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RODUCTION AGRICULTURE
depends heavily on exogenous
environmental conditions,
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including weather. As such,
agriculture is acutely vulnerable to
the deleterious long-run effects of
climate change. Indeed, mounting
evidence suggests the likelihood of
large negative impacts. What can
be done about it? Actions to deal
with climate change can be thought
of as pursuing “mitigation” and/or
“adaptation”—mitigation is about
containing climate change by reducing
greenhouse gas emissions, whereas
adaptation blunts and counteracts
the damaging consequences of
climate change. Countries’ free-riding
incentives make global cooperation to
reduce emissions difficult, and thus

mitigation problematic. Adaptation,
by contrast, is less vulnerable to
opportunistic behavior because
investments in adaptation often have
local payoffs and substantial private
good aspects.
Technologies to foster agricultural
climate change adaptation may
include new crop varieties with
traits that enhance resistance to
pest, disease, and environmental
stress (e.g., heat tolerance and
drought resistance). Varieties with
shorter growing cycles and earlier
maturation, precision agriculture
technologies, and more efficient
water management and expanded
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irrigation are also expected to be
helpful. Ultimately, all this requires
major R&D investments, from both
the public and private sectors,
to support enhanced innovation
efforts in adaptation-enabling new
technologies.
What is the scope of such an R&D
challenge? To shed some light on
this question, we have studied the
impact of weather and technology
on US corn yields. Corn is the most
important field crop in the United
States, and one that has benefited
greatly from major technological
advances over the last few decades,
including the development and
widespread adoption of genetically
engineered (GE) varieties. The latter
constitutes the most prominent set
of agricultural innovations since the
green revolution, and were made
possible by large R&D investments
by agrochemical and seed companies.
GE traits have been shown to have
cost-reducing and yield-increasing
effects. Because the nature and scale
of the “GE revolution” in agriculture
are well understood, we propose
using the yield impact of GE traits
as a “yardstick” to gauge the scope
of the innovation task required for
adaptation to climate change.
By combining various data, we
first estimate the impact of weather
variables and technology on US
corn yields from 1981 to 2016. The
estimated yield model, along with
weather projections from mainstream
global climate change models, permits
us to forecast expected yields at midcentury and end-of-century, and thus
characterize the implied “yield gaps”
due to anticipated climate change.
We can then compare such yield gaps
with the size of the one-time yield
gains due to first-generation GE traits
in corn production.
Figure 1 illustrates results for
one mainstream climate model
2 / Agricultural Policy Review

Figure 1. Forecasted yields under climate change (HadGEM2-ES, RCP4.5).
(HadGEM2-ES) and one warming
scenario (RCP4.5)—we actually have
results from twenty climate models
and two warming scenarios, which
paint a more nuanced picture, but
this figure will suffice to highlight the
main ideas. Average yield realizations
from 1981 to 2016 show considerable
variability due to changes in yearto-year weather conditions. Yet,
there is a clear upward trend in this
productivity metric, reflecting the
impact of continuing improvements
in technology. Specifically, our model
teases out the separate impact due
to (first-generation) GE traits from
the underlying productivity gains
attributable to all other sources. We
find that, by 2016, adoption of GE
traits is associated with yield gains
of about 16 bushels/acre (compare
points A and B in the figure). We
also find that the functionality of
GE traits matters—specifically, it
is the insect-resistance traits that
are responsible for observed maize
yield gains, while there appears to
be no evidence of yield benefit from

the adoption of herbicide tolerance
traits. The residual yield gain from
the underlying technical progress,
separate from the adoption of GE
traits, is estimated at about one
bushel per acre per year (average
across all US counties). Furthermore,
accounting for weather conditions
in the model is essential in order
to identify the role of technology
in maize production. We find that
yields are significantly positively
impacted by growing degree days, are
negatively impacted by excess heat,
and are sensitive to precipitation and
water stress.
The estimated model is then used
for counterfactual simulations to
determine the expected yield impacts
of anticipated climate change at
mid-century (2040–2059) and endof-century (2080–2099). This step
relies explicitly on the future weather
conditions projected by climate
models. In figure 1, the dashed blue
line illustrates expected future corn
yields assuming the continuation of

continued on page 14
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HE AFRICAN swine fever
(ASF) outbreak that started in
August 2018 wiped out 40% of
China’s sow inventory. China has been
making substantial efforts, including
subsidizing large hog producers and
encouraging industrialization and
modernization of hog production, to
rebuild and expand its pork production
(Xiong et al. 2020). While China’s
governmental inventory data as of
December 2020 show sow and hog
inventory were 92.1% and 93.1% of
their respective 2017 levels (MARAC
2021), recent record-high piglet,
sow, hog, and pork prices suggest
a large persistent supply shortage.
China’s record pork and live swine
imports in 2020 suggest that China’s
hog rebuilding might be fast but of
low genetic quality. Specifically, it

