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US agricultural output tripled since the 1950s
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Output tripled with the same inputs
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The gap between output and inputs is productivity
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Good for farmers: 11x the output per hour of labor

Output 3.1x + Labor 0.27x =
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Good for the environment: 4.3x the output per acre
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But fertilizer and pesticide use grew faster than output

same series, wider scale
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1960s

Output per worker (2015 US$)
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1970s

Output per worker (2015 US$)
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Output per worker (2015 US$)
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1990S

Output per worker (2015 US$)
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Output per worker (2015 US$)
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Output per worker (2015 US$)
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Key messages of this talk

1  Productivity growth is slowing.

The main driver is slowing R&D —
but increasingly it’s climate.

Maintaining productivity growth
requires a historical pivot.



Message 1

0 Productivity growth is slowing.

The main driver is slowing R&D —
but increasingly it’s climate.

Maintaining productivity growth
requires a historical pivot.
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Productivity growth, decade by decade
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Source: USDA ERS, Agricultural Productivity in the US (1948-2023). Bars: trend growth of log TFP within each window.
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The engine is slowing: productivity is 15% below its postwar trend

— 2023: 15% below trend Since 2010: 0.5% per year
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Productivity growth by decade: agriculture
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Agriculture led the economy for two decades; since 2010 it has
fallen behind
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Message 1 — so why?

0 Productivity growth is slowing.

The main driver is slowing R&D —
but increasingly it’s climate.

Maintaining productivity growth
requires a historical pivot.
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Message 2

1  Productivity growth is slowing.

The main driver is slowing R&D —
but increasingly it’s climate.

Maintaining productivity growth
requires a historical pivot.
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It looks like we spend more on research every year

Public = USDA intramural research (ARS, ERS, NASS, ...) + state experiment stations and vet schools,
counted where spent (incl. NIFA’s Hatch and AFRI funds). Extension not included.
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Source: USDA ERS long-term public ag R&D series (Huffman & Evenson 2006 to 1950; ERS after), deflated with the NIH BRDPI; replication package of Ortiz-Bobea et al. (PNAS 2025).
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In real terms, we stopped forty years ago

Public = USDA intramural research (ARS, ERS, NASS, ...) + state experiment stations and vet schools,
counted where spent (incl. NIFA’s Hatch and AFRI funds). Extension not included.
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Public money in agriculture, in today’s dollars: research...
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...and direct payments to farmers

$80B
2020: trade war + COVID ($46B nominal)
economic &
B . . disaster assistance
bﬁ 560 2005: disaster + counter-cyclical
)
g 2000: market-loss assistance 2026F
o _ . Yy
) 1987 falrm Crisis Z
L $40B .
(S . 2
o Direct government payments to farmers Z
o 7
o 1983: payment—/n—k/mlj 7
[aN
$208B
‘_ Publicfagricultural

1940 1960 1980 2000 2020

Source: USDA ERS Farm Income and Wealth Statistics (Sept 3, 2026; 2026 = forecast); RMA/ERS crop-insurance premium subsidies; ERS public ag R&D. All in 2026 $ via the GDP deflator.

26



...and crop-insurance premium subsidies

+ crop-insurance premium subsidies
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As a share of farm GDP
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Public ag R&D: the United States versus others
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Public ag R&D: the United States versus others
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Public ag R&D: the United States versus others

2015: China $10.1B vs. US $4.9B — about 2 to 1
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Research is an investment: the money goes in first...

research
spending
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...ahd the benefits arrive over decades

research
spending

Research costs and benefits
per year (stylised, no units)

equal areas:
timing, not the size of the return
adoption: benefits rise maximum disadoption: the technology
as farmers take it up adoption is superseded, benefits fade
gestation lag, research benefits
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Today’s productivity reflects investments decades ago

Research costs and benefits

per year (stylised, no units)
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Past spending adds up to a knowledge stock — which has

stopped growing

1948-2009: stock +3.6% a year 20710-23: stock +0.9% a year
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Productivity tracks the knowledge stock

1948-2009: stock +3.6% a year, 2010-23: stock +0.9% a year,
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Flat budgets: the stock peaks around 2030, then shrinks

1948-2009: stock +3.6% a year, 2010-23: stock +0.9% a year, if budgets stay flat,
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Increasingly, it is climate: heat hurts productivity

mean response
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Above 30 °C, productivity falls off a cliff

mean response
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And in the data: the hot years are the bad years
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Hours above 30 °C over US farmland: the climate models’ history
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Source: Ortiz-Bobea et al. (PNAS 2025); 25 CMIP6 models (CIL downscaling), ensemble mean and range.
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Climate is pushing crops toward the cliff

