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Supplementary Methods
Crop yield trends
The empirical evidence showed that crop yields have mostly grown at a linear rate rather than compound growth rate1,2. In this study, we upgraded our previous approach in 2019 by expanding the 15 major crops and 11 regions to all countries and crops. We used the FAOSTAT country level crop production and harvested area data to build the yield trends models. All crop and country models were projected out to year 2050. We developed a suite of tests to evaluate slopes and yield trends and a set of rules using an analysis of each of the 161 individual crop observations and detailed in sections below.

[bookmark: _Toc136601314]Establishing reference year
We define yield as , where c, t, and n are crop type (c=1,…,160), year (t=2000,…,2050), and country (n=1,…,200). Prepare the 2020 reference using the 2016-2020 5-year average to avoid the fluctuations.
· For each crop and country, calculate 2016-2020 5-year average of production , harvested area , and yield  
· For each crop, calculate the global production for 2016-2020 
· For each country, get the country area 

[bookmark: _Toc136601315]Constraining unrealistic crop yields
The preliminary projections from linear regression in some countries could be much higher (aggressive) or lower (pessimistic) than realistic scenario. Further constraining rules are used to limit the estimated projected 2050 yields. 

[bookmark: _Toc136601316]Most important countries for each crop
Determine the most important countries for crop c. 
· For each country the weight was = 1/2 (production/global production + area/country area). 
· Score of importance .
· We ranked  for each crop and determined the most important countries.

[bookmark: _Toc136601317]Set up the maximum yield cap
· Use the rank of  to get top 20 important countries
1. Get the maximum yield from the 20 countries in the 2000-2020 pool . This step is to exclude the overly high yields from the heavily irrigated countries like Kuwait
2. We assume that there is room for yields to exceed the current maximums because of technical change, or expansion to more fertile lands. The upper limit of these yields are determined by applying a scaling factor SFc to current yields. For main cereals and soybeans, given their already extensively enhanced yields, we use a factor of 1.4. For other crops, we use a SFc of 1.8 (indicated in the file).
· 

[bookmark: _Toc136601318]Find the "catch-up threshold" yield and trend line
· Get the highest 2020 yield in the top 20 important countries.
· Use the reference  to rank the top 3 countries with the highest yield.
· Determine the "catch-up threshold" of yield by averaging the recent 5-year yield of the top 3 countries. (i.e., Sum of 15 productions divided by the sum of 15 areas, 5 yrs x 3 countries = 15)
· 
· Obtain the slopes (of trend line)  in the top 3 yielding countries.
· Calculate the weighted average slope  in the top 3 yielding countries, based on the rescaled share of relative . For example, if the top 3 countries have IMPS = 0.3, 0.2, and 0.1, then the relative share will be 0.5, 0.333, and 0.167.

[bookmark: _Toc136601319]Constraining rules
In the fitted trend line of country n and crop c,
· Between 2020-2050, if the  reaches the "catch-up threshold" , then from that year, the yield trend switched to the top yielding countries' yield trend . 
· If the last 5-year  was smaller than the absolute upper bound , the  between 2020-2050 is not allowed to go above .
· If the last 5-year observed was greater than the absolute upper bound , then we set the future yield of 2020-2050 to  to make sure it stays at the same level as the last 5-year.
· For crops has significantly decreasing trends (), we set yield in 2020-2050 to remain at the 2020 reference 5-year 
· For crops has did not have significant yield trends, we used an intercept only model (no yield change to 2050)

[bookmark: _Toc136601320][bookmark: _Hlk119938548]Outputs
Two sets of outputs were generated. For each of the 161 we estimated the variables IMPS, , ,  and provided these values. 2 crops dropped out from the analysis due to insufficient data: Cropcode 542 (Fruit, pome nes) and 813 (Coir). This eventually resulted in 7686 crop X country yield projections for the year 2050. Tabular results were arranged in 7686 rows X 61 columns = 468,846 data, data related statistics and projections provided.

To prepare inputs for GlobAgri, we aggregated the crops to commodity balances products, calculated the annual growth rate between 2021 and 2050, then applied to the reference year crop yields in 2010 and obtained the 2050 yields. The % yield gain (%YG) is estimated using the below formula, depending on the base year. For example, our current base year is 2010.

Supplementary Figures
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Figure S1. Historical yield changes and future trends for the most grown crops in SSA. Tons of crop are converted to dry matter using crop specific dry matter percentage. Source: FAO data and authors’ projections.



Supplementary Data

Table S1. Diets change in SSA for Baseline and More Monogastric Focused Diets scenarios.