seems likely that the retention of
low-quality commercial generation
gilts helped rebuild the herd but set
back the national breeding system by
abandoning purebred grandparents
and parent generation propagation
(Dim Sums 2021).
Prices from the newly launched
live hog futures market in January
2021 show that traders expect high
prices into 2022. We predict that as of
January 2022, China’s hog inventory
will be 290 million head and monthly
hog slaughter will be 14.5 million head
based on estimated inventory-price
elasticities and the relative change in
live hog futures price for deliveries in
January 2022 ($1.92/pound) compared
to average hog prices in 2017 ($1.30/
pound). Our predictions are lower
than the average 350 million head hog

Figure 1. Monthly sow inventory, hog inventory and slaughter, 2016–2020.
Notes: Data are from China’s Ministry of Agriculture and Rural Affairs (MARAC 2021). Note that we calculate the hog and sow inventory in December 2020 using the officially reported recovery rate of 92.1%
and 93.1% of their respective 2017 levels. We base projected hog inventory and slaughter in September
2021, November 2021, and January 2022 (dashed box) on the estimated inventory price elasticity of
-0.49 for hog inventory, -0.62 for hog slaughter, futures prices as of February 10, 2021, with maturity
months of September 2021, November 2021, and January 2022. We use inventory and price data in 2017
as the prediction baseline. In 2017, average hog inventory was 350 million head, monthly average hog
slaughter was18 million head, and average hog price was $1.30/pound.

inventory and 18 million head monthly
hog slaughter in 2017, which indicates
a weak recovery of hog inventory and
slaughter into 2022.

Inventory and prices of hog, sow,
piglets, and pork
Figure 1 shows China’s officially
reported monthly sow and hog
inventory and hog slaughter from
January 2016 to December 2020.
Inventory began to recover at the end
of 2019, and the pace has accelerated,
especially in the second half of 2020. By
the end of 2020, reported sow and hog
inventory reached 92.1% (41.6 million
head) and 93.1% (407 million head)
of 2017 levels, respectively. Reported
monthly hog slaughter also rebounded
quickly in June 2020 and was close to
the pre-ASF level by 2020.
However, prices have not reflected
the inventory and slaughter recovery,
which makes market analysts question
the credibility of the progress reported
by the national inventory statistics. As
figure 2 shows, weekly piglet, sow, hog,
and pork prices have actually increased
since 2019, and both piglet and pork
prices are still much higher than the
pre-ASF levels. While both piglet and
pork prices showed a modest decline
at the end of 2020, both rebounded
quickly in early 2021, partially due to
the growing pork demand during the
Lunar New Year. The upward trending
prices indicate that hog slaughter is still
lagging behind consumption demand.
First-ever live hog futures
To create a transparent pricing system
and reduce hog price volatility, China
launched its live hog futures on the

continued on page 7
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I

N A recent publication, CARD
researchers and USDA economists
looked at the international
relationships between the United
States and its major export
competitors in beef (Chen et al.
2020). In that article, the researchers
examined beef because the 2004
bovine spongiform encephalopathy
(“mad cow disease”) event caused a
major disruption in US beef exports
and the United States’ competitive
position. The authors conclude that
even when exports return to predisruption levels, the disruption could
change the structure of the export
market. What the researchers found
was that it took much longer for the
United States’ competitive position
in beef to return to pre-disruption
levels.
In this article, we use the
techniques of that report, especially
the normalized revealed comparative
advantage (NRCA) index developed
by Yu et al. (2009), to examine trade
over the years 1980 to 2019 for not

only beef, but pork, corn, soybeans,
and wheat as well. The importance of
the NRCA is that it allows researchers
to measure something that is hard to
measure, namely, the competitiveness
of markets.
Competition is sometimes
difficult to see when only looking
at trade flows over time. The
NRCA allows us to see whether the
increasing total US export values
in these important commodities
masks any underlying slippage in a
measure of competitiveness called
“comparative advantage.” To say
that a country has a comparative
advantage in the production of a
good is not to say that they are the
best at producing that good. Rather,
comparative advantage means that
a country is better at producing that
good in terms of its opportunity
cost of producing something else
(see Balistreri 2019 for a more
detailed discussion.) Economists use
comparative advantage in trade as a
way of measuring how competitive

