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Figure S1. Harvested area of rice paddy fields for countries in monsoon Asia in 2019 and 2020. The data in this 

figure was derived from FAOSTAT (https://www.fao.org/faostat/en/#data) with last update on December 23, 

2022 and access on 1 January 2023.

https://www.fao.org/faostat/en/#data
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Figure S2. Example of the effect of sampling numbers in rice paddy fields (10, 20, 30, 40, and 50) for extracting 

phenological dates. X-axis denotes the days from 1 January 2019 to 31 December 2020, and Y-axis denotes the 

smoothed EVI values. The red line denotes the smoothed EVI values. The number in each panel denotes the 

extracted peak EVI days. 
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Figure S3. Example of the number of rice cropping season detection using Weibull function implemented via the 

“cardidates” package in R, and comparison of the parameters for detection. X-axis denotes the days from 1 

January 2019 to 31 December 2020, and Y-axis denotes the smoothed EVI values. The peakwindow function 

was used to identify the number of peaks from smoothed EVI time series (e.g., Philippines (16.25°N, 121.75E°)) 

(a), even though there is an incomplete downward-opening shape (e.g., Philippines (7.25°N, 124.25E°)) (b). 

Comparison of the mincut setting on number of rice cropping season detection (e.g., Philippines (7.25°N, 

124.25E°), the number of rice cropping seasons was 5 when mincut equals 0.9 (c1), whereas the number of rice 

cropping seasons was 3 when mincut equals 0.8 (c2). Similarly, comparison of the minpeak setting on the 

number of rice cropping seasons detection (e.g., Philippines (8.25°N, 122.25E°)), the number of rice cropping 

seasons was 4 when minpeak equals 0.6 (d1), whereas the number of rice cropping seasons was 3 when minpeak 

equals 0.7 (d2). 



5 
 

 
Figure S4. Comparison in mincut and minpeak values in peakwindow function of “cardidate” R package. The mincut and minpeak values are 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 

0.8, and 0.9. The two grids are located at 7.25°N, 124.25E° and 15.75°N, 119.75E° in the Philippines.
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Figure S5. Distribution of transplanting and harvesting dates for three groups. Blue and orange represent the 

transplanting date and the harvesting date, respectively.
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Figure S6. Transplanting and harvesting dates from the RiceAtlas. The gradient from blue to red in the legend 

denotes the respective transplanting and harvesting dates.
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Figure S7. Transplanting and harvesting dates from the RICA. The gradient from blue to red in the legend 

denotes the respective transplanting and harvesting dates. 
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Figure S8. Transplanting and harvesting dates from the SAGE. The gradient from blue to red in the legend 

denotes the respective transplanting and harvesting dates. 
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Figure S9. Area of each grid cell (0.5°) on the ellipsoidal earth within the study area (10° S to 53.5° N, 61° E to 

153° E). 

 



11 
 

 

Figure S10. Detected number of rice cropping seasons in 2019 (a) and 2020 (b), and difference in number of 

rice cropping seasons during the two years (c). 
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S1. Performance of the proposed rice calendar 

The performance of the proposed rice calendar in determining the transplanting and harvesting dates was 

assessed using the coefficient of determination (R2), bias error (Bias), Mean Absolute Error (MAE), and Root 

Mean Square Error (RMSE) which were calculated as follows: 
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where 𝑦𝑖  and �̅� are the phenological dates from the proposed rice calendar for sample grid (i) and the 

corresponding mean value, respectively, 𝑠𝑖  and �̅� are the phenological dates from the reference rice calendar for 

sample grid (i) and the corresponding mean value, respectively, and 𝑛 represents the number of sampled 

phenological dates. 

 

S2. Optimal time window for transplanting and harvesting dates detection 

To identify the optimal time window for detection of the transplanting and harvesting dates, the time window for 

detection of the minimum VH was set from 120 days before the date of peak EVI to 45 days before the date of 

peak EVI (𝐷𝑂𝑌𝐸𝑉𝐼𝑚𝑎𝑥
), or from the first day of EVI arc (𝐷𝑂𝑌𝐸𝑉𝐼 𝑎𝑟𝑐𝑓𝑖𝑟𝑠𝑡 𝑑𝑎𝑦

) to 45 days before the date of peak 

EVI. The time window for detection of the peak NDYI was set from 13 days after the peak EVI date to 55 days 

after the date of peak EVI, or from 13 days after the peak EVI date to the last day of the EVI arc  

(𝐷𝑂𝑌𝐸𝑉𝐼 𝑎𝑟𝑐𝑙𝑎𝑠𝑡 𝑑𝑎𝑦
). It can be shown as follow table. 

