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Abstract

We assess the regional differences of three carbon tax scenarios on U.S. agriculture in terms of commod-
ity prices, crop production, and farm income. Our model covers corn, sorghum, soybeans, and wheat
between 2018 and 2030 and carbon prices ranging from $62 to $144 t~' CO,-¢ at the end of the pro-
jection period. The basis for the analysis are the carbon tax projections from the 2020 Annual Energy
Outlook produced by the U.S. Energy Information Administration. Our county-level results indicate the
smallest percentage decline in terms of net revenue in the U.S. Midwest despite the operating cost for
corn increasing the most. We find that the increase encourages the reduction in corn area which raises
corn prices such that the overall decline in net returns is small relative to other crops. Net returns for
wheat in Kansas, Montana and the Dakotas decline the most. From a policy perspective, it is important
to note that crop prices together with input cost are increasing and thus, the decline in net returns for
farmers is offset to a certain degree. We hypothesize that the presence of the Conservation Reserve Pro-
gram (CRP) dampens some of the declines in net returns because the retirement of cropland increases
commodity prices for counties remaining in crop production.

1 Introduction

In the United States, multiple carbon tax proposals have been put forth to reduce greenhouse gas (GHG)
emissions. The Energy Innovation and Carbon Dividend Act of 2019 (EICD Act) stipulates a carbon tax
starting at $15 per metric ton of carbon dioxide equivalent (t! CO»-e) and increasing by $10 per year
until GHG emissions reach a preset target. The EICD Act is designed to be revenue neutral and includes the
establishment of a Carbon Dividend Trust Fund to distribute the tax revenue back to eligible U.S. households.
A second proposal, i.e., the American Opportunity Carbon Fee Act of 2019 (AOCF Act), specifies a carbon
tax starting at $52 and increasing by 6% annually. In both proposals, the carbon tax is adjusted for inflation
each year and includes border adjustments for imported energy-intensive goods. The latter stipulation is
designed to avoid circumventing the carbon tax by importing goods whose production is not subject to
carbon pricing. The carbon tax rates after 10 years are $105 and $88 t~! CO,-e for the EICD and AOCF
Act, respectively. The EICD Act specifically exempts fuels used for farming purposes and non-fossil fuel
emissions from agriculture such as from agricultural soil and livestock management. The AOCF Act offers
a tax credit of 6.2% of earned income up to the maximal tax credit amount of $900. This provision is similar
to the redistribution of tax revenue back to eligible households under the EICD Act but limits the recipients
to low-income households.
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Currently, the only carbon tax in North America is found in Canada where a carbon price floor was
established in 2018 (Slade, 2018). The price floor starts at CAD $10 t~! CO,-e and rises by CAD $10 per
year until it reaches CAD $50 t~! CO,-e. Imposing a carbon tax as opposed to a cap-and-trade system has the
advantage that the price on emissions is deterministic, which results in planning security for stakeholders
(Weitzman, 1974). However, of all the carbon pricing schemes implemented globally, there is an equal
split between cap-and-trade systems and carbon taxes (World Bank, 2019). As aforementioned, the U.S.
discussion over the last decade has focused on a cap-and-trade policy whereas the current debate focuses on
a carbon tax.

Any carbon tax proposal will likely include exceptions and special provisions for agriculture. As men-
tioned before, the EICD Act excludes emissions from livestock management and fuel used for farming
purposes. In addition, the American Power Act of 2010 — which would have established a cap-and-trade
system in the United States — included carbon offset credits for agriculture. That is, farmers and landowners
engaging in carbon sequestering activities would have received payments in accordance with the prevailing
carbon price. The eligible offsets would have included afforestation and reforestation projects as well as
other agricultural, grassland, and rangeland sequestration and management practices. Other mitigation op-
tions from agricultural crop management entail reducing tillage intensity, changing crop rotations, reducing
fertilizer application rate, or shifting from fall to spring application of fertilizer (ICF International, 2013).
Emission reductions from livestock focuses on digesters for manure management or diet changes to reduce
methane emissions from enteric fermentation (ICF International, 2013).

