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|. Setting the Stage

1. Introduction

* World approaching 10 billion people
— Food and Nutritional Security
— Resilient Food Supply Chain
— Sustainable Ag Productivity Growth
— Impact on environmental assets

e Climate change pressures

* Income inequality

e Future pandemics & emergent environmental crises
* Impact of Conflict
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|. Setting the Stage

1. Introduction

* Longgame
o Operational policy challenge requires focus, commitment & leadership

o By necessity, this challenge requires growth that is mindful of the resource limitations and preserving our natural
assets.

* Tracking Progress:
o Are efforts on measuring sustainable growth useful for policy makers?

o Interpreting results and communicating sustainable growth policy makers.

* Policy orientation:
o a clear definition of sustainable productivity;
o well-defined goals, targets, and milestones; and

o clear recommendations on effective action
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|. Setting the Stage: Sustainable Agricultural Growth

[

"Environment
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Policy Imperative: Demand Perspective

USDA Economic Research Service
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crops and food products
through 20507?

2. What is the effect of
agricultural productivity
growth on food prices and
cropland area expansion?
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Research Questions

1. How do increasing population and income affect global demand for crops and food products through 2050?
2. What is the effect of agricultural productivity growth on food prices and cropland area expansion?
3. How do alternative assumptions about population growth affect the size of the world agricultural system in 2050?



.

Population and Income Drive Projections of World Food Consumption

Projections of world food calories and crop calories, 2011-50

Calories (trillion) High population growth, * A USEfUI measure
16,000 /i:ncome—driven diet Of the s|ze Of the
14,000 - Crop calories msgriszdpr?v':;ﬂﬂ:g? growth, world agricultu ral
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\Historical food calories through 2019 static diet hlStO rlcal Iy .
0007 implied increasing
2,000 - consumption of
0 , , | . . . . . — Total calories
1990 2000 2010 2020 2030 2040 2050 2060 2070 . An|ma| prOdUCtS

Notes: Three illustrative scenarios are shown: a static diet (per capita consumption of food calories remains constant at 2011 levels in all world regions) with medium population
growth; an income-driven diet with medium population growth; and an income-driven diet with high population growth. The static diet is a point of comparison to quantify the
effect of income growth on food consumption.
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A useful measure of the size of the world agricultural system is total calories from crops
Crop calories are greater than calories available for food, primarily due to losses as feed is converted to meat, dairy products, and eggs
Rising per capita incomes have historically implied increasing consumption of animal products, with large increases in feed calories relative to increases in calories consumed as food
Uncertainty is handled through scenarios
Per capita food consumption remains constant over time in the static diet scenario
Uncertainty in population growth is represented by alternative projections from the United Nations.



Policy Imperative: Supply Perspective

By-production framework (Good and Bad Netputs)
o Desirable (marketed) outputs

o Undesirable (bad) outputs
o Mitigating output activities
Environment assets:

o No longer a free inputs or valueless output
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Policy Imperative: Market Perspective

« Accounting for environmental service and assets
o Institutionalizing ecosystem services markets

o Nontraditional commodity markets (think carbon)
* Private versus Social costs

o Local decisions driven private (firm-level) costs
o Regional and Global decisions/policies driven by social costs
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2. Sustainable Growth Definitions

We like the vibe, but debate over the core concept to measure

First, Who are the Stakeholders:
o Farm businesses
o Environment
o Health
o Communities
o Society
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2. Sustainable Growth Definitions: United Nations (SDG 2)

End hunger, achieve food security and improved nutrition and promote
sustainable agriculture

SDG 2.3: By 2030, double the agricultural productivity and incomes of small-scale food producers, in particular
women, indigenous peoples, family farmers, pastoralists and fishers, including through secure and equal access to
land, other productive resources and inputs, knowledge, financial services, markets and opportunities for value
addition and non-farm employment.

SDG 2.4: By 2030, ensure sustainable food production systems and implement resilient agricultural practices that
increase productivity and production, that help maintain ecosystems, that strengthen capacity for adaptation to
climate change, extreme weather, drought, flooding and other disasters and that progressively improve land and
soil quality.
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2. Sustainable Growth Definitions: OECD

Building sustainable agriculture and food systems in a changing environment: Shared
challenges, transformative solutions
(Nov 2022 Ministerial Meeting)

....the agricultural sector needs to do more with less, and sustainable productivity growth has
to increase significantly.

