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Abstract

We use a global agricultural outlook model to analyze changes in agricultural production,
prices, trade, and greenhouse gas (GHG) emissions from land-use change triggered by a carbon
tax in the United States. The carbon tax scenario is consistent with proposed U.S. legislation
starting at $15 t−1 CO2-equivalent (CO2-e) and increasing annually by $10. The scenario
covers carbon taxes from $15 to $105 over the 10-year projection period. Our results show
that at the end of the projection period, the production cost for corn and soybeans increases by
16.4% and 11.9%, respectively at a carbon tax of $105 t−1 CO2-e. The increase in the cost of
production is compensated in part by a slight increase in commodity prices and a contraction in
area. Hence, the decrease in net returns for corn, soybeans, and wheat is 7.4%, 4.2%, and 8.0%,
respectively, for the highest carbon price. Exports from the U.S. decrease for all commodities
except rapeseed and wheat which experience an increase by 1.4% and 0.1%, respectively. Corn
and soybean exports decrease by 5.0% and 0.8%, respectively. These changes in trade patterns
also result in a re-allocation of land-use in the rest of the world leading to a slight increase
in GHG emissions representing 0.6% of total U.S. emissions in 2017. It is important to note
that our study only covers one particular sector of a carbon tax and the increase in emissions is
small compared to the overall projected reduction.

1 Introduction
In January 2019, the Energy Innovation and Carbon Dividend (EICD) Act of 2019 was introduced
to the House of Representatives.1 The Act proposes a carbon tax of $15 per ton of carbon dioxide
equivalent (t−1 CO2-e) starting in calendar year 2019 covering entities such as refineries, coal
mines, or natural gas producers.2 Adjusted for inflation, the tax increases by $10 each year and is
subject to adjustments given the under- or over-achievement of annual emission reduction targets.
The tax ceases if the greenhouse gas (GHG) emissions are at or below 10% of the 2016 GHG
emissions.

1https://www.congress.gov/bill/116th-congress/house-bill/763
2We will use the term carbon tax and carbon price interchangeably in this paper with the unit being $ t−1 CO2-e.
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There are two important provisions of the carbon tax proposal to increases its support among
stakeholders. First, the EICD Act of 2019 is designed as a revenue-neutral carbon tax with the
creation of a Carbon Dividend Trust Fund. The tax revenue is distributed back to eligible individu-
als, i.e., U.S. citizens and lawful residents, in the form of a lump-sum payment. Second, there is a
carbon border fee adjustment mechanism to adjust the cost of imported fuels and carbon intensive
products covered under the legislation. The purpose of the border adjustment is to avoid carbon
leakage by switching to carbon-intensive imports whose production is not subject to a carbon tax
(Fellmann et al., 2018). Besides the lump-sum payments and the border adjustments, there are two
tax exemptions specifically for agriculture. First, fuels and its derivatives are not taxable if used for
farming purposes. For example, diesel fuel purchased for farm machinery is not subject to the tax.
Second, there is no carbon tax on non-fossil fuel emissions from agriculture such as from livestock
and fertilizer application. This is an important exemption because agriculture contributes 9% to
total U.S. GHG emissions (EPA, 2019).

An important aspect of the EICD is revenue neutrality, i.e., the lump-sum payments back to
residents. The use of the carbon tax revenue determines the impact on the economy. Any use of
the carbon tax revenue is going to have distributional effects on various income groups. The EICD
is expected to pay low- and middle income households more in credits that they pay in carbon taxes
(Kaufman, 2018). In the context of agriculture, lump-sum payments as proposed by the EICD are
independent of the farm size because those payments are on a per-person basis. The Congressional
Budget Office (CBO) estimated that a carbon price of $20 (increasing at 5.6% annually) on the
majority of emissions would result in tax revenues of nearly $1.2 trillion over a decade (CBO,
2013). The carbon tax would result in a decrease of emissions by 8%.

