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THE IMPORTANCE OF AGRICULTURE IN THE

ECONOMY: IMPACTS FROM COVID-19

JAYSON BECKMAN AND AMANDA M. COUNTRYMAN

Much of the attention from COVID-19 has been on the impacts on tourism and other service sectors;
but there has been a growing interest in some agricultural and food topics, such as the decline in food
away from home (FAFH) expenditures. Our work considers the importance of FAFH in the overall
economy, and we also consider changes in agricultural production and trade that have occurred
because of COVID-19.We gather data on actual changes to these components, as well as similar shocks
to non-agricultural sectors, and employ a simulation model to estimate the impacts on gross domestic
product (GDP). Results indicate that changes from agriculture due to COVID-19 have had a larger
effect on the overall U.S. economy than the share of agriculture in the economy at the beginning of
COVID-19. But the non-agricultural shocks still outweigh the impacts from agriculture by a magnitude
of 3. Breaking the results down along the components, we find that the loss in FAFHexpenditures is the
largest contributor to the change in GDP resulting from shocks to agricultural markets and conclude
that agricultural production/trade markets have been very resilient during the pandemic. Our results
also indicate that our model (computable general equilibrium) does reasonably well in estimating
GDP compared to actual changes due to the inclusion of data on actual demand, supply, and fiscal
responses to COVID-19.
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COVID-19 has disrupted global economies,
with restrictions in movement (both domestic
and international) leading to large unemploy-
ment and GDP changes across the world. All
facets of the economy have been impacted,
with double-digit decreases in the number of
flights, tourism severely affected, and oil prices
decreasing to levels not seen in two decades.
Although agriculture, perhaps, did not receive
as much attention as other sectors of the econ-
omy (e.g., airlines and tourism) early in the
pandemic, Yaffe-Bellany and Corkery (2020)
note that the closing of restaurants, hotels,

and schools left some farmers with no buyers
for more than half their crops. Even as grocery
retailers saw spikes in food sales to Americans
who are now eating more meals at home, the
increase might not have been enough to
absorb all the perishable food that was planted
prior and intended for schools, restaurants,
and other businesses.
Agriculture is often deemed a “national

security” priority by countries as those prod-
ucts are necessary for existing, whereas most
manufacturing items are not as essential—
hence, demand for these items is often linked
to consumer sentiment. Along with differ-
ences in the necessity of agriculture on the
consumption side, agricultural production is
also different than manufacturing given the
land and other biological requirements for pri-
mary agriculture; demand for low-skilled sea-
sonal labor, particularly for fruit and
vegetable production; and seasonality
(Charlton and Castillo 2020; Luckstead,

This article was published via expedited review through the AJAE
call for “COVID-19, Food,Environment, andDevelopment”man-
uscripts.

Jayson Beckman is a senior economist, Economic Research
Service—USDA. Amanda M. Countryman is an associate profes-
sor, Colorado State University.
The Economic Impacts from Agriculture due to COVID-19.
Correspondence to be sent to: jayson.beckman@usda.gov

Amer. J. Agr. Econ. 103(5): 1595–1611; doi:10.1111/ajae.12212
Published online March 7, 2021

© 2021 Agricultural & Applied Economics Association. This article has been contributed to by US Government
employees and their work is in the public domain in the USA.

mailto:jayson.beckman@usda.gov


Nayga Jr, and Snell 2020). The later point is
particularly important if producers do not find
a buyer for their crops, as most cannot be
planted for another year. Changes to livestock
decisions could also be felt this year or next
but also could be important in the longer run,
as it takes time to build back stocks. Trade is
an option, but Chenarides, Manfredo, and
Richards (2020) note that COVID-19 has dis-
rupted supply chains worldwide; and it has
been noted that some countries impose, or
are thinking of introducing, export restrictions
to secure domestic food supplies (Casey and
Cimino-Isaacs 2020).
Although the disruptions from COVID-19

are ongoing, there is a growing body of
research on the economic impacts of the virus.
Most research that is global in scope has
focused on macroeconomic changes
(e.g., GDP), but some have used a computable
general equilibrium (CGE)model to try to dis-
entangle the sectoral and country-specific
effects. McKibbin and Fernando (2020) con-
sider seven scenarios based on changes to
labor supply, the equity risk premium of eco-
nomic sectors, the cost of production, con-
sumption demand, and government
expenditures. Maliszewska, Mattoo, and van
der Mensbrugghe (2020) also employ a CGE
model with shocks to labor and capital, inter-
national trade costs, a reduction in travel ser-
vices, and a redirection of demand away from
activities that require proximity between peo-
ple. As will be shown in the results, these early
studies underestimated the negative economic
consequences of the virus. Finally,
ADB (2020) also use a CGE model with
observed data on impacts for China, account-
ing for several economic dimensions of the
pandemic: an increase in trade costs that
affects the movement of people and inbound
tourism, a negative supply-side productivity
shock that cuts wages and corporate earnings,
and fiscal stimulus. In addition, some
(e.g., Beckman, Baquedano, and Country-
man 2021) highlight the impact of COVID-19
on global food security.
These above-mentioned pieces of research