Average global agricultural productivity will need to increase by 28% over the next decade —
more than triple the increase recorded in the last decade — in order to achieve the Zero hunger
target (SDG 2) while simultaneously keeping agricultural emissions on track to reach the Paris
Agreement targets.

Take several new actions to measure the agriculture and agri-food sector’s progress towards
environmental sustainability

L_J;S__DA Economic Research Service
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2. Sustainable Growth Definitions: USDA

Sustainable Productivity Growth Coalition | USDA

Voluntary coalition of action with 120 members aims to accelerate the transition to more sustainable food
systems through productivity growth that optimizes agricultural sustainability across social, economic, and
environmental dimensions.

Sustainability must balance economic, social and environmental dimensions.

USDA bases its approach to agricultural sustainability on two definitions, both of which incorporate the three
dimensions of sustainability:

. Satisfying human needs;
. Enhancing environmental quality, the resource base, and ecosystem services;

e Sustaining the economic viability of agriculture

=22 Economic Research Service
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holistic approach to productivity growth that considers impacts and tradeoffs among multiple objectives, including, but not limited to, food security and nutrition, food safety, food affordability, food access, diet quality, farmer and farmworker incomes and wellbeing, equity and inclusion, food loss and waste, animal welfare, resource conservation, biodiversity, soil health, water quality, resilience, and climate change mitigation and adaptation.

Member include: 23 Nations (incl the Eur Comm), 57 Private firms, 13 Academic & Research Orgs, 23 International Orgs and Foundations

https://www.usda.gov/oce/sustainability/spg-coalition

Toward Measuring Sustainable Growth in Agriculture

* Tracking Progress
o Within a nation
o Between nations and regions

* Multiple measures
o No Single measure sufficient
o Triangulate

e Total Factor Productivity Network and the Environment (OECD)
o Focus on Environment

=22 Economic Research Service
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How to track out progress? Are efforts on measuring sustainable growth useful for policy makers? Interpreting results and communicating sustainable growth policy makers. 

Multiple Measures:

No single measure will suffice. Need to accommodate the heterogeneity of the production environment. 
Including agri-environmental indicators (e.g., GHG emissions and nutrient loadings) together with this estimate of TFP requires shadow-values for the environmental resources. 
Apart of GHG emissions, shadow values for other environmental indicators are not well established and are likely to vary considerably by location.   



Role of Innovation, R&D and TFP

Total Factor Productivity (TFP)
e Ratio of Outputs realized to Resources allocated

* Agricultural as a natural resource-based system

* Measure of our ignorance
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Role of Innovation, R&D and TFP

___________________________ Key policy drivers

'y T \
= - Research and development
g TFP > - Extension and education
-
pa :_n growth - Market access
- %' = - Institutional reforms
4
3 50
> = Lo <
5 = )
= Input
E intensification - Price policies and incentives
E - Credit policies
Irrigation extension - Market infrastructure

- Irrigation investment
- Land policies
- Trade policies

- Exchange rates
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From World Agricultural Production …. Box 1


Il. From Definition to Conceptualization

1. TFP growth as a component of Sustainable Productivity Growth

2. Focusing on the Policy Challenges
o Across countries we have common end goals. Policy and stakeholder challenges
o Target: to minimize the impact of agricultural production on environmental
degradation at a minimum, and seek to enhance the environmental asset base;
o Paths to get there vary.
o Output- and market oriented (Climate smart), adaption, mitigation, resilience.
o Input-oriented approaches
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Il. From Definition to Conceptualization/2

3. Facilitating and Promoting Growth

o This does not have to be a trade-off situation between ag output vs.
environmental preservation improvement (zero-sum game).

o This can be a win-win:
* land-saving activity,
e water-use saving/water quality gaining,
* soil health enhancing
* GHG-reducing activity
o The productivity series we generate will be used as a benchmark to guiding
policy efforts in where to target future policy efforts and data generation
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Il. From Definition to Conceptualization/3

