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Field crops yield reduction estimates
Supplemental Material

Corn and cotton yields both peak at 32°C. After 35°C, yields continue to decline, but because there are so few data with T>35°C, we grouped all T>=35°C and used the 35°C yield reduction. The log reductions are the reduction in yield after 24 hours at the given temperature, taken from (Schlenker & Roberts, 2009). Following several tests performed by Schlenker and Roberts, we assume they are additive and time-independent.

	Temperature
	32°C
	33°C
	34°C
	35°C

	corn log reduction
	0.0107
	0.0055
	-0.0022
	-0.0104

	corn reduction
	1.0108
	1.0055
	0.9978
	0.9897

	1-corn fraction reduction
	0.9963
	0.9912
	0.9835
	0.9755

	cotton log reduction
	0.0114
	0.0059
	-0.0008
	-0.0107

	cotton reduction
	1.0115
	1.0059
	0.9992
	0.9894

	[bookmark: _GoBack]1-cotton fraction  reduction
	0.9974
	0.9919
	0.9854
	0.9756



Table OR3.1. Reduction factors for temperatures of 32°C-34°C and >=35°C from Schlenker and Roberts, 2009.

Calculations and definitions

Average historical yield (kg/ha) from USDA NASS (1950 to 2005)
Arizona, California, New Mexico, Nevada and Utah

Corn:  average bushels/acre for years = 123.85 bushels/acre = 7773.69 kg/ha
Cotton: average lbs/acre = 1017.68 lbs/acre = 1140.67 kg/ha

Total yield reduction, where t is temperatures from 32°C to 35°C; ht is the hours at temperature t; ft is the yield reduction factor at temperature t.

Equation 1.	

Historical non-heat stressed yield = heat stressed yield / (1- historical total yield reduction factor)

Midcentury non-heat stressed yield = historical non-heat stressed yield

Midcentury heat-stressed yield = Midcentury non-heat stressed yield * (1 – midcentury total yield reduction factor)

Midcentury reduction compared to historical yields = 1 – (midcentury heat-stress yield/historical heat-stressed yield)

Results

We find that future corn yields will be reduced 27% from non heat-stressed potential yields, compared to historical 17% reduction from non heat-stressed yields. Thus, we estimate that future corn yields will be reduced by 12% compared to historical yields. 

We find that future cotton yields will be reduced 38% from non heat-stressed potential yields, compared to historical 25% reduction from non heat-stressed yields. Thus, we estimate that future cotton yields will also be reduced by 16% compared to historical yields. 

However, these estimates do not take into account other factors that affect besides temperature, including precipitation, irrigation, fertilization, and breeding strategies.



	
	Hours at each temperature
	Total yield reduction by heat stress
	Non-heat stressed yield (kg/ha)
	Yield with heat stress (kg/ha)

	
	32°C
	33°C
	34°C
	

35°C
	
	
	

	Corn historical
	77
	71
	62
	
216
	17.5%
	9423
	7774

	Corn mid-century
	88
	85
	81
	
411
	27.2%
	9423
	6860

	Cotton historical
	83
	76
	71
	
392
	25.5%
	1542
	1140

	Cotton mid-century
	101
	96
	89
	

632
	37.5%
	1542
	964



Table OR3.2. Total estimated hours at each temperature, total yield reductions, heat stressed and non-heat stressed yields. The yield with heat stress are determined from data for historical. We calculate non-heat stressed yields for historical, which we assume are constant through mid-century, from which we calculate the mid-century yield with heat stress. Hours at each temperature and total yield reduction summaries are calculated with each pixel weighted by the crop density.
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Figure OR3.1. Map of crop density and temperature reduction factors for corn and cotton yields for historical and future (midcentury) temperatures. For density plots (left column), grey indications <10% cover; yellow indicates 10-20% cover; light orange indicates 20-30% cover; dark orange indicates 30-40% cover; red indicates 40-50% cover, dark red indicates 50-99% cover, and black indicates 100% cover. For the reduction maps (middle and right columns), grey indicates <10% reduction; yellow is 10-25% reduction; orange is 25-40% reduction; red is 40-50% reduction; dark red is 50-99% reduction; and black points indicate 100% yield reduction in yield due to temperature.
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