Given the proposed legislation, the purpose of this paper is to analyze the effects of the carbon
tax on U.S. agriculture and international trade. We also evaluate emissions from global land-use
change triggered by changes in agricultural trade due to the tax (Fellmann et al., 2018). The mo-
tivation for our study is related to an analysis by Dumortier et al. (2012) who assessed a potential
regulation of U.S. livestock emissions. Dumortier et al. (2012) show that higher cost of U.S. beef
production would trigger a net increase in global emissions because of inelastic U.S. beef con-
sumption and a shift of production towards more land-intensive global cattle systems. A different
viewpoint was presented in Henderson et al. (2018) who showed that global carbon tax on rumi-
nant animals would decrease emissions significantly. Their analysis is different from Dumortier
(2013) because of the global implementation of a carbon tax.

We use a global agricultural outlook model, i.e., the CARD Model, to evaluate (1) a baseline
without a carbon tax and (2) the EICD scenario. The difference between the baseline and the sce-
nario in term of commodity prices, land-use, trade patterns, and GHG emissions can be attributed
to the EICD carbon tax. We adjust the cost of production of U.S. agriculture, which is modeled
through the different components of the Producer Price Index (PPI). An increase in the PPI from
the carbon tax will affect crop and livestock producers. Adjustments in the production quantity
(i.e., crop area and livestock heard) allows us to assess the global effects of the carbon tax. To
the best of our knowledge, this paper is the first to assess the impacts of a U.S. carbon tax on
global agriculture and trade. It should be highlighted that we use a simulation model to evaluate
a reasonable pathway as opposed to using historical data in an econometric model. Thus, there is
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inherent uncertainty about the actual evolution of agricultural markets including land-use, prices,
and emissions. It is important to note that we only analyze one aspect of the proposed legislation
and do not include other emission sources that may or may not be related to agriculture.

2 Modelling Approach
To quantify the effect of a carbon tax, we use the CARD Model to project a status-quo baseline
without a carbon tax and then modify the model to implement the carbon tax scenario. The input
to the CARD Model are historic crop and livestock data as well as macroeconomic projections and
policy parameters such as taxes, subsidies, or import quotas. The CARD Model projects global
crop and livestock production over 10 years and has been used extensively to analyze trade and
biofuel policies (Elobeid and Tokgoz, 2008; Dumortier et al., 2011, 2012; Carriquiry et al., 2019).
We refer the reader to these publications for a detailed description of the model. The CARD Model
also includes an add-on module to assess GHG emissions from land-use change based changes in
cropland and pasture. The CARD Model incorporates agricultural activity at the sub-national
level in Brazil to more accurately capture carbon pool changes which can be substantial given the
Amazon rainforest and the size of the agricultural sector (Dumortier et al., 2012; Carriquiry et al.,
2019). Pasture is modeled explicitly in Brazil based on returns from livestock and implicitly based
on livestock herd in other areas.

2.1 Carbon Tax Data
A carbon tax affects the economy and thus, we need to find an adequate source of macroeconomic
parameters and projections under the tax to ensure the reliability of our results. Because a carbon
tax has not yet been implemented in the U.S., only a simulation model can provide the data. For
this analysis, we base our carbon tax scenario on the Annual Energy Outlook (AEO) published
by the U.S. Energy Information Administration (EIA), which has simulated the effects of a tax on
carbon in the past and can serve as a source of parameters.

2.2 Incorporation of the carbon tax scenario into the CARD Model
As aforementioned, the carbon tax scenario is implemented as an increase in the cost of production.
The CARD Model uses the Producer Price Index (PPI) and its various components to project
production cost. The AEO does not project all the PPI components used in the CARD and thus,
we rely on proxy indices or construct the indices ourselves. The carbon tax strongly affects the
energy prices and indices, all present in the AEO data. Price indices such as for “Rubber and
Plastic Products” or “Lumber & Wood Products” are not included in the AEO output but are also
not important determinants of the cost of production. Hence, an approximation with the WPI All
Commodities can be justified. The PPI Refined Petroleum Products is constructed based on the
methodology from the U.S. Bureau of Labor Statistics, which weights the price of gasoline, jet
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fuel, and diesel at 65.2%, 11.1%, and 23.6%, respectively.3 The PPI for utility natural gas and the
PPI for electric power are constructed using the AEO price data for natural gas and electricity. Our
scenario of interest is the price path specified in the EICD Act which results in a carbon tax of
$105 after 10 years.

