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Motivation

Since the 2007/2008 commodity crisis, there has been a convergence of interest in the
global farm and food system and its contributions to feeding the world’s population as well as to
ensuring the environmental sustainability of the planet. This has underscored the vulnerability of
the global food system to shocks from extreme weather events, energy and financial markets,
as well as government interventions in the form of export bans and other measures designed to
avoid domestic adjustment to global scarcity. We have learned that a “perfect storm” in which all
these factors coincide can have a severe impact on the world’s poor, as well as putting
considerable pressure on the world’s natural resource base. As we look ahead to the middle of
this century, will the world’s resource base be up to the task of meeting the diverse demands
being placed on it? What will be the environmental impact of such demands?

The number of people which the world must feed is expected to increase by another 2
billion by 2050. When coupled with significant nutritional improvements for the 2.1 billion people
currently living on less than $2/day, this translates into a very substantial rise in the demand for
agricultural production. Over the past century, global agriculture has managed to offer a growing
population an improved diet, primarily by increasing productivity on existing cropland. Can this
feat be repeated in the next forty years? There are recent signs of slowing yield growth for key
staple crops and public opposition to genetically modified crops has slowed growth in the
application of promising biotechnology developments to food production in some parts of the
world. In addition, the IPCC foresees climate change becomes a significant drag on future
productivity growth. In this context, the growing use of biomass for energy generation has
contributed to concerns about future food scarcity. Indeed, over a two year period from 2005/6 —
2007/8, ethanol production in the US accounted for roughly half of the increase in global cereals
consumption. To compound matters, water, a key input into agricultural production, is becoming
increasingly scarce in many parts of the world. Since irrigated agriculture accounts for 70% of all
freshwater withdrawals worldwide and about 40% of world agricultural output, such water
scarcity is likely to impinge on global food availability and cost.

In addition, agriculture and forestry are increasingly envisioned as key sectors for climate
change mitigation policy — offering low cost, near term abatement of greenhouse gas emissions.
Yet any serious attempt to curtail these agricultural emissions will involve changes in the way
farming is conducted, as well as placing limits on the expansion of farming — particularly in the
tropics, where most of the agricultural land conversion has come at the expense of forests.
Limiting the conversion of forests to agricultural lands is also critical to preserving the planet’s
biodiversity. These factors will restrict the potential for agricultural expansion.

In light of these challenges facing the world’s resource base, this course will explore the
fundamental drivers behind drivers of change in the global food system and the interactions with
environmental and food security over the first half of this century.



Format for the class

This course has previously been taught at Stanford University (joint with David Lobell) and twice
at Purdue University (Spring semester, 2013 & 2014). It is a 3 credit class, meeting twice a
week for a full semester. The first meeting of each week will introduce a new dimension of
global land use, food and environmental security. We will kick off the week’s activities with a
guest lecture, followed by student-led discussion of the week’s readings. The second meeting of
each week will emphasize the economics underpinning how this particular dimension of the
problem affects the global food system, resource use, environmental quality and nutritional
outcomes. This will be motivated by the lab assignments which students undertake. The lab
assignments are based on the SIMPLE economic model of global agriculture (a Simplified
International Model of agricultural Prices, Land use and the Environment). These lab
assignments will allow students to obtain a hands-on assessment of the relative importance of
the different forces bearing on the long run supply and demand for food and land resources, as
well as the implications for food security and the environment. The capstone event in this course
is the student project, which will involve the application of SIMPLE to a problem of the student’s
choosing. (See the end of this syllabus for a listing of previous topics.)

The structure of each week’s module will be as follows:

First meeting of each week (10:30 am - 11:45 am: Tuesday; Krannert G-7)
1) 45 minute presentation on the weekly topic led by a faculty member
2) 30 minute student-led discussion of the week’s readings

Second meeting of each week (10:30 am - 11:45 am: Thursday; Krannert G-7)
1) 30 minute presentation on the economic dimensions of the topic
2) 45 minute discussion of the lab assignment

Classes will be held in KRAN G-7

Prerequisites

This is an interdisciplinary course. As such, there are few prerequisites. A prior course in
economics will ensure an understanding of the basic aspects of supply, demand and economic
equilibrium. A solid grasp of mathematics up to and including differential calculus is also
essential to understand the labs. Prior experience with mathematical modeling is also a plus.