all use the Global Trade Analysis Project
(GTAP) database (Aguiar et al. 2019)—the
predominant source of information underly-
ing CGEmodels. However, although the stan-
dard GTAP database has twenty
disaggregated agricultural sectors (out of
sixty-five total sectors); all the above-
mentioned papers aggregate all those sectors
into one broad agricultural sector. There are

several recent studies investigating sector-
specific impacts in agricultural industries
(Çakır, Li, and Yang 2020; Khanna 2020;
Lusk, Tonsor, and Schulz 2020; Mallory 2020;
Maples et al. 2020; Martinez, Maples, and
Benavidez 2020; Ridley and Devadoss 2020;
van Senten, Engle, and Smith 2020) as well as
country case studies and regional analyses of
the economic consequences of the pandemic
(Chang and Meyerhoefer 2020; Gupta
et al. 2020; Liverpool-Tasie, Reardon, and
Belton 2020; Mueller et al. 2020; Schnitkey
et al. 2020; Mahajan and Tomar 2021; Varsh-
ney et al. 2021). But, these pieces of research
have not examined the relationship between
COVID-19 and agricultural commodities in
an economywide framework.

Our work also uses a CGE model, but we
focus on two points: providing actual changes
to estimate the economy-wide impact of
COVID-19, specifically, considering heteroge-
nous changes across regions and sectors; and
determining how much of the overall,
economy-wide impact is due to agriculture.
To do so, we examine several components of
economic change pertaining to agriculture,
and the entire economy, with a focus on cap-
turing the demand, supply, and fiscal
responses. We use data from the World Agri-
cultural Supply and Demand Estimates
(WASDE) and Foreign Agricultural Service
PS&D (Production, Supply and Distribution)
to provide information on actual changes to
agricultural production and trade that
occurred in 2020, comparing values to those
for 2019. These estimates indicate that agricul-
tural production (and trade) slightly increased
in 2020 despite COVID-19.i One important
aspect of the link between agriculture and
the economy-wide impacts of COVID-19 is
for food away from home (FAFH). As noted
in ERS (2020a), FAFH home expenditures in
the U.S. declined 21% relative to the previous
year. Given that this component of the econ-
omy provides employment for many, the
macro-economic impacts from this expendi-
ture reduction does generate a substantial
GDP loss. We compare these impacts from
agriculture with similar shocks for the entire
economy (thus capturing the nonagricultural
impact, and as will be explained later, the

iWe do note that there has been media coverage of supply issues
in agriculture, in particular, closures of meat packing plants; but
there is not enough evidence that these short-run disruptions
severely impacted the agricultural sector, as described by the
WASDE data.
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demand, supply, and fiscal responses) and find
that the share of impact from agriculture is
greatest for regions that have a large FAFH
sector (e.g., the United States). In this
instance, the impact from agriculture is still
only one-third of the total economy shock,
although this amount is higher than the 5.4%
share of agriculture in the U.S. national econ-
omy. We further distill the agriculture results
into impacts from the three shocks, finding
that almost all notable GDP change is from
FAFH. As such, one conclusion of this work
is that production agriculture (and trade) have
been resilient in the face of the pandemic,ii but
related industries, such as FAFH have been
impacted. Finally, our model results indicate
that the CGEmodel does reasonably well sim-
ulating GDP when compared to actual GDP,
replicating the global average, but with rela-
tively minor differences by regions.

Modeling Framework

CGE models provide economy-wide and sec-
toral effects while considering the links and
interactions between sectors, competition
among these sectors for limited economic
resources, and interactions among production,
consumption, and trade activities. CGE models
have received heavy usage in market analysis
(Valenzuela et al. 2007), trade policies
(e.g.,Hertel,Martin, andLeister 2010; Beckman
and Arita 2017; Countryman and
Bonanno 2020), previous pandemics (McKibbin
and Fernando 2020), and tax policy (Beckman,
Gopinath, and Tsigas 2018); and they have
become an important part of COVID-19
research. Given the recentness of COVID-19,
much of the early research relied on ad-hoc
assumptions for shocks to inform the CGE
models. Given that enough time has elapsed in
the pandemic, our CGE modeling inputs use
actual changes based on observed data.