A deterministic carbon offset payment, which would result from a carbon tax increases the adoption
rate for farmers because farmers would know in advance and over multiple years how much revenue would
be generated. Under a cap-and-trade policy, the offset payments may fluctuate from year to year, which
results in lower adoption rates of mitigation or offset options. Dumortier (2013b) finds that afforestation
carbon credits under an uncertain carbon price would not result in a substantial amount of forest carbon
credits generated because of the option value resulting from uncertain returns in agriculture. Given the
current proposals of implementing a carbon tax, which has no uncertainty associated with potential offset
payments, would change those results and possibly lead to more afforestation. The same would be true for
other mitigation and sequestration activities.

The Conservation Reserve Program (CRP) will play an important role in the agricultural sector under
various carbon tax policies. Currently, there is a cap of around 10 million hectares (ha) as well as a max-
imum of 25% of a county’s cropland that can be enrolled in CRP . Under a carbon tax, CRP land could
serve multiple purposes. First, there are environmental benefits from retiring cropland (Hellerstein, 2017).
Second, enrollment in the CRP could serve as a price support mechanism for (1) farmers remaining in crop
production, and (2) landowners having their land enrolled instead of being exposed to low profitability.

We also include land set aside into the Conservation Reserve Program (CRP) which has been established
to protect highly erodible and/or environmentally sensitive cropland (Hellerstein, 2017). Higher commodity
prices have led to lower CRP enrollment in the past (Miao et al., 2016; Hellerstein, 2017). A carbon tax is
expected to raise production cost and commodity prices disproportionably such that net returns for farmers
will be lower. Thus, given lower net return, CRP enrollment should increase under a carbon tax potentially
providing additional environmental benefits besides the reduction in GHG emissions. Our model will inform
policy makers, farmers, and other stakeholder on the effects of the carbon tax and can contribute to a better
understanding of the consequences at the regional/local level.

In view of the policy proposal and growing support for a carbon tax, we analyze the effects of three
carbon price policy scenarios on the agricultural sector in the United States. We assess changes in average
farm income at the county-level until 2030 under the carbon tax simulations from the 2020 Annual Energy



Outlook (AEO) produced by the U.S. Energy Information Administration (EIA, 2020). The three carbon tax
scenarios do not differ in their annual growth rate of 5% but differ in their starting prices. The carbon prices
start are $15, $25, and $35 t~! CO,-¢ in the GHG 15, GHG 25, and GHG 35 scenarios, respectively. In
addition, the effects on commodity prices and land-use are quantified. There are different effects on farmers
depending on the location due to spatial differences in production cost and yields. A previous carbon tax
study was conducted over a decade ago at the national level but did not include consequences at the regional
level (Schneider and McCarl, 2005). Our model will inform policy makers, farmers, and other stakeholder
on the effects of the carbon tax and can contribute to a better understanding of the consequences at the
regional/local level.

2 Model

We use a dynamic rational expectations model for corn, sorghum, soybeans, and wheat at the county level
in the United States. Each county is characterized by a representative farmers who allocates land to the
modeled commodities based on net returns. Agriculture is a perfectly competitive market and hence, all
farmers are price takers and do not account for the effect of their acreage decision on output prices into
account. In aggregate, the dynamics of the net returns are endogenous to the model and commodity prices
are set at the national level. Specifically, the profit maximization problem of the representative farmer in
county i in time period ¢ can be expressed as:
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where 7;; represents the county- and year-specific profit and k denotes the commodity. On the revenue side,
Diks Vitk, and aj;x represent the price, yield, and area, respectively. On the cost side, B and 6;; represent cost
parameters. The specification of the cost function is such that 8 is year specific whereas 6, is independent
of time. In the simulation part of the analysis, the carbon tax cost increases will be implemented through
changes in the parameter S;. In addition, note that the cost function exhibits increasing marginal cost.
This specification is similar to Dumortier (2013a), Dumortier (2013b), and (Dumortier et al., 2020) with the
exception of the new time aspect in Equation (1). The behavioral profit maximization function needs to be
solved subject to the fixed land constraint and the non-negative constraint, i.e.:
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Setting up the Lagrangian and deriving the first-order conditions is straightforward (i and ¢ dropped for
notational ease):
PkYk = B — kax — i+ de =0 Yk “)