Grading

Grades will be based on three factors: lab assignments, the quality of student led discussions of
readings (each student will be asked to submit two discussion questions in advance of the first
meeting each week), and the final project, which will be the focal point of the second half of the
semester. There is no exam in this course.

Communication

Please note that my primary out-of-class method of communication will be via email to your
Purdue email address. | will not generally attempt to contact you at email addresses other than



your Purdue email address. It is your responsibility to check for mail on a regular basis. |
recommend checking your Purdue email account at least once every 24 hours.

Special Needs

If you have a disability that requires academic adjustments, please make an appointment to
meet with me during the first week of classes to discuss your needs. Please note that university
policy requires all students with disabilities to be registered with Adaptive Programs in the Office
of the Dean of Students before classroom accommodations can be provided.

Academic Integrity

University policy on academic dishonesty is clear: academic dishonesty in any form is strictly
prohibited. Anyone found to be cheating or helping someone else cheat will be referred directly
to the Dean of Students for disciplinary action. Penalties are severe and may include dismissal
from the University. The risks associated with cheating far outweigh the perceived benefits.
Academic dishonesty includes citing someone else's work as your own, using "cheat sheets" or
sharing your answers with someone else. If you are unsure whether your planned action
constitutes academic dishonesty, seek clarification from your instructor. Other information
regarding your rights and responsibilities as a student is contained in the Purdue University
Code of Conduct. Writing assignments for this course will be checked for originality using the
iThenticate software.

Campus Emergencies

In the unusual event of a major campus emergency, course requirements, deadlines and
grading percentages are subject to changes that may be necessitated by a revised semester
calendar or other circumstances. To get information about changes in this course visit the
course home page, contact me by email at hertel@purdue.edu or call my office (494-4199).

To report an emergency, call 911. To obtain updates regarding an ongoing emergency, sign up
for Purdue Alert text messages, view www.purdue.edu/ea. There are nearly 300 Emergency
Telephones outdoors across campus and in parking garages that connect directly to the PUPD.
If you feel threatened or need help, push the button and you will be connected immediately.

If we hear a fire alarm during class we will immediately suspend class, evacuate the building,
and proceed outdoors. Do not use the elevator. If we are notified during class of a Shelter in
Place requirement for a tornado warning, we will suspend class and shelter in the basement. If
we are notified during class of a Shelter in Place requirement for a hazardous materials release,
or a civil disturbance, including a shooting or other use of weapons, we will suspend class and
shelter in the classroom, shutting the door and turning off the lights.

Please review the Emergency Preparedness website for additional information.
http://www.purdue.edu/ehps/emergency preparedness/index.html



http://www.purdue.edu/odos/drc/
http://www.purdue.edu/ODOS/
http://www.purdue.edu/ODOS/
http://www.purdue.edu/purdue/about/integrity_statement.html
mailto:hertel@purdue.edu
http://www.purdue.edu/ea
http://www.purdue.edu/ehps/emergency_preparedness/index.html

Week 1: Overview: Jan. 13 - Lecture by Tom Hertel

During this week we will obtain an overview of the issues involved in the long run evolution of
agriculture and the challenges of sustainably feeding the world’s growing population. In addition
to a descriptive, historical perspective on the issue, we will lay out a stylized, analytical
framework which highlights the economic mechanisms at work.

Required Readings:
“The 9 billion-people question: A special report on feeding the world”, The Economist, February
26, 2011.

Navin Ramankutty, Jonathan A Foley, and Nicholas J Olejniczak, “People on the Land:
Changes in Global Population and Croplands during the 20th Century,” AMBIO: A Journal of the
Human Environment (2002): 251-257

Economic Modeling Framework

Hertel, T.W. (2011) “The Global Supply and Demand for Land in 2050: A Perfect Storm?”,
American Journal of Agricultural Economics.

Lab Discussion: Introduction to the modelling software and overview on how to run and
analyze the experiments using SIMPLE

Week 2: Population and Income as drivers of global food demand:
Jan. 20 Guest Lecture by Brigitte Waldorf, Professor of Agricultural
Economics

During this week we will examine the impact of population and income growth on long run food
demand. This debate traces its roots back to the classic publication by Thomas Malthus in 1888
in which he predicted that population would win the footrace between supply and demand for
food. As population growth has slowed, the relative importance of dietary upgrading has
increased. This is driven by rising per capita incomes. However, these richer diets are much
more land-intensive, hence putting additional pressure on the global resource base. When
scarcity arises, it is typically the low income households which experience significant reductions
in food consumption in response to rising price. This response is important from the point of
view of nutrition as well as the manner in which global supply and demand are balanced in the
face of a limited resource base.