Table S1. Optimal time window for transplanting and harvesting dates detection 

Time window Transplanting date Harvesting date 

1 [𝐷𝑂𝑌𝐸𝑉𝐼𝑚𝑎𝑥
− 120, 𝐷𝑂𝑌𝐸𝑉𝐼𝑚𝑎𝑥

− 45] [𝐷𝑂𝑌𝐸𝑉𝐼𝑚𝑎𝑥
+  13, 𝐷𝑂𝑌𝐸𝑉𝐼𝑚𝑎𝑥

+ 55] 

2 
[𝐷𝑂𝑌𝐸𝑉𝐼 𝑎𝑟𝑐𝑓𝑖𝑟𝑠𝑡 𝑑𝑎𝑦

, 𝐷𝑂𝑌𝐸𝑉𝐼𝑚𝑎𝑥
− 45] [𝐷𝑂𝑌𝐸𝑉𝐼𝑚𝑎𝑥

+  13, 𝐷𝑂𝑌𝐸𝑉𝐼 𝑎𝑟𝑐𝑙𝑎𝑠𝑡 𝑎𝑦
] 
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S3. Site validation 

To further validate the proposed rice calendar, site phenological dates close to the experimental period were 

collected from two sources: 1) 39 sites recorded in the literatures, and 2) observations from one site in the 

PhenoCam dataset. The transplanting and harvesting dates were directly extracted from the literature records for 

the 39 sites. Since there is only one rice paddy site located in monsoon Asia in the PhenoCam dataset, the Jurong 

site provides a time series of vegetation phenological observations derived from conventional visible-wavelength 

automated digital camera imagery. The transplanting and harvesting dates for all 40 sites are summarized in 

Table S2. These 40 sites are representative due to their wide coverage across monsoon Asia (Fig. S11).  

 

 

Figure S11. Location of the validation sites in monsoon Asia. Green areas indicate rice paddy fields. Yellow 

circles denote the validation site collected from the literatures and dataset.
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Table S2. Transplanting date and harvesting date for 40 sites, along with the corresponding phenological dates from rice calendars at each site location 

Country Latitude Longitude T_ 

site 

H_ 

site 

T_ 

MARC 

H_ 

MARC 

T_ 

RiceAtlas 

H_ 

RiceAtlas 

T_ 

RICA 

H_ 

RICA 

T_ 

SAGE 

H_ 

SAGE 

Reference 

Thailand 14.01 oN 101.22 oE 182 273 190.34 285.34 135 306 138.73 264.66 185.5 339 Chidthaisong et al., 2018  

South Korea 36.37 oN 127.33 oE 149 289 164.25 266.18 148 275 145.08 277.41 151 274 Choi et al., 2019 

China 30.97 oN 121.01 oE 175 297 175.61 269.95 160 304 262.18 19.18 121.5 245.5 Fang et al., 2021 

Japan 35.71 oN 140.34 oE 158 266 157.68 251.79 117 244 124.19 252.35 167 291 Fawibe et al., 2019 

China 32.10 oN 112.40 oE 152 274 159.85 253.46 166 294 136.64 257.02 121.5 245.5 Feng et al., 2021 

Bangladesh 24.75 oN 90.50 oE 20 119 34.10 128.45 5 110 17.83 129.72 -12 127.5 Forhad et al., 2019 

China 30.21 oN 112.09 oE 157 257 150.93 250.49 166 294 136.64 257.02 121.4 245.5 Fu et al., 2019 

South Korea 38.20 oN 127.25 oE 121 246 155.95 260.51 140 267 128.19 265.18 151 274 Huang et al., 2018 