4. Innovation & Creative Solutions
o role for ag science innovation
o role of creative economic mechanisms (incentives, markets) to effect

change
o facilitating market development and growth (emissions trading
schemes, creating credibility in these markets — carbon intensity

measurement)
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I1l. Forces Shaping World Agriculture
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1. International Comparisons (1961-2020)

Ag Output increased 4x

Population increased 2.6x
o 53% 1 ag output per cap

Real food prices { relative general price
level

Most growth from ag productivity gains

Production shifting to Global South
o Share 1 from 44% to 75%
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Presentation Notes
The Global South:
LAC:  Latin America and the Caribbean;
SSA: Sub-Saharan Africa;
CWANA: Central and West Asia and North Africa;
Northeast (NE) Asia: China, Mongolia, and North Korea;
Southeast (SE) Asia: Southeast Asia and Pacific island states and territories;
South Asia: India, Pakistan, Bangladesh, Sri Lanka, Nepal, and Bhutan.
The Global North:
High-income (HI) Asia: Japan, South Korea, and Taiwan;
Oceania: Australia and New Zealand;
Europe (including Kazakhstan and all of Russia), which is further broken down into:
Eastern Europe: Russia, Ukraine, Belarus, Moldova, and Kazakhstan;
Central Europe: Poland, Hungary, Czechia, Slovakia, Romania, Bulgaria, Albania, and the States that make up former Yugoslavia (i.e., Croatia, Slovenia, Serbia, Bosnia and Herzegovina, Montenegro, and Macedonia);
Western Europe: the rest of Europe;
Canada-United States.



World agricultural output, price, cropland, and population since 1900 (Fig 1)
From Fuglie et al, 2024
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Presentation Notes
Figure 1 illustrates long-term trends in global agricultural output, prices, and cropland, as well as in world population, over the 120 years from 1900 to 2020, along with population and cropland projections to 2040. The global population increased from 1.65 billion in 1900 to surpass 8 billion by 2023, and it is projected to reach 9 billion by the late 2030s. Cropland, on the other hand, has increased at a much slower pace, from 1.14 billion hectares in 1900 to 1.57 billion hectares in 2020. Global agricultural production, by volume of total crop and livestock products harvested, increased more than sevenfold over this 120-year period. Agricultural commodity prices, expressed as a composite index relative to the price of manufactured goods, were on a declining trend through the 20th century (1900–2000) but rose significantly during the first part of the 21st century (2000–2022). The nearly 60-percent decline in real agricultural prices in the 20th century reflected a dramatic increase in the efficiency of the world agrifood system due to the adoption of improved technologies and widening trade that enabled efficiencies from specialization, where regions and farms produce the commodities they are best at producing. The increase in agricultural prices over the past two decades is likely due to a number of factors, including rapidly growing demand for richer and more diverse diets in low- and middle-income countries, the growing use of commodities for biofuel, a slowing pace of technological innovations, and the effects of climate change 

Fuglie, K.O., Morgan, S., & Jelliffe, J. (2024). World agricultural production, resource use, and productivity, 1961–2020 (Report No. EIB-268). U.S. Department of Agriculture, Economic Research Service. 


World agricultural output in the Global North and Global South, 1961-2020 (Fig 3)
From Fuglie et al, 2024
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Production Shifted to the Global South 
Over the six decades from 1961 to 2020, the volume of global agricultural output increased nearly fourfold, from just over $1.1 trillion to over $4.3 trillion at constant 2015 prices (figure 3). In the 1960s and 1970s, agricultural output was evenly divided between the Global North and Global South, but subsequently agriculture expanded more rapidly in the Global South. By 2020, the Global South accounted for 73 percent of global agricultural production, up from 44 percent in 1961. These patterns of growth were stimulated by the rising world population, shifts in demand, technological change, and policy reforms. 

What are the environmental pressures and consequences on greater production in the Global South? Think of the resource constraints, particularly water.