Required Readings:
Bloom, David E. “7 Billion and Counting.” Science 333, no. 6042 (July 29, 2011): 562 -569.
Roberts, Leslie. “9 Billion?” Science 333, no. 6042 (July 29, 2011): 540 -543.

Economic Modeling Framework

Baldos, U. and T.W. Hertel, “Looking back to move forward on model validation: Insights from a
global model of agricultural land use”, Environmental Research Letters (8): doi:10.1088/1748-
9326/8/3/034024



Lab Assignment 1: Simulate the impact on global and regional food demand in 2050 of varying
population growth assumptions and the income responsiveness of demand for food.

Additional references:
Erik Stokstad, “Could less meat mean more food?” Science, Feb. 12, 2010: 810-811.

Nikos Alexandratos, “World food and agriculture to 2030/2050. Highlights and views from mid-
2009,” in Session 2: The resource base to 2050: Will there be enough land, water and genetic
potential to meet future food and biofuel demands? (presented at the FAO Expert meeting on
How to Feed the World in 2050, Rome, Italy, 2009)

Week 3: Biofuel production as a driver of global agriculture: Jan. 27
Guest Lecture by Wally Tyner, James & Lois Ackerman Professor of
Agricultural Economics

Biofuels have emerged as an important new driver of the global farm and food system..
Production of so-called first generation biofuels, produced from maize, sugarcane and oilseeds,
grew sharply over the past decade, and many authors suggest that this growth contributed
significantly to the 2007-2008 commaodity price boom. Second generation biofuels entail greater
uncertainty, and typically don’t draw directly on foodstuffs for feedstocks; however they could
also place significant claims on the world’s land resources. During this week we will examine the
origins of the biofuel boom, future prospects, and the implications for sustainability and resource
use.

Required Readings:

Tyner, Wallace E. (2008). “The US Ethanol and Biofuels Boom: Its Origins, Current Status and
Future Prospects” BioScience (58)7:646-653.

Hertel, Thomas W. et al., “Global Land Use and Greenhouse Gas Emissions Impacts of US
Maize Ethanol: Estimating Market-Mediated Responses,” BioScience (2010).

Lab Assignment 2: Simulate the impact of International Energy Agency projections of biofuels
growth to 2035 under varying assumptions environmental policy, as well as alternative
assumptions about the price responsiveness of the extensive and demand margins of economic
behavior.

Additional references:

Naylor, R.L., A.J. Liska, M.B. Burke, W.P. Falcon, J.C. Gaskell, S.D. Rozelle, and K.G.
Cassman. “The ripple effect: biofuels, food security, and the environment.” Environment:
Science and Policy for Sustainable Development 49, no. 9 (2007): 30—43.

Hertel, T. W., J. Steinbuks, and U.C. Baldos (2013). “Competition for Land in the Global
Bioeconomy”, Agricultural Economics
http://onlinelibrary.wiley.com/doi/10.1111/agec.12057/pdf.



http://onlinelibrary.wiley.com/doi/10.1111/agec.12057/pdf

Week 4: Yield Growth and Yield Gaps: Feb. 3. Guest Lecture by Jeff
Volenec, Professor of Agronomy

Over the past 50 years, three-quarters of agricultural output growth came from higher yields.
Can this success story be repeated in the next 50 years? There are signs that yield growth is
slowing significantly for some key crops. Is this due to underinvestment in technology? Or
perhaps prices? Or is it due to approaching bio-physical limits? Another constraint will be the
increasing attention being paid to nitrogen fertilizer runoff and its adverse environmental
consequences. We also examine why yields are still so low in much of the world, and what it
might take to allow farmers to close these yield gaps.

Required Readings:

R.A. Fischer, Derek Byerlee, and G.O. Edmeades (2014), Chapters 1 and 14 in Crop Yields and
Global Food Security, “ACIAR, Canberra, Australia.