The CGE model we use is the standard
GTAP model, where producers are described
as perfectly competitive cost-minimizers, with
technology defined as a nested production
function. Producers’ demand for intermediate
inputs responds to prices for inputs and out-
puts, subject to a Leontief intermediates

production function. A CES production func-
tion over value added allows producers to sub-
stitute among primary factors as their relative
prices change. Consumer demand is described
by a Constant Difference of Elasticity (CDE)
demand system, a non-homogeneous function
that allows income growth to affect consumer
preferences. Cobb–Douglas functions
describe government and investment demand,
which imply constant budget shares in total
expenditure. Import demand is described by
nested Armington functions, in which demand
is first allocated between the domestic good
and the composite import, and then among
national sourcing of the composite import.
Countries (or regions) are linked through their
bilateral trade flows, which explicitly account
for transportation andmarketing costs in mov-
ing goods from port to port. We follow a simi-
lar approach with other COVID-CGE work
(e.g., Maliszewska,Mattoo, and van derMens-
brugghe 2020), specifying a short-run closure
where factors (land, labor, and capital) are
fixed and cannot move across sectors; produc-
tion elasticities have been reduced to near
zero (so there is little substitution possibility
across inputs in production); and the Arming-
ton elasticity governing trade is reduced by
half—following Gallaway, McDaniel, and
Rivera (2003) who conducted a study and
found that the long-run elasticity is in general,
more than two times that of the short-run.
The latest GTAP database is set to 2014; to

provide a more relevant analysis, we update
the model to 2020 through a series of shocks
(see online supplementary appendix). We
keep most of the agricultural sectors disaggre-
gated except aggregating paddy and processed
rice, raw and processed sugar, and raw and
processed milk products, given that there is
very little trade of the raw products. Non-
agriculture is aggregated into six broad
categories—based mainly on the inputs used
in their cost of production (see online
supplementary appendix).
Model Inputs: Agriculture.
One of the most sought-after pieces of infor-

mation regarding COVID-19 using any sort of
economic model is the change to GDP. A
major focus of this work is to provide an esti-
mate for this important macroeconomic fac-
tor, detailing the share of the impact from
agriculture. To do so, we introduce actual
changes that occurred in 2020 to agricultural
production, trade, and the reduction in FAFH
expenditures in tandem with a similar suite of
shocks for all other sectors. These model

iiWe acknowledge that policy shocks from trade actions may
have impacted production and include those policy responses in
our update of the database we employ, as described in the online
supplementary appendix.
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inputs are usually endogenous in a CGE
model, by directly specifying them we are tak-
ing away our ability to solve for changes in
these variables—the trade off is that we will
have an estimate of GDP that is based on
actual changes observed in the economy. This
will provide evidence of the impacts from
COVID-19 that are attributable to agriculture.
Production: WASDE
One of the difficulties with examining

impacts on individual agricultural commodi-
ties is that timely data are difficult to gather.
The Food and Agricultural Organization
(FAO) is a principal source of information on
agricultural production across countries, but
those data often have a two-year lag. How-
ever, WASDE provide current USDA
estimates of U.S. and world supply-use bal-
ances of major grains, soybeans, soybean
products, and cotton; and U.S. supply and
use of sugar and livestock products. Data from
January 2019–December 2020 were used to
calculate yearly averages for production to
determine the percentage change in 2020 com-
pared to 2019. We map WASDE data to
GTAP sectors and regions described in the
online supplementary appendix to observe
our production shocks that arose due to the
COVID-19 pandemic. This provides the esti-
mates for the shocks to agricultural production
in our model.iii

The production changes from WASDE are
presented in table 1. Note that commodity
coverage for WASDE is limited to primary
agriculture for countries other than the U.S.,
thus we supplement the WASDE data for
meats, dairy, and sugar with alternative
sources for other countries (FAS PS&D).iv

The first thing to note in table 1 is that the
global average of production for many agricul-
tural commodities increased during the pan-
demic, relative to last year. In fact, all

commodities have an increase in global pro-
duction, except for cotton—which has been
impacted by a reduction in clothing bought
globally from various shutdowns (e.g., malls
and other clothing outlets) and from working
from home. It was noted in April 2020
(USDA 2020) that annual agricultural produc-
tion was expected to be very good in the U.S.,
and according to the WASDE estimates, that
outlook played out in crop production;
although the U.S. had a decrease in cotton
production, as well as sugar and wheat.

Many other regions had an increase in agri-
cultural production. For beef, most regions
had an increase in production (although major
producers, Argentina, Australia, and Europe
had a decrease). India (the world’s second
largest exporter) had an increase of 8.2%,
which helped lead to the overall global
increase (as did the increase in Brazil produc-
tion).v We acknowledge meat processing dis-
ruptions that occurred in the second quarter
of 2020 (making many headlines in the U.S.),
but it seems like meat production was able to
overcome these short-run difficulties. Produc-
tion data for other meat (pork and poultry)
show increases in all regions. Even though
China had a decrease in pork production due
to the impact of African Swine Fever (ASF)
on pork production, the increase in their poul-
try production outweighed the loss in pork
production. Note that there were global
increases in corn, coarse grains, and oilseed
meal and oil production, as these products
are used in large quantities as feed for meat
production. Dairy and dairy products had an
increase in production across all regions.

