 376 (11.9) 2786 

Ganguvarisigadam 4642 433 (9.3) 4209 

Gara 7461 2747 (36.8) 4714 

Hiramandalam 3047 1493 (49.0) 1554 

Ichchapuram 5118 905 (17.7) 4213 

Jalumuru 9856 6427 (65.2) 3429 

Kanchili 6161 73 (1.2) 6088 

Kaviti 2219 183 (8.2) 2038 

Kotabommali 7952 3789 (47.6) 4163 

Kothuru 7605 4307 (56.6) 3298 

Lakshminarsupeta 3969 2567 (64.7) 1403 

Laveru 2814 77 (2.7) 2737 

Mandasa 6075 114 (1.9) 5961 

Meliaputti 5933 385 (6.5) 5548 

Nandigam 8101 1689 (20.8) 6412 

Narasannapeta 8441 3930 (46.6) 4511 

Palakonda 5811 3374 (58.1) 2437 

Palasa 5514 120 (2.2) 5394 

Pathapatnam 6461 3147 (48.7) 3314 

Polaki 8279 2735 (33.0) 5545 

Ponduru 5000 1421 (28.4) 3579 

Rajam 4816 372 (7.7) 4444 

Ranasthalam 2039 74 (3.6) 1965 

Regidi Amadalavalasa 4912 1616 (32.9) 3296 

Santhabommali 8576 4657 (54.3) 3919 

Santhakaviti 6535 1596 (24.4) 4939 

Saravakota 7578 4433 (58.5) 3145 

Sarubujjili 5683 4189 (73.7) 1494 

Seethampeta 1855 327 (17.6) 1527 

Sompeta 5420 646 (11.9) 4774 

Srikakulam 7329 2203 (30.1) 5126 

Tekkali 8421 3709 (44.0) 4712 

Vajrapukothuru 3963 465 (11.7) 3498 

Vangara 2768 181 (6.5) 2588 

Veeraghattam 5004 1465 (29.3) 3539 

Srikakulam District  214181 72105 (33.7) 142077 (66.3) 
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3.3. Data used for CRISP products validation  

A total of 178 ground reference points were collected across the Srikakulam district during the 2018 

Kharif season (Figure 3.5). The points were acquired during two different periods. The first set comprised 

rice and non-rice fields collected during the mid-season to validate the rice area map. Since rice is the 

dominant crop during the wet season in Srikakulam, the field team could only collect a limited number of non-

rice crop points (mainly cotton and maize). To balance the rice versus non-rice dataset, additional non-rice 

points representing permanent non-rice land covers such as cashew and coconut plantations and barren 

land were added and photo interpreted from very high-resolution images. The second set of points was 

collected immediately after the cyclone event, targeting flooded and non-flooded rice and non-rice fields to 

validate the flood extent map. All ground truth points were independent of the calibration dataset used in 

CRISP product generation and were used exclusively for validation. 

Figure 3.5.  Distribution of collected ground truth points across Srikakulam district used for validation of 

CRISP rice area and flood maps during the 2018 Kharif season. 

3.4. Results of CRISP products validation  

3.4.1. Rice area  

The rice classification map generated by the CRISP algorithm achieved a high overall accuracy of 

94.2% and a Kappa index of 0.88, indicating strong agreement with field observations (Table 3.3). Rice fields 

were mapped with both producerôs and userôs accuracy of 95.5%, while non-rice fields achieved producerôs 

and usersô accuracy of 91.9%. The classification demonstrates excellent consistency across classes, with 

only minimal misclassification between rice and non-rice areas. Some isolated misclassified pixels were 

visible along field boundaries or in mixed-cropping zones, giving a slight salt-and-pepper appearance; 

however, these minor errors did not significantly affect the overall rice extent estimation. 
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Table 3.3. Confusion matrix for the CRISP rice area and flood classifications, 2018 Kharif season, Srikakulam 

district.  