Diversification in global animal and aquaculture production, 1961-65 and 201620 (Fig 06)

From Fuglie et al, 2024
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Animal Output Composition Shows Declining Value Share for Ruminants
Taken together, products from livestock and aquaculture grew by more than fourfold from $433 billion per year to $1.62 trillion per year and increased their overall share in global agricultural output from 37.5 percent to 39.2 percent between 1961–65 and 2016–20 (figure 6). Within the livestock and aquaculture sectors, the composition of output changed to include more aquaculture and poultry products and relatively less meat and milk from ruminant livestock (mainly cattle, buffalo, goats, and sheep, but also equines and camelids). In many low- and middle-income countries, poultry and fish are cheaper sources of dietary protein than beef. Technological progress in reducing costs of production and improving quality in poultry and aquaculture has also advanced rapidly (Delgado et al., 1999; Naylor et al., 2020). This has helped make these products more widely available and affordable to consumers. 





Wortld agricultural employment and agriculture’s share of total employment, 1961-2020 (Fig 9)
From Fuglie et al, 2024
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Presentation Notes
Note: Agricultural labor is measured as the number of adults (male and female over 15 years old) whose primary economic activity is agriculture.

The amount of labor used in world agricultural production steadily increased from 658 million workers in 1961 to a high of 1.06 billion workers in 2003. Following this 2003 peak, the total number of agricultural workers declined, reaching 841 million by 2020 (figure 9). However, despite the increase in the total number of workers in agricultural production, agriculture’s share of total global employment steadily declined throughout this period from nearly 61 percent in 1961 to 26 percent in 2020. 



World agricultural labor and capital stock, 1961-2020 (Fig 10)
From Fuglie et al, 2024
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Note: Agricultural capital includes structures, machinery, breeding stock, and tree stock, but excludes land.

Part of the decline in the number of agricultural workers since the 2000s is due to the substitution of capital for labor in agricultural production. Figure 10 depicts the number of agricultural laborers and the amount of agricultural capital stock in global agriculture. From 1961 to 2020, the value of agricultural capital stock increased from $1.9 trillion to $6.4 trillion (in constant 2015 U.S. dollars), which is an average increase of $76 billion annually. Additionally, since the 1990s, most of the growth of agricultural capital took place in the Global South. For example, from 1995 to 2020, agricultural capital stock in the Global South increased by 172 percent, compared with a 25 percent increase in capital stock the Global North.



Quantity and composition of agricultural fertilizers applied worldwide, 1961-
2020 (Fig 12) From Fuglie et al, 2024
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Sources of growth in world agricultural output by decade, 1961-2020 (Fig 18)
From Fuglie et al, 2024
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The first component, area expansion, is often referred to as extensive growth. The last three sources of growth all contribute to raising land productivity and may be referred to as intensive growth, which has for a century or more been far more important for increasing the world’s food supply than extensive growth (figure 1). Among the three sources of yield growth, TFP growth has replaced input intensification as the primary driver of global agricultural growth (figure 18). In the 1960s and 1970s, input intensification was the main source of yield and output growth, when the share of growth attributable to TFP was small but gradually rising over time. Since the 1990s, TFP has been the primary driver of global agricultural growth. 

However, the rate of world agricultural output and TFP growth significantly slowed in the most recent decade (2011–2020) compared with previous decades (figure 18). Output growth fell below 2 percent per year during 2011–20, the lowest rate of growth since 1961. Most of the decline in output growth can be traced to declining TFP growth; between the 2001–2010 decade and the 2011–2020 decade, annual TFP growth fell by nearly half from 1.99 percent to 1.12 percent. The rate of land expansion, although still a relatively small part of agricultural growth, increased significantly in 2011–20 compared with the previous two decades. 



Sources of growth in agricultural output in the Global North and Global South by
decade, 1961-2020 (Fig 19) From Fuglie et al, 2024
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The slowdown in world agricultural output growth during 2011–20 occurred primarily in the Global South (figure 19). In the Global North, agricultural output growth actually accelerated over the past decade, although the average rate of output growth in the Global South was still higher than that of the Global North. In the Global North, agricultural input use declined during the 1980s, 1990s, and 2000s; it was only the TFP increase that allowed output growth to expand in this region during these decades. In the 2010s, the application of inputs per acre increased once again, which was likely incentivized by higher commodity prices since the 2007–08 global food price crisis. 