The one sector on which timely data on pro-
duction are very difficult to obtain is fruits and
vegetables. FASGAINhas a handful of reports
that cover a few products (e.g., stone fruit), but
data are scarce. The USDA Agricultural Mar-
keting Service (AMS) does publish information
on fresh fruit and vegetable production by
product type for the U.S. We construct infor-
mation on changes that occurred in 2020 and
estimate a 27% reduction for the U.S. How-
ever, given that we only have this single data
point (and it is very large), and Çakır, Li, and
Yang (2020) note that despite disruptions, the
U.S. produce industry remains intact, we do
not introduce this shock in our model. Further

iiiGiven that our primary objective is to determine the portion of
economy-wide changes coming from agriculture, we introduce the
WASDE (and other data sources) production changes directly
into the model. Production is normally endogenous, but we swap
production with taxes/subsidies in the model and directly shock
production. To reach the given change in production, taxes/subsi-
dies will change (i.e., a decrease in production will lead to an
increase in taxes, i.e., this raises the price of the product—
mimicking essentially what happened with COVID-19 with higher
costs of operating, in some cases with businesses shut down and/or
implementing capacity restrictions). The revenues generated by
this tax/subsidy are rebated back to households (as is done in
Maliszewska, Mattoo, and van der Mensbrugghe 2020) to provide
some of the fiscal response as detailed in that section.

ivEven with this extra data, we are missing information on pro-
cessed food and beverages and tobacco. These are somewhat
accounted for in the food away from home category.

vVarshney et al. 2021 note that India’s agricultural sector per-
formed remarkably well despite overall declines in GDP resulting
from COVID-19.
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work is warranted to gather information for
global fruits and vegetables sectors.

International Trade

WASDE also has information on trade for
crops, but given that we want to consider trade
in other agricultural products, we turn to data
from Trade Data Monitor (TDM). TDM col-
lects monthly import and export statistics from
customs agencies, statistics institutes and other
sources in more than 110 countries. As such, it
is well placed to provide us the most up-to-
date information on changes in trade for
2020. Accordingly, we calculate the change in
global trade by commodity and use that for
our analysis.vi

Figure 1 presents information on the
changes to agricultural trade in 2020 relative
to 2019. Overall, agricultural trade increased
by 2.3%, although there was a decline in the
agricultural sector most traded (processed

food). There are other commodities that had
decreases in trade relative to last year, includ-
ing live animals (cattle and other animal prod-
ucts)—but those are traded in small numbers,
plant-based fibers due to the lack of demand
for clothing production, and beverages and
tobacco from the reduction in demand for
FAFH. The commodity that had the largest
increase in trade is coarse grains, although it
is also traded in small numbers. In terms of
those traded in relatively large amounts (more
than $20 billion a year), sugar had a large
increase (a result of a large increase in exports
from the two largest exporters: Brazil and
India), as did oilseeds, wheat, and other meats.
Other meats (in particular, pork) is one com-
modity where forces outside of COVID-19
could have impacted trade markets, as ASF
impacted China’s production (and imports),
in addition to the Phase 1 trade deal with the
United States. If we remove China’s increased
imports in this sector, other meat trade
decreased by −8.2% in the rest of the world.
Thus, we acknowledge that there could have
been other issues besides COVID-19 impact-
ing agricultural markets but note that they
are difficult to disentangle.

Food Away from Home

One of the hardest hit sectors of the economy
from COVID-19 has been restaurants, as

Figure 1. Changes in the value of agricultural trade for 2020 compared to 2019

Note: This figure illustrates the percentage change in trade across regions in 2020 compared to 2019. The values are imposed as exogenous shocks in the
CGE model to simulate changes in region-specific trade flows. Source: TDM (2020)

viSimilar to production, trade is normally endogenous in the
model. We directly impose the trade changes that occurred in
2020 in the model by letting the tax on imports adjust. As such,
an increase in imports will mimic a reduction in trade costs, and a
decrease in imports will mimic an increase in trade costs. An alter-
native approach, changing the trade costs of goods has been used
by Maliszewska, Mattoo, and van der Mensbrugghe (2020); how-
ever, they must make assumptions on how much these costs might
have changed. Our approach here actually provides an estimate of
how much trade costs have changed (based on the changes in
trade), which are available upon request from the authors.

1600 October 2021 Amer. J. Agr. Econ.



many of the stay-at-home orders resulted in
the closures or partial closures of restaurants.
This sector is very important in certain coun-
tries. For example, in the U.S., FAFH spend-
ing surpassed spending for food at home
(FAH) beginning in 2010, comprising 52% of
all food expenditures in 2019 (ERS 2020a).
Although the impacts from COVID-19 are
still ongoing, there is evidence that the pan-
demic led to a dramatic reduction in FAFH
expenditures. Data fromERS (2020a) indicate
that expenditures at food services and drink-
ing places in the U.S. declined by 21% from
January to October 2020, compared to the
same period in 2019. Figure 2 indicates very
large shocks to almost every region globally.
Other regions with large FAFH sectors,
China and Europe, also had decreases of close
to 20% or more. The largest decreases that
occurred were in Argentina and India at
almost 40% or more.

