Extended Data Figures
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Extended Data Fig. 1. Map and assessment of dataset yields and yield potential for the 13 cropping systems. (a) Location of the survey data; symbols denote country and colors denote crop (same coding in b and c). Points are placed at the centroid of each province or state, and the Philippines is shown in the inset. (b) Comparison between average dataset yield and national average yields reported by FAOSTAT28. (c) Comparison of 95th percentile of database grain yield distribution and simulated yield potential retrieved from the Yield Potential and Yield Gap Atlas29. All comparisons were made considering the same years. In the case of yield potential, we retrieved values from sites that best represent the regions where the survey data were collected, and separate values were retrieved for rainfed and irrigated crops to account for water limitation. Dashed lines show the 1:1 relation, numbers inside panel b and c show the root mean square error (RMSE) in Mg ha-1 and %.
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Extended Data Fig. 2. Analysis of profit for crops in Argentina. Relationships between area-based profit and crop yield (a, e, i), area-based profit and area-based cost (b, f, j), area-based profit and price of the marketed product (c, g, k), and cost per unit of production and crop yield (d, h, l) for rainfed maize (top), soybean (middle), and wheat (bottom). Lines are the fitted linear regression models or negative exponential models (P<0.01). Each point represents an individual farm observation.	


[image: ]

Extended Data Fig. 3. Analysis of profit for crops in Brazil. Relationships between area-based profit and crop yield (a, d), area-based profit and area-based cost (b, e), area-based profit and price of the marketed product (f), and cost per unit of production and crop yield (c, g) for irrigated rice (top) and rainfed soybean (bottom). Lines are the fitted linear regression models or negative exponential models (P<0.01). No rice grain price data were available for individual farmers. Each point represents an individual field observation.
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Extended Data Fig. 4. Analysis of profit for crops in Paraguay. Relationships between area-based profit and crop yield (a, d), area-based profit and area-based cost (b, e), and cost per unit of production and crop yield (c, f) for rainfed maize (top) and soybean (bottom). Lines are the fitted linear regression models or negative exponential models (P<0.01). No grain price data were available for individual farmers. Each point represents an individual field observation.
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Extended Data Fig. 5. Analysis of profit for crops in the Philippines. Relationships between area-based profit and crop yield (a), area-based profit and area-based cost (b), area-based profit and price of the marketed product (c), and cost per unit of production and crop yield (d) for irrigated rice in the wet and dry season. Lines are the fitted linear regression models or negative exponential models (P<0.01). Each point represents an individual field observation.
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Extended Data Fig. 6. Analysis of profit for crops in the United States. Relationships between area-based profit and crop yield (a, d), area-based profit and area-based cost (b, e), and cost per unit of production and crop yield (c, f) for rainfed and irrigated soybean (top) and rainfed wheat (bottom). Lines are the fitted linear regression models or negative exponential models (P<0.01). No grain price data were available for individual farmers. Each point represents an individual field observation.
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Extended Data Fig. 7. Analysis of global warming potential (GWP) for cereals. Area-based GWP and crop yield (a, d, g, j), yield-adjusted GWP and crop yield (b, e, h, k), and yield-adjusted GWP and area-based profit (c, f, i, l) for maize in Paraguay (top), wet- and dry-season rice in the Philippines, rice in Brazil, and wheat for USA (bottom). Lines indicate statistically significant relationships (P<0.05). Each point represents an individual field observation.
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Extended Data Fig. 8. Analysis of global warming potential (GWP) for soybean. Area-based GWP and crop yield (a, d, g), yield-adjusted GWP and crop yield (b, e, h), and yield-adjusted GWP and area-based profit (c, f, i) for soybean in Brazil (top), soybean in Paraguay (middle), and irrigated and rainfed soybean in USA (bottom). Lines indicate statistically significant relationships (P<0.05). Each point represents an individual field observation.