CRISP Rice map  CRISP Flood map  

Predicted class from the map Predicted class from the map 

  Rice 
Non-

rice  
Accuracy    Flood  

Non-

flood  
Accuracy  

Actual 

class 

(survey) 

Rice 64 3 95.5% Actual 

class 

(survey) 

Flood  35 7 83.3% 

Non-rice  3 34 91.1% Non-flood  5 27 84.4% 

  Reliability  95.5% 91.9% 94.2%   Reliability  87.5% 79.4% 83.8% 

Average accuracy 93.7%   Average accuracy 83.9%   

Average reliability 93.7%   Average reliability 83.5%   

Overall accuracy  94.2% Overall Accuracy   83.8% 

Kappa index 0.88   Kappa index 0.68   

3.4.2. Flood map  

The validation of the CRISP-derived flood map showed an overall accuracy of 83.8% and a Kappa 

index of 0.68, indicating good agreement between satellite-derived flood extents and ground observations 

(Table 3.3). Flooded areas were mapped with a producerôs accuracy of 83.3% and a userôs accuracy of 

87.5%, while non-flooded areas achieved a producerôs accuracy of 84.4% accuracy. Most discrepancies 

occurred in areas affected by short-duration floods (less than 2 days) or partial submergence, which were 

not detected at the time of the satellite image acquisition. Despite these minor inconsistencies, the CRISP 

flood map effectively represented the spatial distribution and extent of inundation, especially within the major 

lowland and canal-irrigated areas of the district. 
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4. Validation of the Mwea, Kenya site  

4.1. Site  

Rice is one of Kenyaôs most important grains and has become a key staple food in urban areas. The 

quantity of rice produced nationally in 2019 was 80,000 tons, while consumption reached 710,000 tons, 

indicating that the rice consumption in Kenya is heavily reliant on international markets. Most of the rice 

production is irrigated and originates from eight irrigation schemes, amongst which the Mwea Irrigation 

Scheme is the most important with about 10000 ha. Mwea is in the Kirinyaga County, 100 km north-west of 

Nairobi, and south of Mount Kenya. It is the oldest and largest schemes among the four major gravity-based 

irrigation schemes in Kenya and produces 80% of the rice produced in the country. The scheme lies along 

the drainage basins of the rivers Nyamindi and Thiba which supply the irrigation water through gravity. The 

scheme practices two and half production seasons in a year: (1) a main season (July to December), and a 

ratoon crop (or regrowth) from December to February; and (2) a second season (March to July). Depending 

on weather conditions, the area being cultivated from March to July varies from 2000 to 4000 ha. The main 

varieties produced in MIS are Basmati 370, Komboka and newly introduced hybrid varieties i.e., Arize Tej 

Gold & Arize 6444 Gold. Yields typically varies between 5 and 6 t/ha. 

4.2. Rice CRISP products  

As part of the CRISP workflow, three rice-related products were derived for the Mwea site: the rice 

area (RA), start-of-season (SoS), and rice yield for the 2023 wet season (JulyïDecember). These products 

are shown in Figures 4.2ï4.4. 

 

Figure  4.1. The Mwea Irrigated Scheme (MIS) site, Kenya 

4.3. Rice CRISP products  

As part of the CRISP workflow, three rice-related products were derived for the Mwea site: the rice 

area (RA), start-of-season (SoS), and rice yield for the 2023 wet season (JulyïDecember). These products 

are shown in Figures 4.2ï4.4. 
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4.3.1. Rice Area  

The CRISP-derived rice area map (Figure 4.2) shows that the total rice extent across the Mwea 

Irrigation Scheme (MIS) during the 2023 main season was 12,231 ha (Table 4.1). Rice cultivation was heavily 

concentrated in the southern and central blocks, particularly Wamumu (4,076 ha) and Thiba (2,615 ha), which 

together contributed nearly 55% of the total rice area. These two wards form the core production zones of 

MIS, which might benefit from a stable irrigation supply and well-established canal infrastructure. Substantial 

rice area was also mapped in Gathigiriri (1,935 ha) and Mutithi (1,781 ha), located on the eastern and western 

sides of the scheme, respectively. Moderate extents were observed in Tebere (1,183 ha) and Kangai (293 

ha), while smaller, more fragmented fields were detected in Murinduko (117 ha) and Nyangati (231 ha). This 

spatial pattern possibly reflects the hierarchical water distribution within MIS, where upstream and centrally 

located wards typically receive more reliable irrigation flows than those at the MIS boundary area. 