The GTAP database does not have an
explicit FAFH category. To construct one
for this work, we examine the share of agri-
cultural expenses in total sector-specific
costs (see online supplementary appendix).
The FAFH shock is introduced by swapping
consumer demand with the tax paid for
FAFH purchases in the structure of the
model. Thus, the model will force the reduc-
tion in actual FAFH expenditures by

increasing the costs that consumers pay for
these purchases. This could mimic the high
costs of operating that many FAFH would
have had to charge consumers to stay in
business.
Model Inputs: Rest of the Economy.
To properly consider the portion of GDP

changes from COVID-19 attributable to
agriculture, we also must consider changes
for the rest of the economy. For consistency,
we consider the same inputs for the rest of
the economy as we do for agriculture. For
production, the changes for nonagricultural
sectors are all negative and tend to be larger
than the changes for agriculture (table 2).
The hardest hit regions were India and the
Central/South American regions. India had
a decrease in total nonagricultural produc-
tion of 17.4%, Argentina had a 15.8%
decrease; and Central America and Carib-
bean, and Mexico, both had decreases
greater than 10%. Reasons for the decrease
in nonagricultural production relative to
agricultural production could be: agriculture
produces goods which are a necessity for
life—if an individual loses income, they will
still need to purchase food, whereas they
might cut spending on non-essential goods.
Second, agricultural production is often long
planned out, with farmers making planting
decisions several months ahead.

Figure 2. Expenditures for food away from home in 2020 compared to 2019

Note: This figure illustrates the percentage change in food away from home expenditures across regions in 2020 compared to 2019. The values are imposed as
exogenous shocks in the CGE model to account for region-specific changes in food away from home spending. There are no data available for the Central
America & Caribbean region, as such we use an average of Latin America countries. Source: Euromonitor (2021)
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Table 2 indicates that China had the smal-
lest decreases in nonagricultural production,
a point that has been made in the popular
media with China having recovered from the
pandemic the quickest. For trade, again, non-
agriculture had large decreases, with all but a
handful of regions having at least double-digit
decreases. India again had the largest decrease
across all regions, which is likely attributable
to their decrease in production. The Middle
East and North Africa had the smallest
decrease in trade followed by China, again
among those with the smallest decrease.

In addition to including information on non-
agricultural production and trade, we also
include information on unemployment and
productivity to capture the impacts of
COVID-19 on the entire economy for the
supply side. Table 2 indicates that unemploy-
ment increased for every region, although
there are clearly differences across regions.
India and China had the smallest increase
(an interesting observation because they are
on opposite ends of the spectrum regarding
nonagricultural production changes). The
largest increases in unemployment were in
Sub-Saharan Africa and the United States.
The United States started from a small rate
of unemployment (4% at the beginning of
2020), but Sub-Saharan Africa is known for
high rates of unemployment, so COVID-19
could have brought additional adverse
impacts. Note that the simple average across
the world was a 2.5% increase, similar to the
3% assumption made by Maliszewska, Mat-
too, and van der Mensbrugghe (2020)—which
they state could be a conservative estimate.
One piece of information not used in the
Maliszewska, Mattoo, and van der Mens-
brugghe (2020) work is productivity. This is
despite research (Bloom et al. 2020) showing
that productivity has been affected by
COVID-19—as more workers work from
home, there are in general less workers (due
to unemployment), but less workers might
have to do more work (to make up for the lack
of workers). To capture this change, we also
collect data on labor productivity, shown in
the last column of table 2. The data indicate
that eleven of the sixteen regions had a
decrease in productivity, but major economies
such as the United States and China had
increases. For the U.S., although they had
one of the highest increases in the unemploy-
ment rate, they had a 2.6% increase in produc-
tivity, which should mitigate some of the
effects from unemployment. On the other

hand, India had a small increase in their unem-
ployment rate, but they had the largest
decrease in productivity.
The final piece to measure the economy-

wide impacts is the fiscal response to
COVID-19 from countries that have provided
income payments and in-kind transfers. This
idea was included in the ADB (2020) analysis,
but they provide no information on their data
sources. Interestingly, Gruère and
Brooks (2020) analyze some of the fiscal
response up until April of 2020 and conclude
that 10.5% of the measures had potentially
negative impacts on markets, trade, or the
environment. Using the IMF (2021) database,
“Policy Responses to COVID-19,” we collect
information on fiscal response by country,
which shows a wide range of fiscal responses
(figure 3). Countries highlighted include those
who had the largest share of GDP used for
their fiscal stimulus, or those who have high
GDP, but relatively low share of GDP used
for fiscal stimulus. As mentioned before,
ADB (2020) also include a fiscal response
measure; however, we do not agree with how
it was modeled. That is, the authors state,
“We take all fiscal stimulus numbers and
equally divide them as subsidies for consump-
tion and those for labor (inputs to produc-
tion).” This approach was likely taken
because their analysis does not have the other
modeling aspects that we include, namely
FAFH, production, trade, and unemployment.
The ADB approach is also faulty because
returns to households do not directly increase
private consumption, rather all regional
income is split using a fixed consumption share
for private consumption. The proper approach
would be to directly shock government expen-
diture in the model, as this more accurately
represents the purpose of the fiscal stimulus.