Based on the results from the AEO carbon tax sceanrios, we interpolate the relationship be-
tween carbon prices and the following indices and price series: (1) CPI, (2) WPI All Commodities,
(3) WPI Fuel and Power, (4) WPI Metals and Metal Products, (5) PPI Refined Petroleum Products,
(6) price of natural gas, and (7) price of electricity. To predict the effects of the carbon tax on the
various prices and quantities used as an input into the CARD Model, we run a linear regression
models taking the carbon price from the 2014 AEO as the independent variable and the change in
the index of interest as the dependent variable. In some cases, taking the natural log of the carbon
tax results in a better fit of the predicted series. The R2-values for the the relationship between the
carbon price and the prices/indices range from 0.879 to 0.976.

The scenario to which the baseline is compared is labelled EICD. After the baseline and the
scenario is executed with the CARD Model, the results are used in the GHG model to determine
the emissions from land-use change. As outlined in Carriquiry et al. (2019), the GHG results are
presented along two dimensions: (1) carbon coefficients (i.e., minimum, mean, maximum) and (2)
land type (i.e., cropland and agricultural land). The range in carbon coefficients incorporate the
uncertainty associated with global biomass and soil carbon estimates and is consistent with Gibbs
(2006). The differentiation in land type is either based on crops only (“cropland”) or on the sum
of cropland and pasture. In the GHG model, pasture is explicitly modeled for Brazil based on the
returns from alternative land-uses such as crop production. For countries other than Brazil, pasture
is modeled based on the herd size and the average stocking rate by country (Dumortier et al., 2012).

3 Results
We organize the presentation of our results along three dimensions: (1) Impact on U.S. farm re-
turns, (2) impact on agricultural commodity trade, and (3) greenhouse gas emissions associated
with global land-use change. Unless otherwise specified, we present the results for year 10 which
is the year in which the long-run equilibrium of commodity markets is achieved.

3.1 Impact on U.S. Area and Farm Returns
The carbon tax impacts the financial return of U.S. farmers due to two opposing effects. First,
depending on the commodity, farmers are impacted with different magnitudes of cost of production
increases because some crops require more energy-intensive inputs (e.g., fertilizer) than others.
Marshall et al. (2015) report that rice, cotton, corn, barley, sorghum, soybeans, wheat, and oats
have the highest (in descending order) energy-related production expenses. For example, corn is
more fertilizer intensive than the other crops and thus, the cost of production increase is more
pronounced (Figure 1). Second, commodity prices increase because farmers adjust crop areas with

3Producer Price Indexes for Petroleum Refining, https://www.bls.gov/ppi/ppipetroleum.htm accessed 5
January 2020.
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Figure 1: Percent increase in the cost of production at the end of the projection period based on
carbon tax scenario.

5



0.00%

0.20%

0.40%

0.60%

0.80%

1.00%

1.20%

1.40%

1.60%

1.80%

Corn Wheat Sorghum Soybeans Soybean
meal

Soybean oil Upland
cotton

Ethanol Biodiesel Distillers
grains

Pe
rce

nt 
Ch

an
ge

Figure 2: Percent increase in crop prices at the end of the projection period based on carbon tax
scenario.

an overall decrease in area. Overall crop area in the U.S. declines by 0.4% in the EICD scenario.
Barley, oats, and sorghum decrease between 2.3% and 2.4% whereas corn and soybeans decrease
by 0.9% and 0.1%, respectively. The carbon tax mostly impacts fertilizer and thus, it will not be
profitable to use marginal cropland.

The highest increase in production cost is observed for corn by 16.4%. This is mostly due to
the increase in the price of natural gas which serves as an input in the production of fertilizer. The
smallest increase in the EICD scenario is observed for soybeans, which rises by 11.9%. Although
farmers face higher production cost, the effect on profitability, i.e., market net return, of crop
production is lessened due to an increase in the commodity prices (Figure 2).