David B. Lobell, Kenneth G. Cassman, and Christopher B. Field, “Crop Yield Gaps: Their
Importance, Magnitudes, and Causes,” Annual Review of Environment and Resources 34, no. 1
(11, 2009): 179-204;

Additional references:

Kathleen Neumann et al., “The yield gap of global grain production: A spatial analysis,”
Agricultural Systems 103, no. 5 (June 2010): 316-326

Zhu, X. G., Long, S. P. & Ort, D. R. Improving photosynthetic efficiency for greater yield. Annual
Review of Plant Biology, 61, 235-261 (2010).

Lab Discussion: Examine the combined impact of population growth, income growth and
biofuels on global land use in the context of supply response.

Week 5: Supply response: Potential for Cropland expansion, Feb. 10:
Guest Lecture by Nelson Villoria, Research Assistant Professor of
Agricultural Economics

Absent sufficiently rapid yield growth, expansion at the extensive margin is inevitable. Many
authors have asked the question: How much land is available for cropland expansion? And how
productive is this land? If it is available, why is it not presently farmed? We will examine this
issue. Ultimately cropland expansion will depend on the underlying economic forces — in
particular the returns to land used in farming.

Required Readings:

Lambin, Eric. 2013. “Global Land Availability: Malthus vs. Ricardo”. Global Food Security (in
press).

Villoria, N., D. Byerlee and J.R. Stevenson. Forthcoming. “The Effects of Agricultural
Technological Progress on Deforestation: What Do We Really Know?” Applied Economic
Perspectives and Policy.



Additional references:

Holly K Gibbs et al., (2010) “Tropical Forests were the Primary Sources of New Agricultural
Land in the 1980’s and 1990’s,” Proceedings of the National Academy of Sciences
107(38):16732-16737.

Stevenson, James R., Nelson Villoria, Derek Byerlee, Timothy Kelley, and Mywish Maredia.
2013. “Green Revolution Research Saved an Estimated 18 to 27 Million Hectares from Being
Brought into Agricultural Production.” Proceedings of the National Academy of Sciences.
10.1073/pnas.1208065110

Lab Assignment 3: Examine the combined impact of population growth, income growth and
biofuels on global land use in the context of supply response at the intensive margin.

Economic Modeling Framework

Supplementary Appendix to: Hertel, T., W., N. Ramankutty and U.L.C. Baldos, (2014) “Global
market integration increases likelihood that a future African Green Revolution could increase
crop land use and CO2 emissions”, Proceedings of the National Academy of Sciences 111(38):
13799-13804.

Week 6: Climate Change as a factor influencing agriculture and land
use: Feb. 17 - Guest lecture by Dominique van der Mensbrugghe,
Research Professor and Director, Center for Global Trade Analysis

The question of meeting global food, fiber and fuel demands in 2050 is greatly complicated by
the prospect of climate change which is likely to alter temperature and precipitation as well as
the frequency and intensity of extreme events. How will climate change affect land use? This
will depend not only on the absolute impacts, but also on the relative impacts — the changes in
comparative advantage of competing land using activities across regions of the world.

Required Readings:
Choose one of the first two readings, along with the third:

Lobell, D., W. Schlenker and J. Costa-Roberts, 2011. “Climate Trends and Global Crop
Production Since 1980”, Science, 333(6042):616-620.

Schlenker, W. and M. Roberts, 2009. “Nonlinear temperature effects indicate severe damages
to US crop yields under climate change”, Proceedings of the National Academy of Sciences,
106:37: 15594-15598.

Deryng, D., W.J. Sacks and N. Ramankutty, 2011. “Simulating the effects of climate and
agricultural management practices on global crop yield”, Global Biogeochemical Cycles, 25,
GB2006.

Lab Assignment 4: Examine the impact of climate change on crop productivity, global land use
and agricultural prices.



Week 7: Total Factor Productivity Growth in the Agricultural System,
Feb. 24 - Lecture by Uris Baldos, Post-doctoral Fellow, Agricultural

Economics

Crop yield is a partial measure of productivity as it only reflects growth in output per unit of land
input. To assess the overall changes in productivity in the agricultural sector, economists rely on
total factor productivity (TFP) which takes into account all inputs used in production. During this
week, we will explore the historical trends in agricultural TFP growth, its drivers, how changes in
TFP affect consumers and producers and the implications of TFP growth on cropland use.