 

Figure 4.2.  Spatial distribution of CRISP-derived rice area, Mwea Irrigated Scheme, 2023 main season 

4.3.2. Start of Season (SoS)  

The CRISP-derived SoS product (Figure 4.3) reveals a clear temporal pattern in planting across MIS. 

July was the dominant planting month, accounting for 5,435 ha (44.4%), indicating that nearly half of the 

scheme began transplanting early in the season. September plantings represented the second-largest share 

at 4,710 ha (38.5%), while August plantings covered 2,087 ha (17.1%) (Table 4.1). At the ward level, early 

planting was most prominent in Mutithi (56.5%), Thiba (56.4%), and Wamumu (40.4%), reflecting coordinated 

irrigation scheduling, timely land preparation, and early access to water in these blocks. Conversely, Nyangati 

(72.3%), Tebere (56.0%), and Murinduko (45.3%) showed predominantly late (September) planting. These 

delays may reflect water allocation constraints in downstream or tail-end sections of the irrigation network or 

slower field preparation in smaller, fragmented holdings. The spatiotemporal variability captured by CRISP 

highlights the operational dynamics of MIS, where planting schedules differ across irrigation blocks 

depending on water delivery timing, canal proximity, and management practices. 
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Table 4.1.  Ward-wise rice area (ha, %) by start-of-season month and rice yield (t/ha) derived from CRISP 

products for Mwea, 2023 main season 

Wards  SoS date -wise Rice Area in ha and (%)  Rice Yield 

(t/ha)   Jul  Aug  Sep Total  

Gathigiriri 906 (46.8) 404 (20.9) 625 (32.3) 1935 4.44 

Kangai 93 (31.7) 93 (31.7) 107 (36.5) 293 4.44 

Murinduko 26 (22.2) 38 (32.5) 53 (45.3) 117 4.46 

Mutithi 1,006 (56.5) 198 (11.1) 576 (32.3) 1781 4.45 

Nyangati 8 (3.5) 55 (23.8) 167 (72.3) 231 4.45 

Tebere 271 (22.9) 250 (21.1) 662 (56.0) 1183 4.45 

Thiba 1,475 (56.4) 408 (15.6) 732 (28.0) 2615 4.45 

Wamumu 1,648 (40.4) 640 (15.7) 1,788 (43.9) 4076 4.47 

Mwea Total  5,435 (44.4) 2,087 (17.1) 4,710 (38.5) 12231 4.45 

 

Figure 4.3.  Start of season (SoS) distribution of rice fields in Mwea Irrigated Scheme (MIS) for the 2023 

wet season. 

4.3.3. Rice Yield  

The CRISP-estimated yield map (Figure 4.4) showed a uniform yield distribution across the Mwea 

region, with an average of 4.45 t/ha (Table 4.1). Yields were consistent across most wards, varying only 

between 4.44 and 4.47 t/ha. This suggests uniform agronomic performance and water availability during the 

wet season. In addition, the site extents over a relatively small area (10x10 km), with small variability in 

weather and soil conditions, while settings are used for a dominant variety and general agronomic / crop 

management. This may also explain some limited yield variability recorded in the yield model over Mwea. 

