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Motivation

« Are we asking the same hectare of land in 2050 to:

Feed 9 billion people a richer, more land-intensive diet

Fuel our cars and contributing to electric power through
bioenergy

Meet the increased demand for residential and commercial
real estate

Deliver increased biodiversity, and
Sequester carbon through forests and grasslands,
Even as climate change alters its biophysical capacity?
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Su -

* Pick up where Phil Pardey left off in his Presidential
address, focusing on the land use implications of long run
forces — add more on the environmental side

« The vast literature on global land use change makes very
limited use of economics

« Where economic considerations are reflected in the
analysis, It is often limited by two factors:

- The perspective Is near term, not long run

- Spatial resolution Is inadequate to capture the
biophysical and environmental heterogeneity at play
In land use decisions and policy impacts
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 Analytical framework

 Factors shaping demand for land

 Factors shaping supply of land
» Critical evaluation
» Conclusions
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Analytical Framework

« Consider global agriculture as a single sector
— produces all food, fiber and fuel from agriculture

— employs land and variable inputs; the prices of the latter are
determined by exogenous (nonfarm) considerations in long run

— Farmers minimize costs, entry/exit results in zero economic profits

« Examine the long run equilibrium % change in agricultural
land, and commodity prices as a function of three exogenous
drivers:

— demand growth, includes food, fiber, fuel
— “trend” yield growth, alters derived demand for land
— reductions in supply of agr land (e.g., urbanization)
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Analytical Framework: Single Global Sector

« Exogenous drivers of land use change:
— demand growth, includes food, fiber, fuel (Alj)
— “trend” yield growth, alters derived demand for land (Af)
— Reductions in supply of agr land (e.g., urbanization) ( AS)
* Three key margins of economic response (prlce elastlc:ltles)
— Price elasticity of demand for agr products (77A) .
— intensive margin of supply response — yield response to price (14 )
— extensive margin of supply response — area response to price (nﬁ E)
« Together, these determine the long run change in agr land use:

q, =[(A+ A =AY A+ 07 [t ) [P )]—- A

— aggregate economic response acts as a shock absorber on the system
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LLong Run Equilibrium Land Use Change

q, =[(A+ A =AY A+ 07 [t ) [P )]—- A

 Stronger economic response (larger demand- and intensive-supply
elasticities) diminishes demands on biophysical system

« Land use depends on relative, not absolute, size of intensive and
extensive margins: large intensive response will not limit land use
change If extensive margin is also large

o |If all price elasticities equal, then each margin (yields, area and
demand) absorbs 1/3 adjustment to economic shock

 In the special case where the intensive supply and demand
elasticities are zero, the long run land use change simplifies to:

g, =(A” —A?) inwhich case we can simply deflate demand by
yield growth (this has been the FAO approach); exaggerates
predicted change in land use
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Outline of the

 Factors shaping demand for land
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Factors shaping demand: Population

* UN estimates population ~ « Global population could even
rising by 50% during 2000-  pegin to decline by 2050: China

2050, from 6 to 9 billion remains question mark
* However: + Virtually all net growth will be
- 'g}';:‘i‘é?;r?;;)‘]ﬁ‘;maltesw N in developing countries:
3% " :
2000 1o just 0.36% in Additions to urlatlon
2050 (Tweeten and e
Thom son m. Vancogn-suuman:.suefrs
pson) Falling fertility

— Over past 25 years, TP N AN
fertility in most middle -
Income Asian nations
now at or below
replacement levels

(SOUthgate et al) Correspondence to model: Ag
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So population as a driver of food consumption
will slow considerably
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(UN Population Division, 2010)
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Income growth is also an important driver
of global demand for land
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The relative contribution of income growth to
total food demand will become more important

Population I Per Capita Income Growth
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Simulations from Baldos and Hertel (2011)
Using per capita income projections from Correspondence to model: A
USDA-ERS International Macroeconomic Data Set (2010) A
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Biofuels are another driver of demand

« US ethanol accounted for half of global increase In
cereals consumption: 2005/06 - 2007/08

 FAO/OECD project large share of growth in coming
decade from biofuels

- maize = 52%
- Ollseeds = 32%

« Depends critically on subsidies, govt mandates as
well as oil prices

D
Correspondence to model: AA : 77
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I [IASA Projections of biofuel demand based on

current targets
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[IASA/IEA projections suggest that biofuels may become
an important contributor to global agricultural demand
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Simulations from Baldos and Hertel (2011)

Using biofuel projections from Correspondence to model: AD
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Land use impacts of biofuels have been
contentious

« US ethanol program built on expectation of significant GHG
reductions (e.g., from 95g/MJ gasoline to 60-659/MJ)

* Reduction called into question by “indirect land use change”
(ILUC), recall expression for demand shock:

q, =AL 1+ Iyt ) Inyt)

« Land use change hinges critically on:

- Intensive margin: How much can yields respond to higher
prices? (ignored in early work)

- Must be evaluated relative to the extensive margin: How
readily can effective land supply expand?