Required Readings:
Julian M. Alston, Jason M. Beddow, and Philip G. Pardey, “Agricultural Research, Productivity,
and Food Prices in the Long Run,” Science 325, no. 5945 (September 4, 2009): 1209-1210.

Fuglie KO (2012) in Productivity Growth In Agriculture: An International Perspective, eds Fuglie,
K.O., Wang, S.L. and Ball, V.E. (CAB International, Cambridge, MA, USA), pp 335-368.
Additional references:

Julian M. Alston, Bruce A. Babcock, and Philip G. Pardey, The Shifting Patterns of Agricultural

Production and Productivity Worldwide. 2010. Synthesis Chapter 15. Can be accessed at
http://www.card.iastate.edu/books/shifting _patterns/view/

Lab Assignment 5: Examine the impact of changes in exogenous partial and total factor
productivity growth rates in crops in different parts of the world on global land use.

Week 8: Nutrition and Food Security: March 3 - Guest Lecture by Jerry
Shively, Professor and Associate Head, Department of Agricultural
Economics

Nutrition and food security are closely linked to developments in the agricultural sector
particularly in low income regions. Given this, the impacts of climate change on agriculture will
affect the nutritional outcomes at the household level. In this week, we examine the key
measures used in quantifying hunger and malnutrition and how these metrics are affected by
climate change and by the long run drivers of the global food and farm system.

Required Readings:

Black, R.E., L.H. Allen, Z.A. Bhutta, L.E. Caulfield, M. de Onis, M. Ezzati, C. Mathers and J.
Rivera. (2008). “Maternal and Chile Under-nutrition: Global and Regional Exposure and Health
Consequences”, Lancet (371):243-260.

Schmidhuber, J., & Tubiello, F. N. (2007). “Global food security under climate change”,
Proceedings of the National Academy of Sciences, 104(50), 19703—-19708.
doi:10.1073/pnas.0701976104

Additional Readings:


http://www.card.iastate.edu/books/shifting_patterns/view/

United Nations Standing Committee on Nutrition (2004). Chapter 2 of the Fifth Report on the
World Nutrition Situation: Nutrition for Improved Development Outcomes. Geneva: United
Nations.

Bryce, J., D. Coitinho, I. Darnton-Hill, D. Pelletier and P. Pinstrup-Anderson. 2008. “Maternal
and Child Under-nutrition: Effective Action at National Level”, Lancet (371):510-526.

Lab Assignment 6: Examine the nutritional implications of climate change and the drivers of
global agriculture.

Economic Modeling Framework

Baldos, U. and T. Hertel (2014). “Global Food Security in the Long Run: Implications of
Agricultural Technology”, Australian Journal of Agricultural and Resource Economics.

Week 9: Food Waste and Post-Harvest Losses, March 10 — Guest
Lecture by Burcu Irfanoglu, Post-doctoral Fellow, Agricultural
Economics

So far we have focused on the global dimensions of supply and demand. These are propagated
throughout all the regions of the world, but their effects are modulated by regional differences in
trade policies and the regulatory environment, including restrictions on water quality, use of
GMQO’s, protection of native ecosystems, etc. In this week we will examine how these policies
have been changing and what this means for global land use, and also how regulations will act
to shape future land use.

Required Readings:
National Geographic. “One-third of food is lost or wasted: What can be done?”, October 13,

2014; http://news.nationalgeographic.com/news/2014/10/141013-food-waste-national-security-
environment-science-ngfood/

Z.B. Irfanoglu, U.L.C. Baldos, T.W. Hertel and D. van der Mensbrugghe (2014). “Mitigating
global food losses and wastes by 2050: Implications for food and environmental security”.
Report prepared for the UN Food and Agriculture Organization.

Lab Discussion: Impact of reducing food losses and waste on global food and environmental

security. Start working on class project

SPRING BREAK

Week 10: Biodiversity and other Non-market, Land-based Eco-system
Services, March 24, Guest Lecture by Shadi Atallah, Assistant
Professor of Ecological Economics and Sustainability

Thus far we have treated the ecosystem in a very simplistic fashion, with the main eco-system
service provided by land being food production. However, there are many other services


http://news.nationalgeographic.com/news/2014/10/141013-food-waste-national-security-environment-science-ngfood/
http://news.nationalgeographic.com/news/2014/10/141013-food-waste-national-security-environment-science-ngfood/

provided by terrestrial ecosystems — some of which benefit agricultural production and some of
which have non-production values. In this week, we explore some of these other services —
focusing especially on those which interact with agricultural production.