Overall, the yield patterns indicate stable production levels across Mwea, consistent with the controlled 

irrigation practices of the National Irrigation Authority. 
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Figure 4.4.  CRISP-derived rice yield distribution for Mwea Irrigated Scheme during the 2023 main season 

4.4. Data used for CRISP products validation  

A total of 109 ground truth points were collected across the irrigation scheme area, comprising 77 

rice and 32 non-rice samples (Figure 4.5). As the region is only irrigated, rice fields occupied most of the 

area during the 2023 main season. Non-rice fields were generally small, limited and primarily located along 

the outer boundaries of the main irrigation parcels. Non-rice plots were mainly planted with maize, along with 

a few vegetable crops such as tomato and beans. In addition to the field validation dataset, 60 crop cutting 

experiments or CCEs were conducted at rice maturity across the irrigation scheme. These CCE observations 

served as an independent reference for validating the CRISP-derived rice yield map for the 2023 main 

season. 

4.5. Results of CRISP products validation  

4.5.1. Rice area  

The classification achieved an overall accuracy of 92.7% and a Kappa index of 0.85, indicating a 

very strong agreement with the field data (Table 4.2). Rice fields were mapped with 93.5% accuracy, while 

non-rice areas achieved 90.6% accuracy, reflecting a well-balanced performance across both classes. The 

CRISP platform exhibited high-class reliability, with 96.0% userôs accuracy for rice and 85.3% for non-rice, 

demonstrating some limited rice omission and strong discrimination of non-rice features in the MIS. The 

12,231 ha of planted rice recorded by CRISP in MIS is coherent with the estimate generated by the National 

Irrigation Authority which identified 11655 ha for the main season in 2023 (Vincent, Kipngetich, personal 

communication). CRISP would slightly overestimate the scheme of about 5%. 

To further assess spatial consistency, the CRISP rice map was compared with the Africa 20 m rice 

map produced for the same 2023 wet season (Jiang et al., 2025). The Africa 20 m map showed substantially 

lower agreement with the validation field dataset, achieving an overall accuracy of 71.6%, and a Kappa of 

0.43 (Table 4.3). This is primarily due to higher rice omission with only 50.9% of userôs accuracy for the non-
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rice class. This high omission of rice fields is particularly noticeable in the eastern part of the scheme, such 

as the eastern section of the Wamumu Ward and the Gathigiriri Ward (Figure 4.6). 

 

Figure 4.5. Spatial distribution of validation points (rice and non-rice) used for CRISP rice map validation in 

the Mwea Irrigated Scheme, 2023 main season. 

Ward-level comparisons (Table 4.3) showed that the combined rice area detected by both maps was 

13,114 ha, of which 7,270 ha (55.4%) were mapped by both products. The CRISP map uniquely identified 

4,963 ha (37.8%), whereas the Africa 20 m product uniquely mapped 881 ha (6.7%). The strongest 

agreement occurred in Wamumu and Thiba, where more than half of the mapped area overlapped, reflecting 

greater consistency in core rice producing blocks. In contrast, wards such as Nyangati and Murinduko 

showed minimal overlap possibly due to more fragmented field patterns and mixed land cover that likely 

challenge the coarser continental-scale product. The Africa 20 m map missed large rice sections as evident 

in Figure 4.6, and in the comparison with the official boundaries of the scheme (Figure 4.7). In addition, the 

20m Africa rice map identified rice patches in the western part of MIS, relatively far form the core MIS 

sections, and which are very unlikely to occur. Overall, the CRISP-derived rice map demonstrated a more 

accurate and spatially consistent delineation of rice extent than Jiang et al Africa 20m rice map. Its higher 

accuracy, stronger reliability, and better spatial alignment with known scheme boundaries (Figure 4.7) 

illustrate its suitability for local-scale monitoring and management applications. 

Table 4.2. Confusion matrix for the rice area classification produced at the African continental level (Jiang et 

al. 2025) and in the Mwea Irrigated Scheme, wet season of 2023. Validation used the same 2023 field-

collected points discussed in section 4.3. 