And then first-order conditions associated with the land and non-negativity constraints:
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The last condition ensures that the area allocation is non negative. It is important to point out that our model
assumes a fixed stock of land which does not change over the projection period. Future work should relax
this assumption and include idle cropland and/or land in CRP as a pool (1) to which land can be placed into
or (2) from which land can be drawn if market conditions change. The advantage of assuming a fixed pool
of land is twofold: First, extreme expansion or contraction of land during the simulation process is limited.
And second, estimation of acreage allocation as a function of net returns for each county and crop is not
necessary. The land allocation module also includes the possibility to enroll land into the CRP program.
We are making some simplifying assumptions for our analysis. We do not impose an overall upper limit on
total CRP land enrolled. However, we impose a limit of a maximum of 25% of cropland in a county being
enrolled in CRP. If the enrollment is over 25%, the model allocates the excess land to the crops ensuring
that the cap of 25% is met. The decision to enroll in the CRP is based on the average rental rate between the
years 2013 to 2018. We implicitly assume that land can be put in and taken out of CRP on an annual basis.

Demand for each crop is composed of food, feed, and the export sector (m = 1,2, 3). In addition, corn
also faces demand from the biofuel sector. For each sector, demand is modeled as a constant elasticity
function depending on commodity prices (own price and cross-prices) and a time trend. The time trend is
later used to calibrate the model with data from the U.S. Department of Agriculture. We model the demand

for a total of four commodities (k = 1,...,4) and in its most general form, it can be written as
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Given the land allocation model and the demand functions, the simulation model solves for the market
clearing price such that excess demand is zero for each commodity and each year. The solution consists of a
time series of commodity prices for corn, sorghum, soybeans, and wheat for the baseline as well as the three
carbon tax scenarios.

3 Data and Model Calibration

In the following sections, we describe the data and model calibration to construct the simulation baseline and
incorporate the carbon tax scenarios. The approach follows closely Dumortier (2013a), Dumortier (2013b),
and Dumortier et al. (2017). The model represents an extension of the framework used in Dumortier et al.
(2017). The macroeconomic assumptions and carbon tax projections are based on the 2020 AEO (EIA,
2020). For the contiguous U.S., our model projects county-level agricultural production, net returns, and
from 2018 to 2030 with the carbon tax scenarios starting in 2021. All prices are expressed in 2018 dollars.

3.1 Yield and Area Data

Yield data is obtained from USDA’s National Agricultural Statistics Service (NASS). For the four crops and
each county, we use the yield data from 2005 to 2017 to linearly project the yield until 2030. Counties
that were not active in crop production for at least six years between 2005 and 2017 were dropped from the
analysis. We assume that the yield is exogenous and does not change between the carbon tax scenarios. To
obtain the base area allocated to the four crops in each county, we use the average area harvested for each
crop from 2010 to 2017. The total area in each county available for production of the four crops is the sum
of the individual areas. We assume that the total area is fixed at the county-level and there is no expansion
or contraction (e.g., from land retirement) over the projection period.



3.2 Cost of Production

The USDA’s Economic Research Service (ERS) from the USDA provides data on the historical operating
cost for commodities and agricultural regions. The operating costs are composed of chemicals, custom
operations, fertilizer, energy (fuel, lube, and electricity), interest on operating capital, purchased irrigation
water, repairs, and seed. Furthermore, the U.S. is subdivided into nine Farm Resource Regions to capture
the dominant agricultural practices in the various parts of the country (USDA, 2000). In order to project
the impact of the carbon tax on these cost components, we use the Center for Agricultural and Rural De-
velopment modelling framework (CARD Model). More specifically, the CARD Model includes a cost of
production module, which projects future operating cost subdivided in the various cost components men-
tioned. The operating cost projections in the CARD Model are based on the components of the Producer
Price Index (PPI). For example, the fertilizer price index is coupled to the evolution of the index PPI Utility
Natural Gas. The CARD Model uses a total of eleven PPI indices to project future cost. The AEO does not
project all components of the PPI needed in the CARD Model to estimate cost of production for crops in the
projection period but focuses on the energy components of the PPI and energy prices. Because energy prices
are affected the most under a carbon tax, we can make some simplifying assumptions without introducing a
bias in our results.