The EICD scenario results in a decrease of net returns by up to 8.1% for wheat (Table 1). Olale
et al. (2019) finds that the $35 carbon tax in British Columbia results in a decline in net farm
income of 8-12 cents per dollar in farm receipts. The carbon tax analyzed in their paper is lower.
Schneider and McCarl (2005) find that a tax of $25 t−1 CO2-e results in a decrease of net farm
income of 2.8% in the U.S. and other countries.

3.2 Impact on Agricultural Production, Prices, and Trade
U.S. corn and sorghum exports decrease by 4.9% and 3.4%, respectively. The decrease in soybean
exports is smaller compared to corn at 0.8%. The largest change in U.S. exports is observed for
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Projection Year

1 2 3 4 5 6 7 8 9 10

EICD
Barley -0.9% -1.5% -2.2% -2.7% -3.3% -3.5% -3.9% -4.2% -4.5% -5.1%
Corn -1.3% -2.2% -3.2% -3.9% -4.7% -5.2% -5.7% -6.1% -6.6% -7.4%
Oats -1.8% -2.9% -4.0% -4.8% -5.7% -6.1% -6.6% -6.9% -7.3% -8.0%
Peanuts -0.2% -0.9% -1.2% -1.6% -2.0% -2.3% -2.7% -3.0% -3.2% -3.2%
Soybeans -0.8% -1.2% -1.6% -2.0% -2.4% -2.7% -3.0% -3.3% -3.6% -4.2%
Sorghum -1.4% -2.7% -3.7% -4.5% -5.3% -5.6% -6.2% -6.5% -6.7% -7.7%
Sunflower -1.1% -1.7% -2.3% -2.9% -3.4% -4.0% -4.4% -4.9% -5.3% -6.0%
Wheat -1.6% -2.7% -3.7% -4.5% -5.4% -6.0% -6.4% -6.8% -7.2% -8.1%

Table 1: Change in net returns over the projection period compared to the baseline

sunflower seed with a decrease of 7.5%. This decrease in U.S. exports for major commodities is in
part compensated by an increase in exports of large crop producing countries. Argentina increases
its exports of barley, corn, and sorghum by 0.2%, 1.3%, and 1.0%. As previously mentioned, we
see a slight increase in U.S. wheat production and a decrease in wheat exports from Argentina by
0.5%. Brazil also increases its exports of corn and soybeans by 5.2% and 0.6%, respectively.

The increase in commodity prices directly affects livestock and thus meat production. In the
U.S., we see a slight increase in retail prices for beef and pork below 0.3%. The increase in the
retail prices in broiler is more pronounced from 0.17% to 0.45% above the baseline. The inventory
in livestock remains relatively unaffected and only changes ±0.05% compared to the baseline.
This is consistent with findings by Dumortier et al. (2012) and others due to the inelasticity of
meat consumption in general and beef in particular.

3.3 Greenhouse Gas Emissions Associated with Global Land-Use Change
Research by Dumortier et al. (2012) has shown that a tax on U.S. cattle emissions would actually
increase net GHG emissions globally. Thus, the implementation of a carbon tax in the U.S. that
affects agriculture warrants attention to avoid similar effects. Our results show that an increase in
carbon emissions triggered by land-use change is negligible and represents less than 0.6% of U.S.
emissions in 2017 (EPA, 2019). The emissions scenarios from land-use change are differentiated
by (1) cropland and (2) agricultural land (cropland and pasture). Due to uncertainty in biomass
and soil carbon, we report emissions from minimum, maximum, and mean carbon coefficients.

As shown in Figure 3, the reduction in U.S. emissions from land-use change is partly offset by
emissions from land-use change in other countries, especially Brazil. Focusing on emissions from
changes in cropland and pasture (due to changes in livestock inventory), the maximum emissions
in the EICD scenario are 35.37 Tg CO2-equivalent (CO2-e). Using minimum and mean carbon
coefficients, the emissions are 5.95 and 16.22 Tg CO2-e, respectively.
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land” includes crops only whereas “Cropland and Pasture” includes crops as well as pasture mod-
eled either explicitly (i.e., Brazil) or implicitly through livestock herd size (i.e., countries other
than Brazil).
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There are multiple reasons why we do not see a significant increase in emissions as in Du-
mortier et al. (2012). The EICD imposes a carbon tax on energy and does not tax direct emis-
sions from agriculture such as enteric fermentation, manure management, and/or crop manage-
ment. Methane emissions from ruminant animals of nitrous oxide emissions from fertilizer are
excluded in the EICD and in this analysis. Hence, livestock producers see an increase in their
operating cost due to higher feed prices and general increases in the producer price index but are
exempt from all other emissions. This only results in small changes in the livestock inventory and
no transfer of production to other countries.