1985-2014: 532 hours/yr —> 2040-2069 (SSP2-4.5): 932 hoursfyr (+75%)
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Under every scenario

1985-2014: 532 hours/yr —> 2040-2069 (SSP2-4.5): 932 hours/yr (+75%)
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What that does to productivity
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About 9% lower by 2050
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Source: Ortiz-Bobea et al. (PNAS 2025), Fig. 3: CMIP6 ensemble with bootstrap uncertainty (90% and 95% bands).
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8-13% lower by 2050 — under every scenario

- SSP1-2.6
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Source: Ortiz-Bobea et al. (PNAS 2025), Fig. 3: CMIP6 ensemble with bootstrap uncertainty (90% and 95% bands).
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Message 2 — recap

1  Productivity growth is slowing.

The main driver is slowing R&D —
but increasingly it’s climate.

Maintaining productivity growth
requires a historical pivot.
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Message 3

1  Productivity growth is slowing.

The main driver is slowing R&D —
but increasingly it’s climate.

2

Maintaining productivity growth
requires a historical pivot.
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What we did in the PNAS 2025 paper, in three steps

STEP 1 STEP 2
History: R&Dg h.eat and The climate slowdown
productivity
productivit
-9% by 2050

public R&D

1950 2020 0°C

30 °C

Seventy years of data: what each research
dollar bought, with what lags — and how

h what lags — 2020 | 2100
heat cuts productivity, with a cliff above 30
°C

Run 25 climate models and 4 scenarios

through that response: about 9% lower
productivity by 2050

STEP3

Solve for the R&D

with more
R&D

offset
with climate
change

2020 2050

The research spending that keeps
productivity on its past trend, to 2050

49



Strategy 1: grow the budget gradually — offsetting climate by
2050 takes 5-8% a year

Needed 2021-2050

|-

§ to offset climate change
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Source: USDA ERS spending (2020 US$); Ortiz-Bobea et al. (PNAS 2025), Fig. 4B and Table S12 (means and 95% Cl). 50



Has the budget ever grown that fast? Public ag R&D growth, by
decade

Needed 2021-2050

—
§ Historical, by decade to offset climate change
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Source: USDA ERS spending (2020 US$); Ortiz-Bobea et al. (PNAS 2025), Fig. 4B and Table S12 (means and 95% Cl). 51



We have done this before. Twice — after each world war

Needed 2021-2050

(-

§ Historical, by decade to offset climate change
© 1900s: build-out from a tiny base
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o (Hatch Act 1887, Adams Act 1906)
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> 15%
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._% . 11.7  1920s: through the farm crisis,
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Source: USDA ERS spending (2020 US$); Ortiz-Bobea et al. (PNAS 2025), Fig. 4B and Table S12 (means and 95% Cl). 52



Gradual R&D growth points to a delayed recovery

200

Public R&D spending growth from 2021, under the
middle-of-the-road climate scenario (SSP2-4.5)

150

flat budgets

Productivity (TFP), 2020 = 100

observed

1950 1975 2000 | 2025 2050 2075 2100

Source: Ortiz-Bobea et al. (PNAS 2025), projection following Fig. S26 (R&D lag structure, CMIP6 climate impacts); shaded = 90% range.
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Gradual R&D growth points to a delayed recovery

200

Public R&D spending growth from 2021, under the
middle-of-the-road climate scenario (SSP2-4.5)

150

+1% per year

flat budgets

Productivity (TFP), 2020 = 100

observed

1950 1975 2000 | 2025 2050 2075 2100

Source: Ortiz-Bobea et al. (PNAS 2025), projection following Fig. S26 (R&D lag structure, CMIP6 climate impacts); shaded = 90% range.
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Gradual R&D growth points to a delayed recovery

200

Public R&D spending growth from 2021, under the
middle-of-the-road climate scenario (SSP2-4.5)

150

+2% per year

+1% per year

flat budgets

Productivity (TFP), 2020 = 100

observed

1950 1975 2000 | 2025 2050 2075 2100

Source: Ortiz-Bobea et al. (PNAS 2025), projection following Fig. S26 (R&D lag structure, CMIP6 climate impacts); shaded = 90% range.
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Gradual R&D growth points to a delayed recovery

200

Public R&D spending growth from 2021, under the
middle-of-the-road climate scenario (SSP2-4.5)

+3% per year
150

+2% per year

Productivity (TFP), 2020 = 100

OO === \ A, . Y ~~ +1% per year
flat budgets
2020
50 f
observed
1950 1975 2000 12025 2050 2075 2100

Source: Ortiz-Bobea et al. (PNAS 2025), projection following Fig. S26 (R&D lag structure, CMIP6 climate impacts); shaded = 90% range.
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Strategy 2: a fixed supplement on top of today’s $5B

Needed 2021-2050 to offset
Historical average, by decade climate change (on top of 2020)
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$10B

2020 level, carried forward

$0B L

1890s 1910s 1930s 1950s 1970s 1990s 2010s SSP1-2.6 SSP3-7.0
1900s 1920s 1940s 1960s 1980s 2000s SSP2-4.5 SSP5-8.5
Source: USDA ERS spending (2020 US$); Ortiz-Bobea et al. (PNAS 2025), Fig. 4C and Tables S14-S15 (fixed-supplement scenario, means and 95% Cl). 57
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It takes $2—4B more per year just to offset climate

Needed 2021-2050 to offset
Historical average, by decade climate change (on top of 2020)
+3.