Figure 1. Beef export value (left) and NRCA (right), 1980–2019.
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a country is because it takes into
account other things that a nation,
and its rivals, could produce.
In the figures presented in this
article, there are two sets of graphs
for each commodity for the six main
exporters of that commodity (based
on 2019 export shares on the world
market). The graph on the left side of
each figure shows the export values
for the commodities in a traditional
fashion. The graph on the right side
of each figure presents the NRCA
measure of comparative advantage
or, competitiveness. An NRCA value
of zero means that a nation has
neither a comparative advantage
nor a comparative disadvantage. If
all nations are more or less around
zero, it means the market is very
competitive with no nation having
a distinct advantage. On the other
hand, negative values do indicate a
competitive disadvantage and positive
values indicate a nation’s competitive
advantage relative to its trading rivals.
NRCA comparisons allow us to say

a country with a higher NRCA has a
stronger competitive position for that
commodity. Trade data can be difficult
to measure especially in the case
of meats because the aggregations
used can differ among the various
reports. For consistency, we chose
to use data based upon total market
value measured in US dollars from the
United Nations’ Comtrade database
(DESA/UNSD 2021).1 Choosing to use
value instead of quantities makes the
ranking of national exports a function

of exchange rates. Further, for beef
and pork, our data do not include
exports of live animals. The nations
we rank as the top six, thus, may
differ from those reported in other
trade databases that look at quantity
of exports or include other data in
their commodity export aggregation
such as the USDA/FAS database.
Figures 1 and 2 present export
values and NRCA indices from the
top exporters of beef and pork, which
show steady growth in export values

since the 1980s. As of 2018, the
United States has become the leader
in export value in both beef and pork.
Nonetheless, the graphs on the right
side of figures 1 and 2 show the NRCA
indices converging, meaning that
while the United States was becoming
a major exporter, the markets
were also becoming much more
competitive. The United States is not
as competitive in either pork or beef
as it used to be, and in 2019, Spain

continued on page 9

Figure 2. Pork export value (left) and NRCA (right), 1980–2019.

Figure 3. Corn export value (left) and NRCA (right), 1980–2019.

1
The commodity classification codes used are: Beef (SITC Rev.1 0111); Corn (SITC Rev.1 0440); Pork (SITC Rev.1 0113); Soybeans (SITC Rev.1 2214); Wheat
(SITC Rev.1 0410). For detailed information on the data used, see: http://unstats.un.org/unsd/tradekb/Knowledgebase/What-is-UN-COMTRADE.
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T

HE US federal government has
not increased the minimum
wage since 2009. However,
since then, 29 states and the District
of Columbia have increased their
minimum wage above the federal
level. Many studies analyze the effect
of the minimum wage on employment
with mixed results. To the extent a
consensus exists, it is that the minimum
wage likely has small negative effects
on low-skill employment (Neumark
and Shirley 2021). Because prevailing
wages are lower in rural markets than
in urban markets, rural workers and
firms should face the largest positive
or negative impacts from a commonly
applied minimum wage. While Even
and MacPherson (2019) did find that
rural areas had a greater adverse effect
from the minimum wage, Godoy and
Rich (2020) and Winters (2020) find
that the lowest wage or least populated
areas had the least negative, or even
positive, employment effects from
minimum wage increases.
Less commonly studied is the effect
of minimum wages on firm profitability.
High minimum wages have to lower
firm profitability, and the effect should
be largest in low-wage industries such
as retail, hospitality/restaurant, and
entertainment. Past studies show that
minimum wages lower profit for the
most affected firms in a broad sample
of industries (Draca et al. 2011) and
lower rates of firm entry (Rohlin 2011;
Draca et al. 2011; Luca and Luca 2017).
We extend that analysis to compare
firm entry and exit between urban
and rural markets and find that the
minimum wage significantly decreases
establishment entry and increases the
exit of incumbents. A 10% increase
in real minimum wage reduces the
6 / Agricultural Policy Review

Table 1. Wage Distributions for Metropolitan and Nonmetropolitan Workers
for Select Occupations, 2019
10th

25th

50th

75th

90th

10.55
9.58

13.29
11.77

20.01
16.62

32.31
24.43

49.17
35.09

9.33
8.77

9.86
9.17

10.86
9.93

13.03
11.38

16.41
13.81

9.87
9.30

10.81
10.02

12.37
11.24

14.52
12.97

17.49
15.09

9.49
8.81

10.18
9.36

11.24
10.31

12.84
11.73

15.07
13.58

All occupations
Metropolitan
Nonmetropolitan
Restaurant (wait staff, fast food)
Metropolitan
Nonmetropolitan
Hospitality (desk clerks,
housekeeping)
Metropolitan
Nonmetropolitan
Retail (cashiers)
Metropolitan
Nonmetropolitan

Source: Authors’ computations of data from the US Bureau of Labor Statistics (BLS 2019).