The 2020 AEO projections consider a reference case with status-quo energy policies as well as three
carbon tax scenarios. It projects three components of the Wholesale Price Index (WPI):' (1) WPI All
Commodities, (2) WPI Fuel and Power, and (3) WPI Metals and Metal Products. WPI Fuel and Power
is used to project the PPI Gas Fuels and PPI Fuels, Related Products & Power. WPI Metals and Metal
Products can be directly used on the CARD Model. We use the price of diesel, jet fuel, and gasoline to
projected the PPI Refined Petroleum Products. The price of electricity is used for the PPI Electric Power
and the price of natural gas is used for PPI Utility Natural Gas. The other PPI components are linked to WPI
All Commodities (Dumortier and Elobeid, 2020).

Note that we only use every third year of the WPI because our projection model ranges over a shorter
time period (until 2030) than the AEO Outlook (until 2050). We assume U.S. cost of production for missing
regional values.> The operating cost for the baseline and the three carbon tax scenarios represent the param-
eters Bix in Equation (1). We assume that for every county within USDA’s Farm Resource Region (FRR),
B 1s identical. The parameters 6;; are calibrated based on the first order conditions and are constant across
the baseline and the scenarios.

3.3 Commodity Demand

To calculate the domestic demand in the United States, we rely on the elasticity estimates from the literature
as well as from the Food and Agricultural Research Policy Institute (FAPRI) at the University of Missouri
(Table 1) FAPRI (2011); Chen et al. (2011). To calculate the constant v;,, and the time coefficient, we
calibrate the model to the long-term projections from USDA (2020). The projections extend to 2029 and
we linearly extrapolate to 2030 for the crops and sectors covered in our model. Given the yield projections,
profit and demand function, we calculate the equilibrium prices over the projection period for the baseline.
To implement the three carbon tax scenarios, the cost parameters S8;; are adjusted based on the cost of

"Note that in 1978, the Bureau of Labor Statistics changed the name from WPI to PPI but the index methodology remained
unchanged.

2For the following regions (commodities), U.S. cost of production values were used: Basin and Range (corn, sorghum, and
soybeans), Eastern Uplands (wheat), Fruitful Rim (corn, sorghum, and soybeans), Mississippi Portal (corn), Northern Crescent
(sorghum), Northern Great Plains (sorghum), Southern Seaboard (sorghum).



Pco PsG PsB PWH Ujm t

Corn

Food -0.230 7.128 -0.001
Feed -0.201 0.110 -20.420 0.013
Exports -0.570 0.120 -40.444 0.023
Sorghum

Food -0.430 5.525 -0.001
Feed 2.140 -2.530 32.053 -0.014
Exports -2.360 1.015  0.006
Soybeans

Domestic  0.120 -0.434 -20.403  0.013
Exports 0.030 -0.630 0.020 -42.192 0.025
Wheat

Food -0.300  -4.253  0.005
Feed 1.610 -2.150  12.269 -0.004
Exports 0.170 0.040 -1.230 -15.492 0.012

Table 1. Demand parameters used in Equation (7). Price elasticities are based on FAPRI (2011) and Chen et al.
(2011). The parameters v, and ¢ are calibrated using USDA (2020).

production module from the CARD Model. The carbon tax affects energy intensive inputs such as fertilizer
and fuel. This may lead to farmers moving between crops resulting in changes in supply, commodity prices,
and net returns.

4 Results and Discussion

In the presentation of our results, we focus on (1) cost of production, (2) commodity prices and land allo-
cation at the county level, and (3) farm income. Except for the commodity prices, the results are presented
for 2030 but yearly results are available upon request from the authors. The carbon prices at the end of
our projection period are $62, $103, and $144 t~! CO,-e for the GHG 15, GHG 25, and GHG 35 scenario,
respectively.