CRISP Rice map  Africa 20M Rice map (Jiang et al., 2025)  

Predicted class from the map Predicted class from the map 

  Rice 
Non-

rice  
Accuracy    Rice 

Non-

rice  
Accuracy  

Actual 

class 
Rice 

72 5 93.5% Actual 

class 
Rice 

49 28 63.6% 
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from 

survey 

from 

survey 

 Non-rice  3 29 90.6%  Non-rice  3 29 90.6% 

  Reliability  
96.0% 85.3% 92.7% 

  Reliability  
94.2% 50.9% 71.6% 

Average accuracy 92.1%    77.1%   

Average reliability 90.6%    72.6%   

Overall accuracy  92.7%    71.6%  

Kappa index 0.85    0.43   

Table 4.3. Ward-wise comparison of rice area mapped by the CRISP rice map and the Africa 20 m rice map 

(Jiang et al., 2025) for the main season of 2023, and from Mwea Irrigated Scheme 

Wards  
Rice Area in ha  and (%) 

Only in CRISP  Only in Africa 20m  Both  Total  

Gathigiriri 1,298 (67.0%) 4 (0.2%) 636 (32.8%) 1,938 

Kangai 218 (70.1%) 17 (5.5%) 77 (24.8%) 311 

Murinduko 112 (88.9%) 7 (5.6%) 6 (4.8%) 126 

Mutithi 188 (8.2%) 510 (22.2%) 1,596 (69.6%) 2,293 

Nyangati 229 (95.0%) 12 (5.0%) 0 (0.0%) 241 

Tebere 1,020 (77.0%) 142 (10.7%) 163 (12.3%) 1,325 

Thiba 489 (18.2%) 73 (2.7%) 2,127 (79.1%) 2,689 

Wamumu 1,410 (33.6%) 116 (2.8%) 2,665 (63.6%) 4,191 

Mwea Total  4,963 (37.8%) 881 (6.7%) 7,270 (55.4%) 13,114 

 

Figure 4.6. Rice area generated by the CRISP platform and the African continental level (Jiang et al., 

2025) for the main season of 2023 in Mwea Irrigated Scheme 
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Figure 4. 7. Comparison of the CRISP rice area map and rice area map produced at the African continental 

level by Jiang et al. (2025) for the main season of 2023 in Mwea Irrigated Scheme (MIS). 

4.5.2. Rice area  

The validation of the spatially-explicit yield generated by CRISP was carried out with 60 CCEs fields 

surveyed in the Mwea irrigation scheme during the main season 2023 (at harvest time). The CRISP yield 

estimates were compared with the CCE data, as shown in Table 4.4. Only 47 CCEs were used as some 

fields were affected by heavy crop lodging due to heavy rainfall and wind during the harvest and the crop cut 

exercise. No CCEs were available for the Kangai, Nyangati, Muthiti, and Murinduko Wards. The comparison 

between CRISP model yield estimates and actual CCE data across the four locations shows that the model 

generally underestimates rice yield. On average, CRISP predicts 4.47 t/ha, while the observed CCE yield is 

5.28 t/ha, indicating an underestimation of about 0.81 t/ha. The NRMSE varied across wards, between 12 

and 22%, and an average of 18%. The CCE yields generally had a higher range of variability from 4 to 7 t/ha 

across the fields, with an average of 5.2 t/ha. 

Table 4.4.  Comparison of rice yield CCEs with rice yield predicted in the Mwea Irrigated Scheme (MIS), 

during the 2023 wet season. 
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Location  No. Of CCE data  
Average CRISP 

estimates (t/ha)  

CCE data 

(t/ha)  

RMSE 

(t/ha)  

NRMSE 

(%) 

Gathigiriri 9 4.44 5.40 0.96 22 

Thiba 17 4.45 5.40 0.95 21 

Wamumu 21 4.47 5.30 0.83 19 

Tebere 1 4.45 5.00 0.55 12 

AVERAGE 47 4.47 5.28 0.81 18 
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5. Validation of the Luzon, Philippines site  

5.1.  Site  

The Philippines is an important rice producer ranking among the top 10 globally (20.06 million tons 

in 2023), but also a key importer to meet domestic demand. There are two major rice seasons in the country 

based on the amount of rainfall, the wet season from June to November and dry season from December to 