- Demand margin is also key; eliminating consumption
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Price responsiveness of LR food demand Is
a key determinant of demand for land
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Price responsiveness of demand and yield
greatly moderate the land use impacts of biofuels

Increase in demand for croplands from 2007 to 2052
10

2007 = 100
N

No demand or No demand Full economic
yield response response response

D
Simulations from Baldos and Hertel (2011) Correspondence to model: AA
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However, oll prices are the key to long run biofuel
demand; price responsiveness of final demand

« Governments budget constrained - will
limit subsidies, environmental
concerns may limit mandates

« However, sustained high oil prices
would give a big boost to biofuels

« CAST notes at high oil prices: “the
potential demand for farm output is
nearly unlimited” - will boost total
demand elasticity (Buchanan, Herdt,
and Tweeten, 2010)

« At low oil prices, binding mandates
could result in more inelastic demand
(Hertel and Beckman, 2010)

* Yet oil price forecast is highly
uncertain
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Source: Energy Information Agency (2010)

D
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Hertel, T. W. (2011). “Assessing the Extensive Margin”, Address to AARES



Factors shaping derived demand for land:

What scope for increasing yields?

* FAO estimates (Bruinsma, 2009) over past 50 years
- 77% of production growth from yields
- 9% from increased cropping intensity
- Just 14% from area expansion
- Can this be maintained for next 40 years?
 Yield growth has been slowing

- wheat and rice 3-5%/yr in 80’s; just 1-2%/yr In last decade
(Byerlee and Deininger, 2010)

- yield growth in 2 dozen breadbasket regions has slowed to less
than 0.5%/yr (Fischer, Byerlee and Edmeades, 2009)

e |s this simply due to slowing demand growth? Orisita

function of shrinking yield gaps? S,1

D
Correspondence to model: AL ?}A
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Evaluating global yield gaps

* Lobell et al. (2009) survey findings on this topic:
- Irrigated areas at 80% of potential yields
- rainfed areas less than 50% of potential

 Licker et al. (2010) use global data set on area/yields
- disaggregate globe into 100 climatic zones

- within grid cell compare to 90™ percentile = max yield
with current technology

- Gap = (1 — Actual yield/Climatic potential yield)
» Closing yield gaps boosts production of maize (50%),
rice (40%), soybeans (20%0), wheat (60%0)
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Yield gap fraction values for maize
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Source: Licker et al. (2010)
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Factors affecting maize production efficiency
vary greatly across regions
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Yield gaps depend on economic incentives

* Robert Herdt’s bottom line from in-depth IRRI (1979) study of
yield gaps —it’s all about the economics:

“the overall weight of the evidence examined suggests that it is relatively easy to

account for the dramatic gap between what is technically possible and what has
been achieved: what is technically possible is more modest than most observers
admit; the economics of substantially higher yields is not attractive.”

Correspondence to model: qj’f
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Outline of the

 Factors shaping supply of land
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Factors shaping supply of land:
Urbanization over the past 50 years
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Urbanization over the next 50 years will be
more concentrated in developing countries
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Increasingly land will be withheld from
agriculture for environmental purposes

H
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Forest transition—

« An illustration of the 35 |
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Climate change will also alter the effective

supply of land to agriculture
» Very complex chain of analysis from GHGs to crop production

« Several studies focus on 2050 (w/out CO2 fert)

- IFPRI: Yield declines in most LDCs, South Asia hardest hit,
sharp price rises

- Fischer (2009): Southern Africa hit hardest, global yields drop
5%, prices rise 10%

- Schlenker and Lobell (2010) focus on SSAfrica; maize most
severely affected — rule of thumb is 1 degree C rise translates
Into setback of 5 years trend yield growth; highlight
uncertainty in biophysical estimates

- Lobell has developed synthesis estimates for 2030, based on
worst case, expected and best case outcomes: highlights
uncertainty in biophysical estimates
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Projected Maize Yield Change Due to
2030 Climate Change: Worst Case Scenario

Coarse Grains Yield Change
Low Scenario (%)
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Projected Maize Yield Change Due to
2030 Climate Change: Expected Outcome

Coarse Grains Yield Change
Medium Scenario (%)

No data
77/, 5 Top Producing Regions for Coarse Grains Source: Hertel, Burke and Lobell (2010)
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Projected Maize Yield Change Due to
2030 Climate Change: Best Case Scenario
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Economic impacts of climate change are
more certain than blophy3|cal Impacts!