4.1 Cost of Production

The increase in the cost of production in the GHG 35 scenario ranges from 20.7% for wheat in the Missis-
sippi Portal to 34.8% for corn in the Eastern Uplands (Figure 1). Corn and soybean production dominates
the Heartland. Corn production cost increases by 14.% and 33.0% at a carbon price of $62 and $144, re-
spectively. The price increase for soybean production is lower because the crop is less fertilizer intensive
and the increase is limited to 9.9% and 22.3% for the carbon price of $62 and $144, respectively. The cost
of production for soybeans in the Mississippi Portal — a region of high soybean production — increases
0.1-0.3 percentage points compared to costs in the Heartland.

Spring wheat production is mostly concentrated in the Northern Great Plains and cost of production
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Figure 1. Cost of production increase in the USDA Farm Resource Regions in 2030 under the various carbon price
scenarios. The price increase is relative to the baseline.



increases range from 10.0% (GHG 15) to 22.1% (GHG 35). This is comparable to the increase in the
Prairie Gateway where winter wheat production is concentrated with an increase between 10.0% to 22.3%.
Sorghum cost of production in the Prairie Gateway increases by 12.4% and 28.2% in the cases GHG 15
and GHG 35, respectively. Note that all of these cost increases are based on operating cost per hectare and
difference in farm income occur based on land productivity.

4.2 Commodity Prices and Land Allocation

Our results suggest commodity price increases for all crops in the magnitude of 1.8%-6.3% (GHG 15),
3.2%-10.6% (GHG 25), and 4.4%-14.7% (GHG 35). The highest price increases are observed for corn in
all scenarios whereas soybeans prices increase the least. Wheat prices increase by 5.2%, 9.6%, and 14.5%
in the scenarios GHG 15, GHG 25, and GHG 35, respectively. For sorghum, price increases are 3.0%
(GHG 15), 5.7% (GHG 25), and 7.6% (GHG 35). The land allocation changes under the carbon taxes help
to better understand the price effects. Compared to the baseline, total U.S. corn area decreases by 1.5%,
2.3%, and 3.1% in the GHG 15, GHG 25, and GHG 35, respectively. For the same scenarios, sorghum area
decreases by 4.7%, 7.3%, and 8.0%, respectively (Table 2). The decrease in both cases is explained by the
high fertilizer and other energy-intensive input use of these crops compared to soybeans and wheat (Figure
1). Thus, the increase in production costs leads to a decrease in area for these crops. Area for soybeans
decreases by less than 2.2% at the end of our projection period even under the highest carbon price. Area
for wheat decreases by up to 10.9% in the GHG 35 scenario. This decrease in wheat area is explained by
farmers shifting away from wheat production, which already has low profitability compared to corn and
soybeans in the baseline. A detailed break-down of the change in area reveals that in the case of wheat,
the largest wheat producing states, i.e., Kansas and Montana, decreases their wheat area by 5.4% and 8.7%,
respectively. Sensitivity scenarios show that the decrease in wheat area would be even more substantial
without the 25% cap on CRP enrollment by county.

4.3 Farm Income

Given the increase in corn prices, the decrease in net returns for the Midwestern states is limited. For Illinois,
Indiana, and Iowa, the median decrease (across the counties) in net returns is a maximum of 7.0% for Illinois
in the case of the highest carbon tax scenario. For GHG 15 and GHG 25, the decrease in net return are 1.8%-
3.9% and 2.6%-6.0%, respectively for the three states. Median net returns decrease by 11.4% and 18.7% in
the wheat-producing states of Montana and North Dakota, respectively. A decrease in median net returns of
27.3% is found in Kansas in the case of GHG 35, which represents the largest decline for all states.