[image: ]
Extended Data Fig. 9. Analysis of nitrogen balance for cereals. Area-based nitrogen balance and crop yield (a, c, e, g), yield-adjusted nitrogen balance and crop yield (b, d, f, h) for maize in Paraguay (top), wet- and dry-season rice in the Philippines, rice in Brazil, and wheat for USA (bottom). Lines indicate statistically significant relationships (P<0.05). Each point represents an individual field observation
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Supplementary Table 1. Summary of the datasets used for the analysis. 
	[bookmark: _Hlk193183039]Region 
	Crop
	Water regime a
	Years
	Number of observations b
	Data source
	Associated references

	Central Argentina
	Maize
	R
	2020-2023
	109
	Farm records
	Unpublished data

	
	Single soybean
	R
	2020-2023
	77
	Farm records
	

	
	Second-crop soybean
	R
	2020-2023
	114
	Farm records
	

	
	Wheat
	R
	2020-2023
	115
	Farm records
	

	Southern Brazil
	Rice
	I
	2016-2018
	116
	Surveys
	Ribas et al. (2021)46

	
	Soybean
	R
	2020-2024
	192
	Surveys
	Alves et al. (2024)47

	Eastern Paraguay
	Maize
	R
	2022-2023
	280
	Surveys
	Tagliapietra et al (submitted)

	
	Soybean
	R
	2022-2023
	385
	Surveys
	

	Central Luzon, the Philippines
	Rice
	I-WS
	2015
	130
	Surveys
	Kajisa et al. (2023)48
Luzon Survey (2026)49

	
	Rice
	I-DS
	2016
	74
	
	

	U.S. North Central
	soybean 
	I
	2014-2017
	1334
	Surveys
	Mourtzinis et al. (2017)50
Rattalino Edreira et al. (2017)51

	
	soybean
	R
	2014-2017
	6474
	Surveys
	

	
	wheat
	R
	2015-2018
	1038
	Surveys
	Jaenisch et al. (2021)30



a Water regime includes rainfed (R) and irrigated (I), wet-season (WS) and dry-season (DS). b Data collected at field level, except for farm-level data in Argentina.

Supplementary Table 2. Description of the dataset used to assess relationships between yield and economic and environmental outcomes. Means and inter-quartile ranges (IQR) for yield, profit, price of marketed products, global warming potential (GWP), nitrogen (N) balance and per-unit production cost and GWP. Crop type and water regime are also shown.
	Region
	Crop
	Water regime a
	Crop yield
(Mg ha⁻¹) b
	Area-based profit 
($ ha⁻¹)
	Grain price
($ Mg-1 grain) c
	Area-based cost 
($ ha⁻¹)
	Cost per unit production ($ Mg-1 grain) 
	Area-based GWP (kg CO2 eq ha-1)
	Yield-adjusted GWP (kg CO2 eq Mg-1 grain)
	Area-based N balance (kg N ha-1)
	Yield-adjusted N balance (kg N Mg-1)

	Central Argentina
	Maize
	R
	9.0 
(7.5-11)
	935
(609-1247)
	178
(154-196)
	648
(542-763)
	81
(60-88)
	n.c.
	n.c.
	n.c.
	n.c.

	
	Single soybean 
	R
	3.0
(2.0-4.4)
	663
(388-1077)
	348
(315-378)
	375
(296-435)
	189
(94-178)
	n.c.
	n.c.
	n.c.
	n.c.

	
	Second-crop soybean
	R
	2.6
(2.1-3.4)
	600
(423-847)
	335
(310-362)
	260
(227-282)
	137
(75-141)
	n.c.
	n.c.
	n.c.
	n.c.

	
	Wheat
	R
	3.9
(2.9-5.0)
	361
(129-572)
	209
(172-235)
	455
(342-536)
	166
(82-163)
	n.c.
	n.c.
	n.c.
	n.c.

	Southern Brazil
	Rice
	I
	8.0
(7.2-9.0)
	1221
(1002-1506)
	258 b
	844
(808-885)
	111
(93-120)
	6361
(6034-6680)
	824
(717-882)
	46
(26-66)
	15
(7-21)

	
	Soybean
	R
	4.3
(3.7-5.0)
	1163
(790-1570)
	462
(404-497)
	842
(699-952)
	187
(138-237)
	588
(504-714)
	125
(130-165)
	n.c.
	n.c.

	Eastern Paraguay
	Maize
	R
	4.9
(3.8-6.0)
	83
(-75 to 247)
	150
	646
(569-722)
	154
(107-168)
	999
(920-1062)
	234
(171-249)
	-30
(-47 to -19)
	-5
(-8 to -4)

	
	Soybean
	R
	2.8
(2.3-3.5)
	394
(191-613)
	378
	670
(574-764)
	267
(193-298)
	470
(424-523)
	180
(151-191)
	n.c.
	n.c.