Required Readings:

I.L. Boyd et al., “The Consequence of Tree Pests and Diseases for Ecosystem Services,”
Science 342 (2013): DOI: 10.1126/science.1235773

L.A. Garibaldi et al., “Wild Pollinators Enhance Fruit Set of Crops Regardless of Honey Bee
Abundance”, Science, 339, 1608(2013); DOI: 10.1126/science.1230200
Supplementary Reading:

Additional Readings:

S. Atallah and M. Gomez, “The Bioeconomics of Climate Change Adaptation: Coffee Berry
Borer and Shade-Grown Coffee”. Selected paper prepared for presentation at the AAEA annual
meeting, Minneapolis, MN, July 27-29, 2014.

T.H. Ricketts and E. Lonsdorf, (2013) “Mapping the Margin: Comparing Marginal Values of
Tropical Forest Remnants for Pollination Services”, Ecological Applications 23(5):1113-1123.

Lab Discussion: Additional analysis of land supply shocks due to competing demands for
ecosystem services. Continue working on class project

Week 11: Water Quantity and Quality: Constraints and Opportunities;
March 31 Guest Lecture by P. Suresh Rao, Distinguished Professor of
Civil Engineering and Agronomy

Presently two-fifths of global crop production comes from irrigated areas which, combined,
account for just one-fifth of total crop land. This is a reflection of the very high productivity of
irrigated agriculture. However, this irrigation activity accounts for 70% of freshwater withdrawals,
and projections indicate that 50% of global river basins will be experiencing severe shortages in
twenty years’ time. This will inevitably translate into water scarcity and ultimately to reductions in
the water available for farming. Thus water will be an increasingly key limiting factor for
agricultural production in the coming decades.

Required Readings:

Jelle Bruinsma, “The resource outlook to 2050. By how much do land, water use and crop yields
need to increase by 20507,” in Session 2: The resource base to 2050: Will there be enough
land, water and genetic potential to meet future food and biofuel demands? (presented at the
FAO Expert meeting on How to Feed the World in 2050, Rome, Italy, 2009);

Rosegrant, M.W., C. Ringler, T. Zhu, S. Tokguz and P. Bhandary. “Water and Food in the
Bioeconomy: Challenges and Opportunities for Development.” Agricultural Economics (in
press).

Additional References:



Charlotte de Fraiture et al., Does International Cereal Trade Save Water? The Impact of Virtual
Water Trade on Global Water Use, Comprehensive Assessment Research Report (Colombo,
Sri Lanka: Comprehensive Assessment Secretariat, 2004)

Rosegrant, M.\W., C. Ringler, and T. Zhu. “Water for agriculture: maintaining food security under
growing scarcity.” Annual Review of Environment and Resources 34 (2009): 205-222.

Jacob Burke and Karen Villholth, “Groundwater: a global assessment of scale and significance,”
in Water for Food, Water for Life, ed. David Molden (London and Colombo: Earthscan and
International Water Management Institute, 2007), 395-423;

Mark Svendsen and Hugh Turral, “Reinventing irrigation,” in Water for Food, Water for Life, ed.
David Molden (London and Colombo: Earthscan and International Water Management Institute,
2007), 353-394, http://ideas.repec.org/p/nbr/nberwo/4634.html

Lab Discussion: The role of irrigation in determining long run patterns of global land use.
Continue working on class project

Week 12: Understanding the livestock sector and its role in
translating changes in consumption patterns into land use, April 7:
Guest Lecture by Farzad Taheripour, Research Assistant Professor,
Agricultural Economics

The modern food system has reshaped consumption patterns around the globe. Growth in
consumption and production of livestock products has been a key feature of this new economic
geography of the food system. The most rapid increase in consumption of livestock products
has been in developing countries. Much of this growth has been fueled by an intensification of
livestock production. This sector has also become a major consumer of biofuel byproducts. This
week we will examine how these factors combine to alter the demand for global cropland in the
long run.

Required Readings:

Taheripour, F., C. Hurt and W.E. Tyner (2012). “Livestock Industry in Transition: Economic,
Demographic and Biofuel Drivers”, Animal Frontier.