5 Conclusion

Increasing concern about climate change has sparked interest in implementing a carbon pricing scheme in
the United States and elsewhere. After the introduction of a cap-and-trade policy proposal in 2009, more
recent proposals favor a carbon tax on energy-intensive inputs derived from fossil fuels. In this paper, we use
three carbon tax paths derived by the EIA for their Annual Energy Outlook to evaluate the effects on U.S.
agriculture for four crops. The goal is to provide insights for policymakers, farmers, and other stakeholders
of the financial implications associated with a carbon pricing policy. Our analysis also shows that there are
significant regional differences from the effects of the carbon tax on net returns for farmers. The smallest
decrease is found in the Midwest despite the fact that corn input costs increase the most of all the crops



State GHG 15 GHG25 GHG35

Corn

Illinois -0.5% -1.1% -1.7%
Indiana -3.4% -5.4% -71.4%
Towa -0.8% -1.2% -1.7%
Minnesota -0.8% -1.3% -1.9%
Missouri -5.1% -8.6% -11.8%
Nebraska -0.8% -1.4% -1.9%
North Dakota 0.0% -0.3% -1.4%
Ohio -2.8% -4.8% -6.9%
South Dakota -0.6% -1.0% -1.4%
Wisconsin -5.2% -85% -11.3%
Sorghum

Kansas -13%  -10.0%  -14.0%
Texas -6.3% 91% -17.9%
Soybeans

Arkansas -0.2% -0.3% -0.5%
Illinois -0.3% -0.7% -1.4%
Indiana -1.7% -2.6% -3.6%
Towa -1.4% -2.2% -3.1%
Kansas -4.3% -6.2% -7.5%
Minnesota -1.2% -2.0% -3.1%
Missouri 0.3% 0.1% -0.4%
Nebraska -1.1% -1.6% -2.2%
North Dakota -1.5% -2.5% -4.1%
Ohio -1.1% -1.9% -2.9%
South Dakota -0.8% -1.5% -2.3%
Wheat

Kansas -2.3% -2.9% -5.4%
Montana -2.1% -5.4% -8.7%

North Dakota -0.8% -3.1% -5.6%

Table 2. Change in area relative to the baseline for major states producing the crops covered in this analysis. For all
commodities except sorghum, states with an area of more than 1 million ha in the baseline are included. For sorghum,
the area threshold is set to 0.4 million ha.



analyzed. This increase in cost is followed by a contraction in area, which results in a price increase for
corn, thus partly compensating for the rise in cost. Counties that rely on wheat production are the most
affected by the carbon tax.

This paper does not evaluate the role of the CRP in stabilizing net returns and contributing to envi-
ronmental goals. An increase in the enrollment limit in combination with higher CRP payments could
potentially encourage farmers to enroll more land into the CRP and thus, reduce the supply of farmland. We
hypothesize that this would dampen the effect of decreased net returns especially for wheat areas in Kansas,
Montana, and the Dakotas. We also do not evaluate the effect of carbon tax payments to farm families. The
effects will probably be small given that the payments are independent of farm size. Large farms in terms
of area would see a large decline in net returns, which would not be compensated by payments. Thus a per
hectare payment for conservation purposes such as the CRP would be more effective. Given the decline in
net returns, some landowners would also find it unprofitable to remain in crop production and would aban-
don farmland. If farmland is not enrolled in CRP, the question remains on the future use of these abandoned
acres.

Another aspect beyond the scope of this analysis are the effects of climate change on U.S. crop yields.
Although our analysis projects cost, area, and net return over the next ten years, the adverse effects in terms
of precipitation and temperature changes could potentially be felt within that period and certainly beyond.
Evaluating the difference in the cost of a carbon tax versus the damages from climate change is left for
future research. Corn yields in the Midwest are projected to be affected the most from climate change,
which would probably be more costly than the effects of a properly designed carbon policy, e.g., carbon tax
in combination with incentives for higher CRP enrollment.

Lastly, the role of offset options such as reduced tillage activity or afforestation must be examined more
closely. The advantage of the carbon tax is the certainty of offset payments as opposed to the case of an
uncertain carbon price under a cap-and-trade scheme. Changing management practices may also occur in
the context of input substitutability due to the carbon tax on energy-intensive inputs.
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