	
	2010
(g/cap/d)
	
	Baseline
(g/cap/d)
	% change
	
	Shifting to monogastric diet
(g/cap/d)
	% change

	Cereals
	28.7
	
	33.8
	18%
	
	33.8
	18%

	Legumes, seeds, and nuts
	11.0
	
	16.4
	49%
	
	16.4
	49%

	Roots and tubers
	4.2
	
	4.4
	5%
	
	4.4
	5%

	Vegetables and fruits
	2.0
	
	4.1
	105%
	
	4.1
	105%

	Oils, sugar, and alcohols
	0.6
	
	0.8
	27%
	
	0.8
	27%

	Other
	0.6
	
	0.8
	35%
	
	0.8
	35%

	Dairy and eggs
	3.0
	
	4.0
	37%
	
	4.7
	59%

	Aquatic products
	2.5
	
	2.0
	-23%
	
	2.0
	-23%

	Pork, poultry, and other meat
	3.3
	
	6.1
	81%
	
	8.5
	154%

	Ruminant meat
	2.6
	
	5.4
	105%
	
	2.2
	-17%




Table S2. All-crop yield growth 2010-2050 in SSA selected countries and other world regions.

	Region/country
	Baseline
	50% GYGA Yield Gap Closure
	90% Mueller Yield Gap Closure

	Ethiopia
	94.5%
	276.5%
	258.1%

	Nigeria
	10.0%
	202.4%
	187.5%

	South Africa
	61.9%
	90.6%
	100.3%

	Tanzania
	34.6%
	215.8%
	239.6%

	Rest of Sub-Saharan Africa
	40.7%
	249.6%
	221.4%

	Asia, other countries
	41.3%
	68.6%
	68.6%

	Brazil
	59.9%
	81.8%
	81.8%

	Canada, USA
	43.6%
	55.8%
	55.8%

	China
	37.8%
	54.9%
	54.9%

	Former Soviet Union
	79.9%
	94.4%
	94.4%

	India
	49.0%
	91.9%
	91.9%

	Latin America (except Brazil)
	39.4%
	62.4%
	62.4%

	Middle East and North Africa
	42.1%
	76.2%
	76.2%

	OCDE, other
	10.5%
	38.1%
	38.1%

	UE 27
	32.5%
	56.7%
	56.7%









Table S3. Average NUE for 2010 and 2050 in other world regions.

	Region
	2010
	Baseline
	Improved Nitrogen Application

	Asia, other countries
	0.44
	0.31
	0.43

	Brazil
	0.52
	0.40
	0.50

	Canada, USA
	0.68
	0.52
	0.71

	China
	0.28
	0.25
	0.37

	Former Soviet Union
	0.58
	0.40
	0.57

	India
	0.32
	0.23
	0.26

	Latin America (except Brazil)
	0.52
	0.44
	0.59

	Middle East and North Africa
	0.45
	0.28
	0.51

	OCDE, other
	0.52
	0.49
	0.64

	UE 27
	0.46
	0.35
	0.51




Table S4. Total synthetic nitrogen applied in SSA for 2010 and 2050 projections.

	Scenario
	Synthetic Nitrogen (Million tons)

	2010
	1.8

	Baseline
	11.5

	50% GYGA Yield Gap Closure
	32.7

	90% Mueller Yield Gap Closure
	26.3

	Improved Nitrogen Application
	5.7

	Urea Treatment of Crop Residues
	16.1

	Urea Treatment Plus Concentrates
	16.7

	More Monogastric Focused Diets
	13.0

	50% Waste Reduction
	10.6

	Combined Options
	17.2
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Table S5. The production emissions break down in SSA for 2010 and 2050 projections (MtCO2e yr-1).

	Scenario
	Energy for crops
	Energy for fertilizers and pesticides
	Energy for livestock
	Enteric
	Manure left on pastures
	Manure management
	Organic fertilizer applied
	Rice cultivation
	Synthetic fertilizer applied
	Total

	2010
	18
	10
	4
	438
	79
	57
	17
	55
	12
	690

	Baseline
	33
	38
	18
	725
	139
	103
	50
	105
	70
	1,281

	50% GYGA Yield Gap Closure
	17
	93
	18
	725
	139
	103
	45
	65
	198
	1,403

	90% Mueller Yield Gap Closure
	17
	76
	18
	725
	139
	103
	45
	54
	158
	1,334

	Improved Nitrogen Application
	33
	22
	18
	725
	139
	103
	50
	105
	37
	1,232

	Urea Treatment of Crop Residues
	33
	55
	18
	556
	107
	118
	50
	104
	65
	1,107

	Urea Treatment Plus Concentrates
	36
	57
	18
	482
	89
	122
	49
	104
	72
	1,029

	More Monogastric Focused Diets
	36
	43
	18
	402
	82
	68
	47
	108
	76
	878

	50% Waste Reduction
	30
	35
	15
	693
	134
	99
	45
	101
	64
	1,217

	Combined Options
	17
	52
	15
	214
	49
	63
	37
	53
	88
	589
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