May. The estimated national average yield of paddy rice is around 4.2 t/ha with peaks up to 6-7t/ha. The 

major rice-producing regions are Central Luzon, Cagayan Valley, Eastern Visayas, and Bicol. The Philippines 

are vulnerable to drought and flood. At least 20 typhoons occur annually particularly during the wet season 

when most rice areas are planted. Most of the farmers produce irrigated lowland rice where the soil is soaked 

before ploughing, followed by harrowing, and transplanting of seedlings. Direct seeding is also practised 

during the dry season. During the dry season of 2018-19 the Philippines farmers were affected by a drought 

due to a weak El Niño event. Early signals started in October prior to the rice establishment and peaked in 

March and April 2019 with widespread drought conditions affecting over 75% of the provinces. Crop damages 

were estimated to amount around USD 157 million and crop production suffered a decrease of 20% across 

the country. Damages were particularly important in major agricultural regions like the Cordillera 

Administrative Region and parts of Central Luzon (Figure 5.1) and threatened food security for vulnerable 

farming households. 

 

Figure 5.1.  The Luzon site and Cagayan province, Philippines 

5.2.  Rice CRISP products  

As part of the CRISP standard algorithm, rice products were generated for the Luzon site covering 

selected Municipalities for the dry season of 2017-18 and of 2018-19.  Rice Area and yield were mapped for 

the Cagayan Province (Figures 5.2-5.3, 5.5). The dry season of 2017-18 served as a referenced year as it 

was not affected by drought conditions. 

5.2.1. Rice Area  
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During the 2017-18 dry season, the total rice area across the selected municipalities of northern 

Luzon (Cagayan, Apayao, Kalinga, and Isabela provinces) was 88,312 ha (Figure 5.2 and Table 5.1). Larger 

rice areas were concentrated in municipalities situated along the Cagayan River, which generally have 

extensive irrigated lowlands compared to the hilly upland zones, where agricultural land is more restricted. 

The municipalities of Solana (11,269 ha), Aparri (7,864 ha), Amulung (7,427 ha), and Lasam (6,186 ha) 

accounted for the largest share of dry-season rice cultivation in 2017-18. The 2017-18 season was 

considered a normal year, with favourable conditions for crop establishment and sufficient water availability 

across most of the Cagayan Valley. In the 2018-19 dry season, the total rice area increased to 96,359 ha, 

reflecting an overall 9.1% expansion despite the occurrence of early season drought conditions (Figure 5.3). 

Municipalities situated near the Cagayan River, particularly Solana (11,882 ha), Aparri (10,281 ha), and 

Amulung (8,253 ha), continued to report the largest rice areas in 2018-19. Nearly all municipalities recorded 

an increase in rice area between the two seasons. While Aparri experienced the largest absolute increase 

(+2,417 ha; +30.7%), notable gains were also observed in municipalities with comparatively smaller rice 

areas. These include Pinukpuk (+105 ha; +16.2%), Piat (+216 ha; +29.6%), Santa MariaïIsabela (+194 ha; 

+47.3%), Pudtol (+316 ha; +41.7%), and Tuguegarao City (+310 ha; +46.5%).  

 

Figure 5.2.  Rice area over the Cagayan Province in Luzon, Philippines, during the 2017ï18 (normal year, 

left) and 2018ï19 (drought year, right) dry seasons 

Despite the early-season rainfall deficit in 2018-19 compared to the previous year (Figure 5.3), the 

total CRISP estimated rice area was slightly higher than in a normal year (2017-18), although the increase 

may also be mostly attributed to the margin error of the rice area extraction. It may in addition indicate the 

resilience of the rice cultivation in northern Luzon, which largely benefit from irrigated water from canals and 

shallow pumps.  
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Figure 5.3.  Monthly rainfall (CHIRPS) and temperature (ERA5) patterns comparing 2017ï18 (normal year, 

left) and 2018ï19 (drought year) dry seasons in northern Luzon 

Table 5.1.  Municipality-wise rice area estimated from CRISP rice maps from selected Municipalities in 