South Korea 38.20 oN 127.25 oE 129 257 155.95 260.51 140 267 128.19 265.18 151 274 Hwang et al., 2020 

Philippines 14.16 oN 121.26 oE 30 133 -28.93 68.77 −16 105 -8.76 105.02 130 301 Islam et al., 2020 

Bangladesh 23.60 oN 90.25 oE 25 120 52.86 152.85 10 105 173.01 285.63 -12 127.5 Islam et al., 2020 

Bangladesh 24.44 oN 90.24 oE 23 118 37.16 134.05 15 120 50.36 154.87 -12 127.5 Islam et al., 2020 
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South Korea 38.20 oN 127.25 oE 135 257 155.95 260.51 140 267 128.19 265.18 151 274 Jeong et al., 2020 

South Korea 34.48 oN 126.48 oE 152 306 167.17 265.46 - - - - 151 274 Jeong et al., 2020 

China  22.88 oN 108.29 oE 102 199 86.25 172.03 101 195 88.08 210.59 88 179.5 Li et al., 2020 

China 30.14 oN 115.25 oE 121 229 161.46 252.94 100 181 136.64 257.02 121.5 245.5 Liang et al., 2019 

China 28.44 oN 116.00 oE 195 304 186.04 287.20 140 260 109.38 252.92 182.5 306 Liu et al., 2019a 

China 28.10 oN 116.50 oE 116 203 104.35 195.59 105 201 109.38 252.92 88 179.5 Liu et al., 2019b 

China 31.22 oN 104.62 oE 149 268 175.62 269.52 135 270 99.7 235.3 121.5 245.5 Liu et al., 2021 

Thailand 14.37 oN 100.61 oE 305 57 309.77 43.72 390 135 338.71 103.1 37.5 148.5 Maneepitak et al., 2019 

Japan 43.18 oN 141.44 oE 144 258 175.09 268.64 - - - - 167 291 Naser et al., 2020 

China 46.95 oN 127.67 oE 139 264 155.51 256.52 135 266 137.53 261.92 121.5 245.5 Nie et al., 2020 

Indonesia -7.79 oN 111.10 oE 102 203 69.22 160.35 130 248 - - 151 243 Nugroho et al., 2018 

Japan 36.03 oN 140.11 oE 140 271 150.23 257.62 126 251 132.97 256.28 167 291 Okamura et al., 2018 

India 11.00 oN 79.50 oE 167 264 194.62 310.46 181 301 199.21 315.07 133.5 231.5 Oo et al., 2020 

China 26.45 oN 111.52 oE 116 199 111.23 198.67 110 200 109.94 240.2 88 179.5 Raheem et al., 2019 

Indonesia -6.78 oN 111.20 oE 92 196 93.48 183.12 130 248 - - 151 243 Setyanto et al., 2018 
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Philippines 15.67 oN 120.90 oE 168 260 187.61 289.05 189 285 192.15 294.22 130 301.5 Sibayan et al., 2018 

China 31.16 oN 119.54 oE 160 313 171.34 267.08 166 280 75.83 186.61 121.5 245.5 Sun et al., 2019a 

China 39.88 oN 123.58 oE 149 262 159.20 264.02 140 284 141.37 264.41 121.5 245.5 Sun et al., 2019b 

Vietnam 16.47 oN 107.52 oE 20 140 52.27 143.62 30 140 7.2 134.67 18 113.5 Tran et al., 2018 

Vietnam 16.47 oN 107.52 oE 162 252 150.62 247.52 155 265 147.96 242.73 227 365 Tran et al., 2018 

China 32.86 oN 117.40 oE 180 301 173.67 271.41 161 274 155.72 265.26 121.5 245.5 Wang et al., 2020 

China 32.21 oN 118.71 oE 170 299 176.84 271.19 166 280 75.83 186.61 121.5 245.5 Wang et al., 2021 

China 43.32 oN 123.23 oE 149 289 155.60 253.35 105 227 131.48 261.93 121.5 245.5 Wu et al., 2019 

China 31.25 oN 120.96 oE 181 304 175.61 269.95 166 280 75.83 186.61 121.5 245.5 Yang et al., 2018 