Results

The main result we focus on is the estimated
change in GDP while considering the contri-
bution of agriculture to the overall change in
GDP. First, for comparisons, we note some
of the changes that have been estimated in
the literature and compare those to actual
changes that occurred in 2020. The first col-
umn of table 3 indicates large decreases in
actual GDP for many of the regions in the
model, including double-digit declines for
Argentina, Mexico, and India. U.S. GDP

BECKMAN and COUNTRYMAN The Economic Impacts from Agriculture due to COVID-19 1603



decreased by 4%, whereas Europe had a 9.3%
decline. These declines helped lead to the
overall global decline of 5%. However, actual
GDP indicates that China had an increase of
1.7% for 2020. China had a large decrease in
GDP for the first quarter of 2020; however,
an increase in the other three quarters led to
their overall increase. The literature estimates
for COVID-19 induced changes in GDP are in
the next six columns of table 3 and are
arranged in terms of ascending chronological
order. As the results in table 3 indicate, the
estimated changes in GDP decline grew over
time as the pandemic continued, and there
has been a more informed understanding of
potential impacts. In particular, the estimates
fromMaliszewska,Mattoo, and van derMens-
brugghe (2020) are similar across regions, and
are quite small, as is the lower range of the
estimates from McKibbin and Fer-
nando (2020). The first three of these columns
represent estimates from CGE models, and
the estimates from ADB (2020) have larger
simulated impacts than the other two studies,
as this research was completed months after
the other two. However, that work overesti-
mated the actual change in global GDP.
The next three columns represent forecasts

from various organizations (all studies were
released in June), and they generally show
larger declines than the McKibbin and Fer-
nando (2020) and Maliszewska, Mattoo, and

van der Mensbrugghe (2020) papers. In terms
of how accurate the forecasts came to actual
GDP changes, note that two of the three orga-
nizations estimated an increase in GDP for
China—and this is what happened. In addi-
tion, those two organizations (IMF andWorld
Bank) got very close to estimating the actual
change in global GDP. They do, however,
overestimate the decline in U.S. GDP by 2%
to 4%. Estimates from the third organization
(OECD) tended to overestimate the GDP
impact, as they estimate a range of the global
GDP change from −7.6% to −6.0%.

The results from our work are presented in
the last two columns of table 3, with results
separated into GDP changes resulting from
shocks to only agriculture and the combined
shock that includes all sectors in the economy
(table 3). The GDP changes for the entire
economy are three to sixteen times higher
than those just for agriculture. The U.S. has
the smallest difference between the two and
is the region with the second smallest esti-
mated GDP decline but a relatively large
decrease in the share of the GDP change from
the agriculture shocks. To lend some insight
into why this occurs, we consider the agricul-
ture shocks independently (table 4). First,
notice that the production and trade shocks
lead to small impacts on global GDP—the
impact from agricultural production is actually
slightly positive, due to the previously

Figure 3. Fiscal response by country, share of GDP used for fiscal stimulus

Note: This figure illustrates fiscal stimulus across regions in 2020 in response to COVID-19. The values are used as exogenous shocks in the CGE model to
simulate region-specific government spending in 2020. Source: IMF (2020)
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reported gains in agricultural production.
There are GDP changes greater than one
quarter of a percent for some countries from
the agricultural production shocks. Brazil has
an increase due to the production gains they
experienced for most commodities; India has
an increase in production in sugar, which
increased their GDP. Changes in GDP from
agricultural trade are small across all regions;
globally, there is only a small change in GDP
from the trade shocks. For both production
and trade, the U.S. has small changes in
GDP, that is, production and trade are not
the reason GDP decreases.
Rather, the impacts on U.S. GDP (and most

other region GDP) from agriculture come from
shocks toFAFH.TheU.S. has the largest expen-
ditures on FAFH of all regions and one of the
largest declines in FAFH; hence, the share of
GDP from agriculture is larger than the global
average. Other regions have a higher reduction
in GDP from the FAFH shock (e.g., Argen-
tina—recall that they had the largest decrease in
FAFH expenditures, along with Mexico and
India). Those that have the smallest estimated
change in GDP are those that tended to have
thesmallestactualdeclineinFAFHexpenditures
(Australia, OtherAsia, and Japan), as expected.

