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Supplementary Figure 1. Months of the reproductive growth period for four crops. Data for major and secondary cropping systems for maize and rice, winter and spring cropping systems for wheat and a single major cropping system for soybean are presented (only the major or winter cropping system is presented if both systems are used in a grid cell). Light grey indicates that the crop calendar is unavailable, and dark grey designates non-cropland. 
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Supplementary Figure 2. a, Yearly time series of wheat yield (solid line) in Goondiwindi, Australia (28.598S; 150.750E); orange (blue) symbols indicate the incidence of El Niño (La Niña) during the reproductive growth period of wheat in that location; the dashed line indicates normal yield (five-year running mean); b, percentage yield anomaly; and c, average percentage yield anomaly and one standard deviation (error bar) during each ENSO phase. The sample size used for the calculation of the standard deviation for El Niño, La Niña and neutral years is 7, 6 and 8, respectively. 
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Supplementary Figure 3. a, Yearly time series of wheat yield (solid line) in Goondiwindi, Australia (28.598S; 150.750E); orange (blue) symbols indicate the incidence of El Niño (La Niña) during the reproductive growth period of wheat in that location; the dashed line indicates normal yield (local polynomial regression curve); b, percentage yield anomaly; and c, average percentage yield anomaly and one standard deviation (error bar) during each ENSO phase. The sample size used for the calculation of the standard deviation for El Niño, La Niña and neutral years is 7, 6 and 8, respectively.
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Supplementary Figure 4. Impacts of El Niño on crop yield anomalies for four crops. The local polynomial regression method was used to calculate normal yields. The significance of difference in averaged yield anomaly between El Niño years and neutral years was set to the 10% level (using the bootstrap with iteration of 10,000 times; the sample size is 7 for El Niño and 8 for neutral years). The pie diagrams indicate the percentages of harvested area in the aforementioned areas. All data in the pie diagrams are normalised to the global harvested area in 2000.
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Supplementary Figure 5. Differences between average temperature (upper panels) and soil moisture content (lower panels) over the reproductive growth period in El Niño years and those in neutral years for four crops. In the upper panels, red designates warmer conditions in El Niño years compared with conditions in neutral years and blue designates cooler conditions in El Niño years compared with those in neutral years. In the lower panels, blue designates wetter conditions in El Niño years compared with those in neutral years and brown designates drier conditions in El Niño years compared with those in neutral years. Light grey indicates that the crop calendar is unavailable, dark grey designates non-cropland, and dots indicate that the difference is significant at the 10% level (using the bootstrap with iteration of 10,000 times; the sample size is 7 for El Niño and 8 for neutral years).
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[bookmark: _GoBack]Supplementary Figure 6. Box plots of the grid-cell difference in averaged yield anomalies between El Niño (or La Niña) years and neutral years, , for the irrigated (blue) and rainfed (orange) cropland for four crops. The five-year running mean method (solid line) and local polynomial regression method (dashed line) were separately used to calculate the normal yields. Horizontal line—the median. Lower and upper hinges of a box—the 25% and 50% tiles, respectively. Vertical bar—the 90% interval. The sample size (n) used for the calculation of these statistics is presented in each panel.
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Supplementary Figure 7. Impacts of La Niña on crop yield anomalies for four crops. The local polynomial regression method was used to calculate normal yields. The significance of difference in averaged yield anomaly between La Niña years and neutral years was set to the 10% level (using the bootstrap with iteration of 10,000 times; the sample size is 6 for La Niña and 8 for neutral years). The pie diagrams indicate the percentages of harvested area in the aforementioned areas. All data in the pie diagrams are normalised to the global harvested area in 2000.
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Supplementary Figure 8. Differences between average temperature (upper panels) and soil moisture content (lower panels) over the reproductive growth period in La Niña years and those in neutral years for four crops. In the upper panels, red designates warmer conditions in La Niña years compared with conditions in neutral years and blue designates cooler conditions in La Niña years compared with those in neutral years. In the lower panels, blue designates wetter conditions in La Niña years compared with those in neutral years and brown designates drier conditions in La Niña years compared with those in neutral years. Light grey indicates that the crop calendar is unavailable, dark grey designates non-cropland, and dots indicate that the difference is significant at the 10% level (using the bootstrap with iteration of 10,000 times; the sample size is 6 for La Niña and 8 for neutral years).
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Supplementary Figure 9. Global-mean yield anomalies for four crops during El Niño, La Niña and neutral years. The local polynomial regression method was used to calculate normal yields. Histograms of global-mean yield anomalies (deviations from normal yields) in El Niño years (red), La Niña years (blue) and neutral years (grey). The numbers in each panel are the mean values. The numbers in parentheses indicate the bootstrap probability that the global-mean yield anomaly in El Niño (La Niña) years is lower than that in neutral years. A bootstrap probability value of 0.999 (0.001) indicates a significantly smaller (larger) global-mean yield anomaly in El Niño (La Niña) years compared with that in neutral years at the 0.1% level (using the bootstrap with iteration of 10,000 times). 
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Supplementary Figure 10. Global shares of the production of four crops in 2009 by country. The source of this data is the Food and Agriculture Organization of the United Nations (FAO).
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Supplementary Figure 11. Global-mean yield anomalies of four crops for each phase of ENSO (El Niño years, red; La Niña years, blue; and neutral years, grey) calculated relative to different year running mean yields. R3 to R13 indicates the three-year to thirteen-year running mean method with two-year interval. The results from the five-year running mean method (R5) are the same as those presented in Fig. 4. The results from the local polynomial regression method (LPR) are the same as those presented in Supplementary Fig. 9 and shown as the reference. Vertical bar—the 90% interval (using the bootstrap with iteration of 10,000 time; The sample size for El Niño, La Niña and neutral years is 7, 6 and 8, respectively).
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Supplementary Figure 12. Average yield anomalies in neutral years for four crops deviating from normal yields calculated by using the five-year running mean method.
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Supplementary Figure 13. Average yield anomalies in neutral years for four crops deviating from normal yields calculated by using the local polynomial regression method.