Agriculture and the Environment: Cropland and Water Use Intensity (Fig 21)
From Fuglie et al, 2024

Global North cropland and water use intensity Global South cropland and wateruse intensity
Hectares of cropland Megaliters of water Hectares of cropland Megaliters of water
3.0 3.0 3.0 3.0
2.0 2.0 2.0
1.5 1.5 15
1.0 1.0 1.0
[ | u ] ]
[ | ] -
0.5 0.5 0.5
0.0 0.0 0.0 0.0
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
Cropland per $1,000 of crop output W Irrigation water per $1,000 of crop output Cropland per $1,000 of crop output B Irrigation water per $1,000 of crop output

=22 Economic Research Service
www.ers.usda. gov



Presenter Notes
Presentation Notes
Since the 1990s, both total cropland and total water withdrawals for irrigation have been declining in the Global North, while they are still increasing in the Global South and worldwide (figure 21). Despite the increased use of cropland and irrigation water in the Global South, significant improvements occurred in resource-use efficiencies, including between 1961 and 2020, the amount of cropland required to produce $1,000 of output declined from nearly 2 hectares to 0.5 hectares in the Global South (and from 2 hectares to just under 1 hectare in the Global North). Between 1987 and 2017, irrigation water use per $1,000 of crop output declined by about 47 percent in the Global South and 30 percent in the Global North. 



Agriculture and the Environment: Agricultural nutrient loadings & nutrient-loading intensities,
1961-2020 (Fig 22) From Fuglie et al, 2024
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Agriculture and the Environment: Agricultural GHG emissions & emissions intensities, 1990-2020

(Fig 23) From Fuglie et al, 2024
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Agriculture and the Environment: OECD

e Environmental Indicators at a Glance
Environment at a Glance Indicators — United Kingdom (oecd-ilibrary.org)

* Country reports
* Indicators:

o Climate Change
Air Quality
Freshwater Resources

O
o
o Circular Economy — Waste & Materials
o Biological Resources & Biodiversity

O

Sustainable Ocean Economy
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new web format for Environment at a Glance Indicators provides real-time interactive on-line access to the latest comparable OECD-country data on the environment from the OECD Core Set of Environmental Indicators – a tool to evaluate environmental performance in countries and to track the course towards sustainable development. The web version allows users to play with the data and graphics, download and share them, and consult and download thematic web-books. These indicators provide key messages on major environmental trends in areas such as climate change, biodiversity, water resources, air quality, circular economy and ocean resources. They are accompanied by a short Environment at a Glance report that presents a digest of the key messages stemming from the indicators.

https://www.oecd-ilibrary.org/sites/51670e68-en/index.html?itemId=/content/component/5584ad47-en&_csp_=c10ead27c3ccb38073e86eed38a666d6&itemIGO=oecd&itemContentType=chapter#section-d1e38974-2835307f13

Agriculture and the Environment: OECD

United Kingdom - GHG emissions by source
Thousand tonnes COZ2 equivalent

@ 1A1 - Energy Industries @ 1A2 - Manufacturing industries and construction
@ 1A3 - Transport @ 1A4 - Residential and other sectors
@ 1AS5 - Energy - Other @ 1B - Fugitive Emissions from Fuels
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@ 5 - Waste Land use, land-use change and forestry (LULUCF)
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Presenter Notes
Presentation Notes
new web format for Environment at a Glance Indicators provides real-time interactive on-line access to the latest comparable OECD-country data on the environment from the OECD Core Set of Environmental Indicators – a tool to evaluate environmental performance in countries and to track the course towards sustainable development. The web version allows users to play with the data and graphics, download and share them, and consult and download thematic web-books. These indicators provide key messages on major environmental trends in areas such as climate change, biodiversity, water resources, air quality, circular economy and ocean resources. They are accompanied by a short Environment at a Glance report that presents a digest of the key messages stemming from the indicators.