	Central Luzon, the Philippines
	Rice
	I-WS
	3.4
(2.6-4.5)
	132
(-59 to 307)
	285
(274-303)
	848
(676-996)
	272
(203-313)
	3806
(3017-4207)
	1253
(747-1508)
	78
(49-106)
	28
(13-37)

	
	Rice
	I-DS
	4.9
(3.8-6.1)
	471
(191-669)
	297
(281-318)
	987
(809-1187)
	212
(171-239)
	4020
(3369-4219)
	802
(631-1066)
	82
(58-99)
	19
(12-27)

	U.S. North Central
	Soybean
	I
	4.7
(4.4-5.2)
	1244
(1071-1459)
	441
	835
(708-939)
	159
(130-195)
	812
(673-1002)
	195
(164-215)
	n.c.
	n.c.

	
	Soybean
	R
	3.7
(3.1-4.3)
	1032
(771-1309)
	441
	596
(500-667)
	172
(130-199)
	426
(370-478)
	118
(106-126)
	n.c.
	n.c.

	
	Wheat
	R
	3.9
(3.0-4.7)
	205
(65-321)
	191 (2015), 164 (2016), 191 (2017)
	399
(361-434)
	113
(88-125)
	1273
(1112-1416)
	367
(270-401)
	-6
(-31 to 19)
	1
(-5 to 5)


a Water regime includes rainfed (R) and irrigated (I), wet-season (WS) and dry-season (DS). In the case of the Philippines, data includes wet (WS) and dry (DS) seasons. b Crop yields are reported at standard moisture content for commercialization in each country. b An average price was used for dataset where data on received price per farmer was not available. n.c.: not calculated due to lack of data on agricultural input rates, and we assumed the N balance in soybean to be neutral. 



Supplementary Table 3. Sources of data used for simulation of yield potential in the 13 cropping systems. Average yield potential for each system is also shown.
	Region
	Crop
	Water regimea
	Yield potential (Mg ha-1)
	Weather data
	Soil data
	Model 
	Model validation

	Central Argentina
	Maize
	R
	13.7
	SIGA52 
	INTA Soil Institute53
	CERES-Maize54,55
	Aramburu-Merlos et al. (2015)56

	
	Single soybean
	R
	5
	SIGA52
	INTA Soil Institute53
	CROPGRO-Soybean54,55
	Aramburu-Merlos et al. (2015)56

	
	Second-crop soybean
	R
	3.8
	SIGA52
	INTA Soil Institute53
	CROPGRO-Soybean54,55
	Aramburu-Merlos et al. (2015)56

	
	Wheat
	R
	6.5
	SIGA52
	INTA Soil Institute53
	CERES-Wheat54,55
	Aramburu-Merlos et al. (2015)56

	Southern Brazil
	Rice
	I
	14.8
	INMET57
	Cooper et al., (2005)58
	ORYZA59
	Ribas et al. (2021)46

	
	Soybean
	R
	5.4
	INMET57
	Cooper et al., (2005)58
	CROPGRO-Soybean54,55
	Marin et al. (2022)60

	Eastern Paraguay
	Maize
	R
	11.1
	DMH61
	Soil maps from Ministry of Agriculture and Livestock62
	CERES-Maize54,55
	Tagliapetra et al. (submitted)

	
	Soybean
	R
	3.7
	DMH61
	Soil maps from Ministry of Agriculture and Livestock62
	CROPGRO-Soybean54,55
	Tagliapetra et al. (submitted)

	Central Luzon, Philippines
	Rice
	I-WS
	9.6
	PAGASA63
	n.a.
	ORYZA59
	Yuan et al. (2022)64 and references cited therein

	
	Rice
	I-DS
	9.6
	PAGASA63
	n.a.
	ORYZA59
	Yuan et al. (2022) and references cited therein

	U.S. North Central
	Soybean
	I
	5.9
	Mesonet65 
	SSURGO66
	APSIM67
	Couedel et al. (2025)68

	
	Soybean
	R
	4.9
	Mesonet65 
	SSURGO66
	APSIM67
	Couedel et al. (2025)68

	
	Wheat
	R
	5.4
	Mesonet65 
	SSURGO66
	SSM-Wheat69
	Jaenisch et al. (2021)30

	
	
	
	
	
	
	
	


SIGA: Argentinean weather stations network, INMET: Brazilian Institute of Meteorology, DMH: Agency of Meteorology and Hydrology of Paraguay, PAGASA: Philippine Atmospheric, Geophysical and Astronomical Services Administration, INTA: Argentina National Institute of Agricultural Technology, 


Supplementary Table 4. Pearson correlation coefficients for profit x yield, profit x cost and profit x price, global warming potential (GWP) x yield, and coefficient of determination (R2) for cost per unit of production x yield, GWP x profit, nitrogen (N) balance x yield for the relationships shown in Figures 1 and 3. Values are only shown for those relationships that were statistically significant (P<0.05).