Elobeid et al. (2013) analyze the effect of 10% increase in the cost of nitrogen on fertilizer
application in the United States. They conclude that nitrogen consumption would decline by 0.2%
compared to the baseline and associated N2O emissions would decline by 0.15%. In our analy-
sis, the increase in the cost of fertilizer in the EICD scenario is 0.23% and thus, total emissions
are expected to decrease by slightly over 0.3%. According to the EPA (2019), 2017 emissions of
synthetic fertilizer were 60.2 Tg CO2-e and hence, the expected change would be less than 0.2
Tg CO2-e. Singh et al. (2019) cites strategies like reduced/no-tillage, changes in crop rotation,
and grazing management to reduces carbon emissions from grazing lands and crop area. Veri-
fying those adaptations may be difficult from an administrative perspective which favors the tax
approach.

4 Discussion and Conclusion
We shed light on the effects of a carbon tax on U.S. agriculture and global commodity trade. The
EICD proposal imposes a carbon tax on producers of fossil fuels which keeps the administrative
cost and regulatory requirements practicable from the government’s perspective because only a
relatively small number of entities is regulated. In our analysis, the carbon tax is introduced via
an increase in the cost of production for U.S. agriculture. Because direct agricultural emissions
from enteric fermentation, manure management, and crop management are excluded from current
proposals, farmers only experience an increase in the input cost and are not required to keep track
or report emissions from those sources.

Energy-intensive crops such as corn see the highest increase in per acre cost of production of
up to 16.4%. The increase in production cost is in most cases related to the price increase for
natural gas, which is an important input in the production of fertilizer. We show that the decrease
in net returns for farmers is dampened by an increase in commodity prices and a contraction of
area resulting in a decline in net returns by a maximum of 8.1%. Distributional difference arise
depending on the crop considered with corn, wheat, and oats showing the highest drop in net
returns and peanuts and soybeans having the smallest decline in net returns. The effect on farm
profitability is mainly a function of the energy/carbon intensity of the crop considered.

A unilateral implementation of a carbon tax with the exclusion of certain emissions sources
can potentially lead to carbon leakage (Elliott and Fullerton, 2014). We find a small increase in
net emissions from a change in agricultural trade patterns but those emissions are compensated by
the overall reduction in GHG emissions in the United States. Elobeid et al. (2013) showed that
fertilizer use in the U.S. is very inelastic and hence, we expect little reduction in overall nitrous

9



oxide emissions associated with fertilizer use. The policy implications are that little carbon leakage
from the agricultural sector to other countries is expected from the carbon tax in the United States.
Although we show a slight increase in carbon emissions from land-use change due to a carbon tax
in the U.S., the overall reduction in carbon emissions will more than offset this increase. Emission
reductions of 45% compared to 2015 levels (and 52% compared to 2005 levels) are expected from
the EICD proposal (Kaufman, 2018).

The main impact on the agricultural sector is in terms of reduced net farm income. Olale et al.
(2019) argues for some support (e.g., in the form of exemptions) of the agricultural sector because
farmers are price takers and hence, have limited ability to shift the increase in the cost of produc-
tion to consumers. On the other hand, Lin and Li (2011) show that carbon policy exemptions of
carbon-intensive sectors can weaken the mitigation effects. There are also important distributional
assumptions with regard to the carbon tax because of the revenue-neutral design, i.e., the payment
of a lump-sum the tax to U.S. residents.

Given the expected negative effects of climate change on U.S. agriculture in terms of net rev-
enue loss triggered by declining yields, the carbon tax may be a more cost effective policy. This
of course goes back to the discussion on the expected (and highly uncertain) damages associated
with climate change and how those future expenditures compare to costs incurred today to avoid
rising temperatures. The answer to this question is beyond the scope of this paper.
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