China 32.58 oN 119.70 oE 173 307 181.15 277.72 166 280 75.83 186.61 121.5 245.5 Yuan et al., 2021 

China 32.50 oN 119.42 oE 164 292 182.86 279.63 166 280 75.83 186.61 121.5 245.5 Zhang et al., 2018 

China 32.30 oN 119.25 oE 164 294 179.19 277.27 166 280 75.83 186.61 121.5 245.5 Zhang et al., 2019 

China (Jurong, 

PhenoCam site) 

119.22 oN 31.81 oE - 273.6 177.84 274.33 - 280 75.83 186.61 121.5 245.5 Seyednasrollah et al., 2019 

Note: T_site and H_site denote the transplanting date and harvesting date of sites from literatures and dataset. T_MARC and H_MARC denote the transplanting date and harvesting date of the 

proposed rice calendar at each site location. T_RiceAtlas and H_RiceAtlas denote the transplanting date and harvesting date of the RiceAtlas rice calendar at each site location. T_RICA and 

H_RICA denote the transplanting date and harvesting date of the RICA rice calendar at each site location. T_SAGE and H_SAGE denote the transplanting date and harvesting date of the SAGE 

rice calendar at each site location. ‘-’ denotes phenological dates are not available. Phenological dates less than 0 indicate that the day has been subtracted by 365 days for easy comparison
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S3.1 Comparison of transplanting and harvesting dates between proposed rice calendar and site records 

The transplanting and harvesting dates from the proposed rice calendar were further compared with those from 

the site records. The transplanting and harvesting dates were firstly extracted from the proposed rice calendar at 

each site location as shown in Table S2. The transplanting dates of the proposed rice calendar are consistent with 

those site records, with R2 of 0.90, Bias of 7.99 days, MAE of 16.32 days, and RMSE of 19.00 days (Fig. S12). 

Additionally, the harvesting dates of the proposed rice calendar are correlated with those of the site records with 

R2 of 0.87, Bias of −9.07 days, MAE of 19.58 days, and RMSE of 22.43 days (Fig. S12). This site validation 

demonstrates the efficacy of the proposed rice calendar.  

 

Figure S12. Comparison of transplanting date and harvesting date between the proposed rice calendar and site 

records. Blue and orange points represent the transplanting date and harvesting date, respectively. Red and black 

solid lines represent the 1:1 line and regression, respectively. 

 

S3.2 Comparison of transplanting and harvesting dates between other rice calendars and site records 

To evaluate the superiority of the proposed rice calendar, the transplanting and harvesting dates from other rice 

calendars were compared with those from the site records. The transplanting and harvesting dates from 

RiceAtlas, RICA, and SAGE rice calendars were extracted at each site location, as shown in Table S2. The 

transplanting dates of RiceAtlas, RICA, and SAGE rice calendars were correlated with the site records, with R2 

of 0.86, Bias of −2.41 days, MAE of 19.10 days, and RMSE of 26.56 days; R2 of 0.42, Bias of −20.85 days, 

MAE of 41.41 days, and RMSE of 57.66 days; R2 of 0.64, Bias of −11.28 days, MAE of 37.08 days, and RMSE 

of 45.31 days, respectively (Fig. S13). Similarly, the harvesting dates of RiceAtlas, RICA, and SAGE rice 
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calendars were correlated with the site records, with R2 of 0.80, Bias of 2.96 days, MAE of 22.75 days, and 

RMSE of 29.51 days; R2 of 0.11, Bias of −29.29 days, MAE of 56.25 days, and RMSE of 85.61 days; R2 of 0.44, 

Bias of −6.88 days, MAE of 43.60 days, and RMSE of 61.10 days, respectively (Fig. S13). The phenological 

dates of the proposed rice calendar were found to be closer to the site records compared to those of three rice 

calendars. The good performance in the site validation clearly demonstrates the ability and advantage of the 

proposed rice calendar in retrieving rice transplanting and harvesting dates. 

 

Figure S13. Comparison of transplanting date and harvesting date between the rice calendars (RiceAtlas, RICA, 

and SAGE) and site records. Blue and orange points represent the transplanting date and harvesting date, 

respectively. Red and black solid lines represent the 1:1 line and regression, respectively. 
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