	 Region
	Crop
	Water regimea
	Area-based profit & yield
	Area-based profit & cost
	Area-based profit & price
	Cost per unit production & yield
	Area-based GWP & yield
	Yield-adjusted GWP & yield
	Yield-adjusted GWP x profit ha⁻¹
	Yield-adjusted N balance & yield

	Central Argentina
	Maize
	R
	0.69
	0.27
	0.33
	0.32
	n.c.
	n.c.
	n.c.
	n.c

	
	Single soybean
	R
	0.82
	
	
	0.63
	n.c.
	n.c.
	n.c.
	n.c

	
	Second-crop soybean
	R
	0.87
	
	
	0.25
	n.c.
	n.c.
	n.c.
	n.c

	
	Wheat
	R
	0.78
	
	
	0.10
	n.c.
	n.c.
	n.c.
	n.c

	Southern Brazil
	Rice
	I
	0.82
	
	n.c.
	0.20
	0.39
	0.63
	0.76
	0.36

	
	Soybean
	R
	0.67
	
	0.36
	0.25
	0.26
	0.27
	0.40
	n.c

	Eastern Paraguay
	Maize
	R
	0.84
	-0.23
	n.c.
	0.76
	0.19
	0.26
	0.21
	0.20

	
	Soybean
	R
	0.75
	
	n.c.
	0.60
	0.57
	0.24
	0.20
	n.c

	Central Luzon, Philippines
	Rice
	I-WS
	0.77
	0.51
	0.33
	0.63
	
	0.56
	0.34
	0.56

	
	Rice
	I-DS
	0.67
	0.71
	0.24
	0.44
	
	0.66
	0.61
	0.50

	U.S. North Central
	Soybean
	I
	0.68
	-0.20
	n.c.
	0.05
	0.01
	0.03
	0.14
	n.c

	
	Soybean
	R
	0.87
	-0.16
	n.c.
	0.09
	0.46
	0.03
	0.10
	n.c

	
	Wheat
	R
	0.23
	
	n.c.
	0.35
	0.01
	0.30
	0.21
	0.07

	
	
	
	
	
	
	
	
	
	
	


a Water regime includes rainfed (R) and irrigated (I). In the case of the Philippines, data includes wet (WS) and dry (DS) seasons. 
n.c.: not calculated due to lack of data on prices or agricultural input rates, and we assumed the N balance in soybean to be neutral. 


Supplementary Table 5. Pearson correlation coefficients for profit x yield, profit x cost and profit x price, global warming potential (GWP) x yield, and coefficient of determination (R2) for cost per unit of production x yield, GWP x profit and nitrogen (N) balance and yield for the relationships shown in Extended Data Figures 2-9. Values are only shown for those relationships that were statistically significant (P<0.05).

	Region
	Crop
	Water regimea
	Area-based profit & yield
	Area-based profit & cost
	Area-based profit & price
	Cost per unit production & yield
	Area-based GWP & yield
	Yield-adjusted GWP & yield
	Yield-adjusted GWP x profit ha⁻¹
	Area-based N balance & yield
	Yield-adjusted N balance & yield

	Central Argentina
	Maize
	R
	0.84
	
	0.36
	0.67
	n.c.
	n.c.
	n.c.
	n.c
	n.c

	
	Single soybean
	R
	0.94
	
	
	0.88
	n.c.
	n.c.
	n.c.
	n.c
	n.c

	
	Second-crop soybean
	R
	0.95
	
	
	0.93
	n.c.
	n.c.
	n.c.
	n.c
	n.c

	
	Wheat
	R
	0.90
	
	
	0.93
	n.c.
	n.c.
	n.c.
	n.c
	n.c

	Southern Brazil
	Rice
	I
	0.99
	
	n.c.
	0.93
	0.66
	0.89
	0.94
	0.35
	0.40

	
	Soybean
	R
	0.81
	-0.31
	0.53
	0.68
	0.74
	0.55
	0.47
	n.c
	n.c

	Eastern Paraguay
	Maize
	R
	0.89
	-0.25
	n.c.
	0.87
	0.51
	0.92
	0.91
	0.62
	0.20