8
0 1 (a]
+2.2 0, g
0
i I 2020: $5.0B
$0B

1890s 1910s 1930s 1950s 1970s 1990s 2010s SSP1-2.6 SSP3-7.0
1900s 1920s 1940s 1960s 1980s 2000s SSP2-4.5 SSP5-8.5
Source: USDA ERS spending (2020 US$); Ortiz-Bobea et al. (PNAS 2025), Fig. 4C and Tables S14-S15 (fixed-supplement scenario, means and 95% Cl). 58
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$2B a year is the floor for standing still

Needed 2021-2050 to offset
Historical average, by decade climate change (on top of 2020)
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Public ag R&D, 2020 US$ billion per year
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1900s 1920s 1940s 1960s 1980s  2000s SSP2-4.5 SSP5-8.5

Source: USDA ERS spending (2020 US$); Ortiz-Bobea et al. (PNAS 2025), Fig. 4C and Tables S14-S15 (fixed-supplement scenario, means and 95% Cl). 59



$65-113B by 2050, just to stand still

Needed 2021-2050 to offset
Historical average, by decade climate change (on top of 2020)
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Cumulative 2021-2050: $65-113B
just to stand still against climate change
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Public ag R&D, 2020 US$ billion per year

1890s 1910s 1930s 1950s 1970s 1990s 2010s SSP1-2.6 SSP3-7.0
1900s 1920s 1940s 1960s 1980s 2000s SSP2-4.5 SSP5-8.5
Source: USDA ERS spending (2020 US$); Ortiz-Bobea et al. (PNAS 2025), Fig. 4C and Tables S14-S15 (fixed-supplement scenario, means and 95% Cl). 60



Limitations

No targeted adaptation research

We price the historical mix of research; adaptation-focused R&D could be cheaper — conservative.

Future returns like the past

We assume research pays off as it did over 1950-2020 — could cut either way.

Public R&D only

Private R&D is a complement, not a substitute; it is not in this number.

61



Key messages of this talk

Productivity growth is slowing.

The main driver is slowing R&D —
but increasingly it’s climate.

Maintaining productivity growth
requires a historical pivot.
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Thank you

Ariel Ortiz-Bobea
arielortizbobea.github.io

ao332@cornell.edu

the paper these slides
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Extra slides

who pays for public research - public vs private R&D
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Who spends it, and who pays: USDA and the state stations, by
source of funds

8B
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Source: InSTePP (Pardey et al., Univ. of Minnesota), SAES and USDA intramural research expenditures, 48 states, 1890-2007 (forestry and extension excluded); 2000 US$ converted to 2020 US$.

InSTePP accounts (Pardey et al.), 1890-2007: USDA intramural + experiment stations, by source of funds;
excl. forestry and extension; levels differ slightly from the ERS series (deflator, vet schools).

1862 Morrill Act 1994 tribal colleges

1887 Hatch Act
federal funds for experiment stations

1890 Second Morrill Act
historically Black land-grants

1914 Smith-Lever Act
cooperative extension

1880 1900 1920 1940 1960

land-grant colleges gain land-grant status

2007: $5.5B
Stations, other funds: 15%

(sales, industry, other)

Stations, state funds: 26%
(state appropriations)

Stations, federal funds: 26%
(Hatch and other federal)

USDA intramural: 33%
(ARS, ERS, NASS, ...)

1980 2000 2020
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Private R&D has overtaken public research — and itis a
complement, not a substitute

Private farm-input R&D passed public research in 2012
($7.5B against $5.5B by 2014). A complement to
public research, not a substitute.
$8B 2014: $7.5B

Public: USDA + state stations r'
$6B “"
Private: farm-input industries

(seed, chemicals, machinery, animal health) '

Agricultural R&D, 2022 US$

e A
N/
Private: food industry
$2B
$0B 1970 1980 1990 2000 2010 2020

Source: USDA ERS, Agricultural and Food R&D Expenditures in the United States (1970-2022), constant 2022 US$; private input-industry series ends in 2014.

66