* Bio-physical yield shocks
uncertain but the
resulting change in
economic variables
(exports and output) more
predictable

« Bars show % of model
predictions that are
statistically different from
zero (Hertel, Verma and
Lobell, 2010)
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Why are the economic outcomes more
robust than the biophysical impacts?

« Economic variables depend on relative size of
shocks; If a region is always harder hit (e.g.,
Southern Africa) its exports always fall

» Relative market price is a sufficient statistic to
explain exports:

— Adverse climate shock raises costs/price of product

— If price rises, relative to world price index for that
crop, then exports will fall
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Explaining Coarse

o If— , exports fall

o If — , exports rise

* The Intensity of
assoclation depends on
the magnitude of yield
shock (blue scatter
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GHG mitigation efforts will also alter the
effective supply of land to agriculture

« Agr, forestry and land use change account for 30% of GHG
emissions, but are estimated to supply 50% of global abatement at
$27/tCO2e (Golub et al. 2009)

« McCarl (2009): loss of 50 million acres of cropland to forest
sequestration under US climate leg., doubling of corn prices

* Reilly et al. (2010): world food prices could rise by 80% if adopted
land-based carbon pricing

« Seto et al. (2010): carbon forest sequestration is land-intensive:

- To regulate global carbon emissions at current levels need to
allocate additional land to forests on the order to current cropland
area (1 — 2 billion); this forest will be satiated after 100 years
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Water availability will severely constrain
land use In agriculture

 Irrigated agriculture is important globally
- accounts for 42% global crop production
- accounts for 70% of global freshwater withdrawals
« McKinsey & Co. (2009) illustrative results (very simplistic)

- At current efficiency, water demand will exceed existing,
sustainable, reliable supplies by 40% in 2030

- One-third of world’s pop in 2030 will live in river basins
with water gap > 50%

« Water prices will have to rise in future, limiting lands on

which irrigation will be profitable — Australia is at the
frontier in this area!
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Critical Assessmet()

« Long run use of land In agriculture hinges critically
on six factors identified here:

— Exogenous shocks have received considerable attn

— Demand and supply elasticities are critical for translating
shocks into land use change

e | believe that work to date has erred in two related
dimensions:

— Too much is rendered exogenous (e.g., yield trends,
biofuel demand growth) -- should draw on Alston and
Pardey’s work to endogenize productivity growth

— Elasticities used in models are not truly long run
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Are we using short run elasticities to
analyze long run land use?

« Equilibrium price change depends on elasticities:
Pa=AG A —ADY (" +m" ) =Nl
« Can infer 77 from equilibrium price change and
deviation from baseline due to A
- IIASA analysis of climate change: 0.40< 7 <0.5
- IFPRI on climate change: 0.30 < 7 < 0.6

* These are more like near term elasticities; they are
what you need to replicate events like 2007/08, but
are inconsistent with true long run responses
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Critical Assessmet()

« Measures to increase demand and supply elasticities
are key to making the global economy more resilient
to demand and supply side shocks:

— Effectively functioning international trading system
— Avolid inflexible environmental mandates

— Enhance supply response — both ability to boost
production, as well as ability to switch land uses
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Critical Assessment ()

 Perfect storms likely to be localized; dramatic spatial
variation in key agronomic, market and environmental
characteristics

» Therefore cannot assess supply and demand in the
absence of spatial resolution

« U Minn/IFPRI Harvestchoice project is at forefront of
this work — focus on Africa; but some global components

« UK Foresight Proposal for spatially explicit, time series
data base infrastructure for long run analysis of global
land use http://www.agecon.purdue.edu/foresight/
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Cropland cover changes: 1700-1900
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Cropland cover changes: 1900-1950

Cropland (% of pixel)
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Cropland cover changes: 1950-2000

Cropland (% of pixel)
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