Are these results plausible? The production
and trade shocks are relatively small, andmost
regions had an increase in either or both pro-
duction and trade. Thus, we would not expect
large macro-economic changes resulting from
production and trade alone. For FAFH,
Lew (2020) notes that more than 4% of GDP
is attributable to the restaurant industry in
the U.S. Given that there is a 21% reduction
in demand for this sector, a back-of-the-
envelope (BOTE) calculation would lead to
the expectation of a 0.84% decrease in GDP.
The model simulates a change in GDP from
the FAFH shock alone at 1.2% for the
U.S. Although this is a larger estimate than
the BOTE calculation, the CGE model
accounts for interactions between sectors and
agents. Furthermore, an argument can be
made that many small businesses have been
impacted by the decline in restaurant
demand—potentially putting the actual
decline in GDP attributable to food and agri-
culture at more than 1%.vii One point to be
made regarding the FAFH shock is that the
changes in GDP likely have more to do with
lost income from labor and restaurant receipts
more than it does for actual impacts on agricul-
tural producers thus far. The decrease in
FAFH does have inter-industry impacts for
the demand for agricultural products, but they
tend to be small (production tends to decrease
less than 1%, if this scenario is conducted inde-
pendently). As noted in Richards (2020),
although FAFH makes up half of food expen-
ditures, the higher mark-ups relative to those
in grocery stores mean that approximately
one-third of food shipments are destined for
FAFH. As noted in ERS (2020a), expendi-
tures for food at home have increased, basi-
cally to balance out the loss in FAFH
expenditures. Hence, part of the reason for
the small change to primary agricultural pro-
duction thus far.

Back to the model estimates for economy-
wide GDP. We note that the model does rea-
sonably well in estimating GDP compared to
actual GDP changes. The model is not able
to replicate differences by regions, as is the
case for all the literature estimates. On aver-
age the model tends to slightly overestimate
GDP, the case for ten of the sixteen regions,
but there are underestimates for China,

Table 4. GDP Changes by Agriculture
Shocks (Percent Change)

Region Production Trade FAFH

Argentina -0.2 0.1 -3.9
Australia 0.1 0.0 -0.4
Brazil 1.3 0.2 -0.4
Canada 0.0 0.1 -1.8
Central America
& Caribbean

0.0 -0.1 -2.1

Sub-Saharan
Africa

0.1 0.0 -0.4

China 0.2 -0.1 -0.2
Europe 0.0 0.0 -1.2
Former Soviet
Union

-0.3 0.0 -2.1

India 0.3 0.0 -1.4
Japan 0.0 -0.1 -1.1
Middle East &
North Africa

-0.3 -0.2 -1.6

Mexico 0.2 -0.2 -2.4
Other Asia -0.2 0.0 -0.8
Rest of Southern
Hemisphere

0.0 0.0 -1.3

USA 0.0 0.0 -1.2
Global 0.1 0.0 -0.9

Source: Authors’ simulation.
Note: The table shows the contribution to the total region-specific GDP
change attributable to exogenous shocks from agricultural production, trade,
and changes in food away from home expenditures.

viiAmel et al. (2020) notes that 76%of restaurants in theU.S. are
independent, and these restaurants have closed at a higher rate
than those owned by corporations.
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Europe, and the U.S., the biggest economies in
the world. The model does estimate an increase
in China’s GDP, the only CGE model to do so
compared to those represented in table 3, likely
a result of our inclusion of productivity.

Potential Implications for Agriculture

Given the short-run assumptions in our CGE
model, the timeframe for the analysis basically
considers changes for 2020 alone. But 2020
had numerous unexpected shocks and con-
tinues to evolve as the COVID-19 virus con-
tinues to spread around the globe into 2021.
For example, data indicate that farmers
intended to plant 97 million acres of corn in
the U.S. in 2020, up 8% from 2019, which
would have been the highest corn acreage
since the ethanol boom of 2012. However,
demand factors, such as a reduction in the
demand for ethanol (from less gasoline
demand), led to the lowest USDA forecasted
end-of-season price in fourteen years. As
such, actual corn acreage planted was 92 mil-
lion acres, the largest difference between
expected and actual plantings in forty years
(Abbott 2020). But, this is still larger than
2019 plantings, and stocks are already at rela-
tively high levels. Despite the decrease in
actual acreage from expected plantings, yields
are expected to be the highest in history

according to WASDE, thus production is
expected to still be high. Production beyond
what can be used could lead to further
increased stocks and lower prices in the future.
However, agricultural production is uncertain
and vulnerable to changes in weather and
other biophysical and economic shocks. For
example, the derecho storm in Iowa caused
an estimated $3.77 billion in damages to agri-
cultural production in the state that is indepen-
dent from COVID-19 impacts. Although
additional data can be gathered to understand
the annual impacts on food and agriculture
resulting from COVID-19, and estimate the
impacts of agricultural shocks on GDP, it will
become increasingly difficult to isolate impacts
from the pandemic given other shocks to pro-
duction that may occur in the future.
In terms of other agricultural sectors, Lusk,

Tonsor, and Schulz (2020) note that the
U.S. meat processing industry entered 2020
projected to produce record large volumes of
meat, based on strong domestic and global
demand. But COVID-19 caused various
supply-chain disruptions. First the loss of
FAFH expenditures, which usually involves
higher value product; then supply-chain bot-
tlenecks, occurring because some meat pro-
cessing plants shut down, preventing animals
awaiting slaughter from being processed.
However, data from WASDE indicate that
the impacts for the year forU.S. beef production
were small overall. For hog/pork production, it

Figure 4. Change in actual 2020 monthly commodity prices (percent change)