Cagayan Province, Luzon, Philippines during 2017-18 (normal) and 2018-19 (drought) dry seasons 

Municipality  Province  
CRISP estimated Rice Area (ha)  

2017ï18 2018ï19 Area Change ha (%)  

Abulug Cagayan 4914 5051 137 (2.8%) ŷ 

Alcala Cagayan 3725 4153 428 (11.5%) ŷ 

Allacapan Cagayan 5867 5927 60 (1.0%) ŷ 

Amulung Cagayan 7427 8253 826 (11.1%) ŷ 

Aparri Cagayan 7864 10281 2417 (30.7%) ŷ 

Ballesteros Cagayan 4457 4592 136 (3.0%) ŷ 

Buguey Cagayan 4563 4637 74 (1.6%) ŷ 

Camalaniugan Cagayan 4753 4715 -38 (-0.8%) Ź 

Conner Apayao 442 494 52 (11.8%) ŷ 

Enrile Cagayan 2461 2787 327 (13.3%) ŷ 

Flora Apayao 3087 3145 58 (1.9%) ŷ 

Iguig Cagayan 903 1025 122 (13.5%) ŷ 

Lasam Cagayan 6186 6324 139 (2.2%) ŷ 

Luna Apayao 2063 2354 290 (14.1%) ŷ 

Pamplona Cagayan 3554 3900 346 (9.7%) ŷ 

Piat Cagayan 729 945 216 (29.6%) ŷ 

Pinukpuk Kalinga 649 753 105 (16.2%) ŷ 

Pudtol Apayao 758 1074 316 (41.7%) ŷ 

Rizal Cagayan 202 268 66 (32.7%) ŷ 

Santa Marcela Apayao 2835 2878 43 (1.5%) ŷ 

Santa Maria Isabela 410 604 194 (47.3%) ŷ 

Santa Teresita Cagayan 1941 2007 66 (3.4%) ŷ 

Santo Niño Cagayan 1942 2142 200 (10.3%) ŷ 

Solana Cagayan 11269 11882 613 (5.4%) ŷ 

Tuao Cagayan 4647 5189 542 (11.7%) ŷ 

Tuguegarao City Cagayan 666 976 310 (46.5%) ŷ 

Total   88,312 96,359 8,047 (9.1%) ŷ 
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 5.2.2. Rice Start -of -season  

During the 2017-18 dry season, rice planting was concentrated almost entirely within the typical 

DecemberïFebruary window, accounting for nearly all the 88,312 ha cultivated that season (Table 5.2; Figure 

5.5). January was the peak planting month, with 41,013 ha (46.4%), followed by 29,315 ha (33.2%) in 

December and 17,984 ha (20.4%) in February. No planting occurred outside this three-month window, 

indicating a highly synchronised and favourable establishment period, likely supported by timely irrigation 

release or adequate residual soil moisture. This narrow and uniform pattern suggests consistent planting 

behaviour across the region. In contrast, the 2018-19 dry season exhibited a more extended and irregular 

planting pattern across a total of 96,359 ha, likely influenced by delayed water availability and early-season 

drought conditions. Although January remained the dominant month with 58,871 ha (61.1%), December 

planting dropped sharply to 6,307 ha (6.5%), and February contributed 11,813 ha (12.3%). Planting 

continued well beyond the normal window, with substantial areas established in March (8,517 ha; 8.8%), and 

additional late planting in April (3,851 ha; 4.0%), May (1,620 ha; 1.7%), and June (933 ha; 1.0%). This 

extended distribution indicates that many farmers postponed planting, likely in response to delays in irrigation 

release and sporadic rainfall events. 

 

Figure 5. 4. Start of Season wise rice area over the Cagayan Province in Luzon, Philippines, during the 

2017ï18 (normal year, left) and 2018ï19 (drought year, right) dry seasons 




















