Eshel, Gidon, A. Shepon, T. Makov and R. Milo (2014). “Land, irrigation water, greenhouse gas
and reactive nitrogen burdens of meat, eggs and dairy production in the United States”,
Proceedings of the National Academy of Sciences 111(33):11996-12001.

Additional References:

Gehlhar, M., & Regmi, A. (2005). “Factors shaping global food markets” (Agriculture Information
Bulletin No. 794). New Directions in Global Food Markets (pp. 5-17). Washington D.C., USA:
United States Department of Agriculture.



D. Caro, S.J. Davis, S. Bastianoni and K. Caldeira (2014). “Global and regional trends in
greenhouse gas emissions from livestock”, Climatic Change 125(2); DOI 10.1007/s10584-014-
1197-x

Lab Discussion: Examine the impact of changes in exogenous total factor productivity growth
rates in livestock and food processing in different parts of the world on global land use.
Continue working on class project

Week 13: Land-Based Climate Mitigation Policies, April 14 - Lecture
by Tom Hertel

Most land management policies aimed at curbing GHG emissions and mitigating the effects of
climate change are directed toward restoring and preserving natural forests. However, these
policies will have unintended consequences on the availability of farmlands in the future. Some
studies also point out the potential for GHG mitigation in the agricultural sector by reverting
current croplands to its natural land cover. During this week, we will explore the effect of these
land-based climate mitigation policies on global crop production and food prices.

Brent Sohngen, “An Analysis of Forestry Carbon Sequestration as a Response to Climate
Change” (Copenhagen Consensus on Climate, 2010)

Golub, A.A., B.B. Henderson, T.W Hertel, P. Gerber, S.K. Rose and B. Sohngen (2012). “Global
Climate Policy Impacts on Livestock, Land Use, Livelihoods and Food Security”, Proceedings of
the National Academy of Sciences.

Additional readings:

Steve Rose et al. “Overview and synthesis of Integrated Assessment Modeling with respect to
bioenergy”. Energy Economics.

Thomson, A. M. et al. Climate mitigation and the future of tropical landscapes. Proceedings of
the National Academy of Sciences 107, 19633-19638, doi:10.1073/pnas.0910467107 (2010).
Lobell, D., U. Baldos and T. Hertel (2013). “Adaptation as Mitigation: The Case of Agricultural
Investments”, Environmental Research Letters.

Lab Discussion: Examine the impact of land use change on GHG emissions. Explore
exogenous shifts in the supply of land to agriculture in response to climate mitigation policie.
Continue working on class project

Week 14: Globalization, and the scope for feeding the world
sustainably in 2050, April 21 — Hertel and Baldos

This course has surveyed the major drivers of land supply and demand and how they are
studied. In this week we will attempt to synthesize the strengths and weaknesses of different
research approaches and identify promising new directions for better understanding the future
global food, land and environmental systems.



Required Readings:

Eric Lambin and Partick Meyfroidt, “Global land use change, economic globalization and the
looming land scarcity”, Proceedings of the National Academy of Sciences,
www.pnas.org/cqi/doi/10.1073/pnas.1100480108

Pete Smith et al., “Competition for Land”, Phil. Trans. R. Soc. B 2010 (365): 2941-2957, doi:
10.1098/rstb.2010.0127

Uris L.C. Baldos and Thomas Hertel (2014). “Bursting the Bubble: A Long Run Perspective on
Crop Commodity Prices”, GTAP Working Paper no. 80:
https://www.gtap.agecon.purdue.edu/resources/res display.asp?Record|D=4574

Additional References:

Baldos, U. and T.W. Hertel, “Looking back to move forward on model validation: Insights from a
global model of agricultural land use”, Environmental Research Letters (8): doi:10.1088/1748-
9326/8/3/034024

Lab Discussion: Finalize class project

Week 15: Presentation of Class Projects, April 28 and 30

Each individual will briefly present highlights from their class project, with time for Q&A with the
rest of the class. A menu of project ideas from previous years follows. This is indicative of the
type of question which can be readily explored in the context of the SIMPLE modeling
framework developed over the course of the semester.