Agriculture and the Environment: OECD

United Kingdom Agriculture GHG emissions
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Presentation Notes
new web format for Environment at a Glance Indicators provides real-time interactive on-line access to the latest comparable OECD-country data on the environment from the OECD Core Set of Environmental Indicators – a tool to evaluate environmental performance in countries and to track the course towards sustainable development. The web version allows users to play with the data and graphics, download and share them, and consult and download thematic web-books. These indicators provide key messages on major environmental trends in areas such as climate change, biodiversity, water resources, air quality, circular economy and ocean resources. They are accompanied by a short Environment at a Glance report that presents a digest of the key messages stemming from the indicators.


V. Going Forward

o 1. Brief History of Data
15t Wave: Observational
— Theory based, scarce data
— High impact on policy
2"d Wave: Data confront Theory
— Emergence of official statistics
— Computing power emerges
— National statistics produced with lag; industrial based
— Policy waiting for the data?
34 Wave: Data improves Theory
— High frequency data
— Challenge to process it to meaningful information
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V. Going Forward

(Brief History of Data)
4th \Wave (current) Data is the foundation for evidence building
» Real time monitoring: Emerging issues & Anticipating trends
» Food supply forecasting
» Design & collect internationally accepted common indicators
» National statistics tell one picture
» Not capturing the heterogeneity of impacts on equity, for example
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IV. Going Forward

o Local-Global-Local (heterogeneity)

o Monitoring, Measuring, Reporting and Verification (MMRV)

»Recognizing new data coming online

» Collaboration with climate and ag sciences
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V. Closing Remarks

o Leadership Challenge
> International effort

» Return to the policy maker orientation
o a clear definition of sustainable productivity;

o well-defined goals, targets, and milestones; and

o clear recommendations on effective action

» Assess and revise
o Theory, Models and Data

o Theory driving model development and data
o Data Driving Theory and Model?

o Data are evolving
o Who provides the next wave of data?
o Communication Challenge
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Theory, Models and Data
The needs for data, official statistics, and economic analyses are growing, and NSOs must address numerous policy imperatives between now and 2050. As an illustration, the World’s population is approaching 10 billion people. To provide for this many people, nations need to ensure food and nutritional security, a resilient food supply chain, and sustainable agricultural productivity growth, while controlling any negative impact on environmental assets. These challenges are arising during a time of climate change pressures and income inequality. Agricultural innovation can lead to the conservation of resources. But, what will be the impact of future pandemics, emergent environmental crises, and conflicts?
Data are evolving
New data measuring and monitoring modes will come on line. Satellite monitoring, for example PACE launched last month:  PACE's data will help us better understand how the ocean and atmosphere exchange carbon dioxide. In addition, it will reveal how aerosols might fuel phytoplankton growth in the surface ocean. Novel uses of PACE data will benefit our economy and society. 
Who provides the next wave of data?
A 4th wave of activity is needed to meet the policy imperatives between now and 2040. Data are the foundation for evidence building. Real time monitoring of emerging issues, such as extreme weather events, risk management mitigation and the state of environmental assets and ecosystems, is increasingly available and allow trends to be anticipated. Food supply forecasting is an essential component of providing food security to the world’s increasing population. For these efforts to be successful, internationally accepted common indicators need to be designed and collected. Currently, official statistics paint one picture but, to address these large issues, more detail is needed. As an example, the heterogeneity of impacts on equity need to be more fully captured.

Communication Challenge
Challenges to communicate to public, policy makers and other stakeholders
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Questions?

USDA
—

www.ers.usda.gov www.ers.usda.gov/ @USDA_ERS linkedin.com/company/

data-products/charts-of-note usda-economic-research-service

Subscribe to Weekly E-mail Notifications: www.ers.usda.gov/subscribe

Reach out to the ERS Press Team at ERS.press@usda.gov
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Moving forward, there are a number of ways to stay current on the latest ERS research, whether it’s our website, mobile app or social media. 

Another option is subscribing to email updates for specific topics of interest. The subscribe link is here on the slide but can easily be found at the bottom of our website as well. 

Now that you know what ERS has to offer in terms of data and research for your news coverage, what questions do you have for me? 

[Q&A Session]

If that’s all the questions for today, thank you for your interest in USDA research and data. We at ERS look forward to working with you in the future. 


http://www.ers.usda.gov/subscribe
mailto:ERS.press@usda.gov
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