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Motivation

• This work has grown out of research 
on California’s climate policy agenda.

• Agriculture is an important emissions 
source and likely target of further 
regulation.

• To facilitate dialog, both farmers and 
policy makers need to better 
understand the sector’s energy 
dependence.

5 October 2007



Roland-Holst     4

Agricultural Energy Needs

In California, agriculture has significant 
direct and indirect energy 
requirements;

Across product categories, patterns of 
energy dependence vary considerably;

So then will the incidence of price-cost 
effects arising from both climate policy 
and energy markets.
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The Macro Picture, 2002
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Sources: Ag. Issues Center and author estimates.



Roland-Holst     6

Macro Picture 
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A Social Accounting Matrix for 
California, 2003
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An economy-wide accounting device that captures detailed 
income-expenditure linkages between economic 
institutions. An extension of input-output analysis.

• 164 sectors/commodities
• Energy flows consistent with LBL state accounts
• Three factor types

– Labor (2+ occupational categories)
– Capital
– Land

• Households (10 by tax bracket)
• Fed, State, and Local Government (very detailed fiscal 

instruments, 45 currently)
• Consolidated capital account
• US and ROW trading partners
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Multipliers and SAMs
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Product Energy Intensities

Economic activities consume energy directly 
and induce demand for energy services 
embodied in upstream inputs and 
downstream services.

Total embodied energy demand for a sector 
is related to direct energy demand (e) as

where x denotes a vector of gross outputs.
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Sectoral Composition
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Embodied Energy: Agriculture
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Embodied Energy: Food
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Price-Cost Vulnerability

• Energy price risk is important to 
California agriculture.

• The degree of this vulnerability varies 
substantially across product categories.

• Most of it is indirect, arising from energy 
costs embodied in farm inputs and 
product distribution services.

• This implies price changes could induce 
significant structural adjustment across 
the state’s farm sectors.
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Why do we care about this?
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Per Capita Electricity Consumption, 1961-2000
California’s domestic competition for energy will intensify.

The “Rosenfeld Effect”
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World Fossil Fuel Supply
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Source: IEA

Energy prices will increasingly be determined by global markets.
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Net Oil Imports
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Source: IEA

Demand side pressures will continue to escalate.
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Measuring Price-Cost Effects

For domestic prices p and factor and 
import prices w, we have the cost 
decomposition
p = p A11 + wA21 = p A11 + v = v (I-A)-1 = v M

linking direct (v) costs and their global pass-
through to prices.
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Energy and Cost Multipliers

Dispersion is 
much greater 
for global than 
for direct 
effects.

Vulnerability 
and dispersion 
are greater for 
products than 
for processing.

Indirect effects 
much stronger 
in processing.

Percent
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Selected Sector Results
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Livestock and 
dairy are for 
local markets.

Low value, 
energy intensive 
crops may come 
under pressure. 

Higher value, 
higher tech 
crops look most 
promising.
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Tracing Energy Pathways
Consider a pair <i,j> of transactions indices and define a 

path as a sequence s of indices s=<i,k,l,...,m,j> 
decomposable into consecutive arcs <i,k>, 
<k,l>,...,<m,j>, then the influence of i on j through path 
s is denoted (i->j)s . For any given path s=<i,k,...,m,j> 
the direct demand influence is the composite

In any given path s there may exist feedback effects among 
its indices, each of which can be represented by a 
multiplier μs (the ji entry in the multiplier matrix M). All of 
such feedback effects taking place along the path amplify 
the direct influence to produce total influence:     
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Pathways

Finally, note that more than one elementary 
path may span two indices i,j and the 
global effect sums total effects over all 
paths:

Direct, total, and global induced demand are 
three distinct components that make up 
the transmission mechanism linking final 
production and upstream intermediate, 
factor, and resource use.
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Energy Pathways and Cost
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The Grain sector’s energy dependence arises 
primarily from fuels and agrochemicals.
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Upstream Pathways
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Cotton resembles grain, but livestock energy 
dependence also comes back to grains and fodder.
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The Way Ahead

Agriculture has three ways to adapt:
1. Structural change within the sector –

changing crops/products
2. Structural change in supply chains –

shifting upstream and down stream 
relationships

3. Technological change
Farm policy can facilitate all these, or 

hinder them.
5 October 2007
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Things to Come

• Price pass-though is really mediated 
by markets and scarcity, so all this is 
being embedded in a CGE framework.

• This will enable more extensive 
scenario analysis with respect to
– farm, food, and climate policy
– external food/fuel price trends
– technological change
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Thank you
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Generation Portfolio, 2005
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California

National
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