Ideas for Class Projects
(We expect that many more ideas will emerge from our discussions during class):

1. Food Waste and Post-Harvest Losses: The UN-FAO estimates that one-third of global
food production is lost or wasted so that only two-thirds of production is actually
consumed. What are the implications of such losses for crop prices? How would a
reduction in post-harvest losses affect nutritional outcomes?

2. Changing Nutrition Guidelines: The USDA is in the process of formulating a new set
of nutrition guidelines. For the first time they are considering adding environmental
impacts to these guidelines. How would such considerations change the pattern of food
consumption? How would changing consumption patterns alter the pattern of global land
use and GHG emissions?

3. Africa as the Sleeping Giant of Agriculture: In 2009, the World Bank published a
report suggesting that the Guinea Savannah Zone of Africa could become the next
breadbasket for the world. What would be the implications of such a development?

4. Urbanization: In one of our lab discussions, we explored urbanization’s impacts on
demand for land. However, one could dig deeper by looking at the quality of land that is
being displaced. What are the implications for global land use, food security and the
environment.

5. REDD: Similar to option 2, students could explore the impact of efforts to dedicate
additional land to the production of environmental services. This would be implemented
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through adjustments to the coefficient LCFENVg (regional conversion factors of land in
environmental services to cropland).

Climate change: We also explored in our lab discussions the impacts of different types
of climate shocks on agricultural productivity and land use. A deeper dive might entail
converting existing studies of the impacts of climate change into shocks or parameter
adjustments within our own model and exploring the results. Lab four discusses the
parameters that could be adjusted to implement this idea.

Jevon’s paradox: The Angelsen reading discusses Jevon’s paradox - a situation in
which yield growth might lead to extensification. A deeper exploration of the conditions
under which we might expect such a result would be interesting. What is the demand
elasticity required to generate this outcome? How do yield differentials across regions
affect the likelihood of this outcome? Can these results tell us anything about the
probability of experiencing Jevon’s paradox in the real world?

Impacts of shifting population and income on global demand elasticity: Regional
differences in demographics and income growth will shift the balance of global demand.
How do these shifts change the aggregate global demand elasticity? How does this
compare to shifting demand elasticities within regions? What impact does this have in
moderating/amplifying the extensification impacts of biofuels mandates?
Biophysical/economic interaction: Relative yields (local yields versus the global
maximum) might be indicative of how close a particular region is to the biophysical limits
of intensification given current technologies. To understand how such biophysical limits
interact with the economics governing the crop market, we might want to consider a
linear relationship between relative yields and our intensification parameter. By plotting
different regions on this linear relationship, one could determine whether such a
biophysical limit, through its impact on the economic parameters, changes the outcomes
of crop expansion scenarios.

Impacts of different types of technology growth: In our model we can simulate land
augmenting, land dis-augmenting and technology neutral productivity growth (through
afland, afnland or both simultaneously). What are the realistic ranges of these types of
productivity growth going forward? If yield growth outpaces non-land technology growth,
what would be the impact on prices and extensification? Under different scenarios, does
the clear relationship between land prices and extensification begin to break down?
Globalization: We have spent relatively little time in the labs relating global processes
to local outcomes. However, it can be shown analytically that the effective elasticity of
demand for a local market depends on the rest of the world’s supply elasticity, the local
production’s share of the global market as well as the global demand elasticity. Among
other possibilities, an analysis of globalization’s impact might compare the
extensification impacts of productivity changes in small markets (share of world supply is
small) to large markets.

Changing productivity of livestock and food processing: We've spent a fair amount
of time evaluating the impacts of changing agricultural productivity. However, one could
also assess the implications of changes in the TFP of livestock production or food
processing. Contradictory effects of these downstream productivity changes (less crops
required to produce a good, but demand is now increasing) may lead to interesting
results depending on the assumed parameter values.

Market mediated responses: Hertel (2011) highlights the importance of considering
economic factors when estimating the land use implications of changes in biofuels
demand. A similar analysis could assess to what scale biophysical estimates of the
impacts of demand shocks (e.g. population growth, income expansion) are moderated
through economic processes such as intensification and demand reduction.



14. Cost-benefit analysis of productivity growth: Several papers provide estimates of the
cost and scale of historical TFP growth. Using these estimates, one could estimate the
consumer surplus generated by the yield growth to evaluate the cost effectiveness.
Similarly, estimates of the cost per hectare saved would be possible for land-sparing
technologies.