	
	Soybean
	R
	0.91
	
	n.c.
	0.74
	0.84
	0.89
	0.84
	n.c
	n.c

	Central Luzon, Philippines
	Rice
	I-WS
	0.78
	
	0.32
	0.63
	
	0.72
	0.35
	0.19
	0.56

	
	Rice
	I-DS
	0.76
	0.17
	
	0.46
	
	0.72
	0.68
	0.24
	0.50

	U.S. North Central
	Soybean
	I
	0.84
	-0.33
	n.c.
	0.43
	0.42
	0.17
	0.46
	n.c
	n.c

	
	Soybean
	R
	0.94
	-0.16
	n.c.
	0.62
	0.82
	0.43
	0.66
	n.c
	n.c

	
	Wheat
	R
	0.94
	0.51
	n.c.
	0.90
	0.12
	0.77
	0.80
	0.60
	0.45

	
	
	
	
	
	
	
	
	
	
	
	


a Water regime includes rainfed (R) and irrigated (I). In the case of the Philippines, data includes wet (WS) and dry (DS) seasons. 
n.c.: not calculated due to lack of data on prices or agricultural input rates, and we assumed the N balance in soybean to be neutral. 


Supplementary Table 6. Change in area-based profit, production cost, global warming potential (GWP) and nitrogen (N) balance per 1 Mg ha-1 increase in crop yield. Values are slopes (95% confidence intervals) estimated at the mean yield of each cropping system from hierarchical mixed models (see Methods). Number of fields (n) with both yield and profit data are shown
	Region
	Crop
	Water regimea
	n
	Profit (USD ha-1)
	Cost (USD ha-1)
	GWP (kg CO₂e ha-1)
	N balance (kg N ha-1)

	Central Argentina
	Maize
	R
	108
	140
(120-159)
	27.2
(18.5-36.0)
	n.c.
	n.c.

	
	Single soybean
	R
	77
	319
(288-349)
	12.1
(-10.4 to 34.6)
	n.c.
	n.c.

	
	Second-crop soybean
	R
	114
	297
(275-318)
	10.2 
(-2.7 to 23.1)
	n.c.
	n.c.

	
	Wheat
	R
	115
	172
(152-193)
	37.7
(24.6-50.8)
	n.c.
	n.c.

	Southern Brazil
	Rice
	I
	116
	250
(244-256)
	7.5
(1.6-13.5)
	188
(145-232)
	-7.0
(-10.4 to -3.5)

	
	Soybean
	R
	192
	456
(427-485)
	23.9
(2.8-45.0)
	87
(76-99)
	n.c.

	Eastern Paraguay
	Maize
	R
	280
	134
(126-142)
	16.2
(8.1-24.4)
	42
(34-51)
	-9.6
(-11.1 to -8.2)

	
	Soybean
	R
	385
	336
(319-354)
	33.1
(15.3-50.9)
	83
(79-87)
	n.c.

	Central Luzon, Philippines
	Rice
	I-WS
	130
	195
(168-222)
	99.1
(73.7-124.5)
	55
(-121 to 230)
	-5.8
(-11.4 to -0.6)

	
	Rice
	I-DS
	74
	166
(132-199)
	117.0
(87.2-146.8)
	−11
(-188 to 166)
	-6.3
(-12.4 to -0.3)

	U.S. North Central
	Soybean
	I
	1344
	379
(364-394)
	63.4
(48.5-78.4)
	159
(142-176)
	n.c.

	
	Soybean
	R
	6474
	412
(408-416)
	30.1
(26.1-34.1)
	82
(81-84)
	n.c.

	
	Wheat
	R
	653
	140 
(137-144)
	15.3
(12.5-18.2)
	29
(14-44)
	-15.8
(-17.6 to -14.0)



a Water regime includes rainfed (R) and irrigated (I). In the case of the Philippines, data includes wet (WS) and dry (DS) seasons. 
n.c.: not calculated due to lack of data on prices or agricultural input rates, and we assumed the N balance in soybean to be neutral. 
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