Note: This figure illustrates observedmonthly percent changes in prices of agricultural commodities in 2020. Source: Prices for agricultural commodities are from
USDA National Agricultural Statistics Service (NASS) (2020), and the food price is from U.S. Bureau of Labor Statistics (BLS) (2020).
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has been noted (Freese 2020) that some of the
long-term impacts from COVID-19 are the risk
of hog producers going out of business; further
consolidation in hog production; and fewer pigs
available. It is interesting to note that prices
received by agricultural producers for hogs had
decreased earlier in 2020 (up to 13.6%), but
prices recovered for the year (figure 4).
Figure 4 presents some interesting informa-

tion regarding the impact of COVID-19 on
agricultural markets in 2020. The price U.S.
consumers paid for food increased by 3.9%
in 2020. ERS (2020a) expects food prices to
increase by 2%–3% for 2021; although this
ranges from a decrease in consumer beef
prices of −2.5% to −1.5% to an increase in
their other foods category of 3% to 4%. As
noted in ERS (2020a), beef and veal prices
had the highest consumer price increase of all
commodities this year; but cattle producers
had a 12.3% decrease in the price they receive.
Although producer and consumer prices tend
to move in unison, the supply-chain bottleneck
caused by COVID-19 has likely caused a
divergence.
We note that the price farmers received in

the U.S. increased for all other commodities
except for cattle and broilers (figure 4), and
investigate the impact that COVID-19 has
had on farm income. In February 2020,
ERS (2020b) forecasted an increase in farm
income of $3.1 billion; however, as the year
developed (and agricultural production
remained resilient), ERS (2020b) estimates
farm income for 2020 to be $119.6 billion. If
this is the case, net farm income in 2020 in
inflation-adjusted terms would be at its high-
est level since 2013, 32% above its 2000–19
average of $90.6 billion. Note that $46.5 bil-
lion of the $119.6 billion is attributable to
government payments, that is, the fiscal
response to COVID-19 and trade actions
through the market facilitation programs.
Such information on other countries is not
as readily available, but future work could
examine the impacts of COVID-19 on global
farm income.
Finally, the last piece to mention with regard

to current and future changes that could impact
the agricultural sector is the labor situation. As
pointed out in Charlton and Kostandini (2020),
more thanhalf of the employees in dairy produc-
tion are immigrants, and seasonal immigrant
labor is essential for agricultural production
across commodities. COVID-19 has led tomany
regions closing their borders, which could lead

to labor shortages across both agricultural and
nonagricultural sectors.

Conclusions

Much of the attention fromCOVID-19 has been
on the impacts on tourism and other service sec-
tors; but there has been a growing interest in
issues pertaining to agriculture, including the
decline in food away fromhome (FAFH) expen-
ditures and effects on agricultural production
including the closures of meat processing plants
in the secondquarter of 2020.Onearea featuring
awealthofanalysisonCOVID-19 is thepotential
impacts on macro-economic factors such as
unemployment and GDP. Our work combines
the two topics, filling a gap in the literature that
has not been addressed: impacts on agriculture
in economic analysis ofCOVID-19.Weconsider
changes in production and trade, and changes in
FAFH expenditures, unemployment, and fiscal
responses that have occurred as a result of
COVID-19. We gather data on actual changes
to thesecomponents thenuseasimulationmodel
to estimate the impact of these shocks on GDP.
As such, we provide insight to the impact on the
entire economy caused by changes in food and
agricultural markets.

Our results indicate that formany regions, the
impacts from agriculture play a large role in the
economy-wide changes fromCOVID-19. This is
particularly the case for those that have large
expendituresonFAFH.Theregionwith the larg-
est decrease in GDP from agriculture in our
results is the U.S. Although the production and
trade shocks had little impact on GDP, the com-
bined effects of all shocks lead to a reduction in
GDP for theU.S. attributable to agriculture that
is greater than the 5.4% share of agriculture in
the national economy. An argument could be
made,however,whetherFAFH,couldbeconsid-
eredas“agricultural” in thevein thatmostpeople
think; however, this sector has a large share of
their costs dedicated toward purchasing primary
agricultural products and is a key source for food
consumption. It shouldbenoted that the changes
toprimary agricultural products and certain food
processing sectors (dairy andmeats) could influ-
ence agricultural markets for the next few years
given the lags in production cycles attributable
toagriculture.Thiswouldbeparticularly thecase
if supply chains are not able to evolve quickly,
although there is evidence of foodmanufactures
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shifting strategies to become nimbler and more
responsive to economic forces.

Finally, we note that the COVID-19 story is
constantly evolving, and although CGE
modeling is a useful method for analyzing
many of the changes from the pandemic, it is,
in the end, one of several tools available to
better understand shifting economic condi-
tions resulting from the COVID-19 pandemic.
Ultimately, parsing out the effects by different
factors is difficult both in the modeling and in
the real world. It could be some years before
we can definitively isolate the effects on the
economy by factor, for example the impacts
from production versus demand.
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