	Supplementary Table 1. A summary of the comparison in the impacts of ENSO on crop yields between this study and previous regional studies. Crops, countries, impacts of ENSO on yields found in this study and those reported in previous studies, years examined in previous studies and references are provided.

	Country
	This study
	Previous study
	Years
	Reference2

	
	El Niño1
	La Niña
	El Niño
	La Niña
	
	

	Maize

	Argentina
	+/-
	-
	+
	-
	1950-1994
	Ref. 1

	China
	-
	+/-
	-
	+
	1961-2001
	Ref. 2

	China
	-
	(+)
	-
	-
	1956-2006
	Ref. 3

	United States
	-
	-
	-
	N.A.
	1968-1994
	Ref. 4

	United States (Corn Belt)
	+/-
	-
	+
	-
	1982-1997
	Ref. 5

	Uruguay
	+
	-
	+
	-
	1950-1999
	Ref. 6

	Zimbabwe
	(+)
	-
	+
	-
	1970-1993
	Ref. 7

	Soybean

	Argentina
	+
	-
	+
	-
	1972-1996
	Ref. 8

	Rice

	Indonesia
	+/-
	(+)/(-)
	(-)
	(+)
	1983-2001
	Ref. 9

	Uruguay
	-
	+
	-
	+
	1972-2003
	Ref. 10

	Wheat

	Argentina (north)
	+/-
	+/-
	N.A.
	-
	1950-1994
	Ref. 1

	Argentina (south)
	+/-
	+/-
	+
	N.A.
	1950-1994
	Ref. 1

	Australia (eastern)
	-
	-
	-
	(-)
	1886-1993
	Ref. 11

	Brazil (southern)
	(-)
	(+)
	+
	-
	1917-1996
	Ref. 11

	Canada
	+/-
	-
	+/-
	N.A.
	1968-1994
	Ref. 4

	China (northeast)
	-
	-
	-
	-
	1956-2006
	Ref. 3

	United States
	-
	-
	+/-
	N.A.
	1968-1994
	Ref. 4

	United States (Southeast)
	-
	-
	(+)/(-)
	-
	1960-1995
	Ref. 12

	1 “+” and “-” indicates the significant positive and negative impacts on yield, respectively; “(+)” and “(-)” indicates the insignificant positive and negative impacts on yield, respectively; “+/-” indicates that both the significant positive and negative impacts appear in a given area; and “N.A.” indicates the data are not available from references.
2 See Supplementary Reference.
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