urban establishment entry rate by
4.4% and raises the urban firm exit
rate by 3.1%. When we convert these
estimates into their market equivalents,
the combined effect of a 10% increase
in the minimum wage represents a
0.8% decrease in the number of urban
firms. The effects in rural markets are
of comparable size—a 6.9% decrease
in the firm entry rate represents a 1.4%
increase in the firm exit rate and a
0.8% decrease in the number of firms
overall. When we focus on markets on
either side of state borders to control
for the strength of the local market, we
find that the side of the border with
the higher minimum wage experiences
lower firm entry rates and higher firm
exit rates compared to its neighbor
across the border. A 10% increase in
the border minimum wage lowers
the number of urban firms by 0.6%
and lowers the number of rural firms
by 0.8%. We find similar effects in all
sectors analyzed.
Where the minimum wage bites
hardest

From a firm perspective, the cost
incurred from a minimum wage policy
depends on how much the mandated
minimum raises labor costs. For firms
that primarily hire salaried workers
or those with more than a high school
degree, the minimum wage would not
have much of an effect. However, firms
for whom a large fraction of workers
are low skill and paid hourly, the
minimum wage could have a substantial
effect.
We illustrate this in table 1, which
shows the distribution of wages in
metropolitan and nonmetropolitan
markets and for representative lowskill occupations. At the median,
metropolitan wages are 20% higher
than nonmetropolitan wages, meaning
that a common minimum wage will
affect a larger share of workers in
less populated markets. As a result, a
$15/hour minimum wage would raise
wages for 31% of hourly workers in
metropolitan markets and 42% of
hourly workers in nonmetropolitan
markets. The metro/nonmetro wage

continued on page 10

China's Hog Inventory Recovery
continued from page 3

Dalian Commodity Exchanges on
January 8, 2021. When contracts for
pig deliveries become available in
September 2021, November 2021, and
January 2022, China and the United
States will be the only two markets
to trade hog futures. Live hog futures
prices reflect informed traders’
expectations. The daily live hog futures
price through February 10, 2021,
shows a slight upward trend, indicating
that traders are not expecting lower
hog prices in the near future (see figure
3).
Figure 2 also includes hog futures
prices on February 10, 2021, for
contracts with maturity in September
2021, November 2021, and January
2022 (shown as dots on the right-hand
side). The futures price for January
2022 contracts have been relatively
stable at $2/pound, much higher
than the average 2017 price of $1.30/
pound, indicating futures traders
are not expecting hog prices to drop
significantly into 2022.
If we assume that the futures
prices are an accurate reflection of the
expected supply and demand situation
for each maturity month, we can
calculate how much recovery traders
expect. Using monthly hog prices from
January 2017 to December 2020, our
estimation yields a hog price elasticity
of -0.49 for hog inventory and -0.62
for hog slaughter. Using the average
hog inventory of 350 million head,
monthly average hog slaughter of 18
million head, and average hog price of
$1.30/pound in 2017 as the projection
baseline, we predict that traders expect
China’s hog inventory and monthly
slaughter will be 290 million and 14.5
million head, respectively, as of January

Figure 2. Weekly price of piglet, sow, live hog, and pork ($US/pound).
Notes: Based on data from China’s Ministry of Agriculture and Rural Affairs (MARAC 2021). The three
dots in the dashed box denote the live hog futures prices as of February 10, 2021, for futures with maturity dates in September 2021, November 2021, and January 2022.

Figure 3. Live hog futures prices ($US/pound).
Source: Dalian Commodity Exchange. Available at http://www.dce.com.cn/dalianshangpin/xqsj/tjsj26/
rtj/rxq/index.html.

2022, which is lower than the officially
reported 407 million and 20.6 million
head, respectively, as of December
2020. This suggests a much weaker
recovery of hog inventory and slaughter
into 2022.

1
In September 2019, China’s government subsidized hog producers with 500–900 hogs with 0.2 million
RMB, 1000–1999 hogs with 0.4 million RMB, 2000–2999 hogs with 0.6 million RMB, and 3000+ hogs
with 0.8 million RMB.

Multistory hog buildings
China has been using various policies
to rebuild and expand its hog
inventories, including subsidizing large
hog producers.1 In December 2019,
China’s Ministry of Natural Resources

continued on page 12
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VERY FEBRUARY, USDA
provides its big overall
snapshot for the agricultural
year ahead at its annual conference,
the Ag Outlook Forum. During the
forum, USDA brings together industry,
academic, and government experts to
discuss the major agricultural issues
of the day and examine the near-term
market outlook for agriculture. The
2021 forum reflected the ongoing
challenges with the COVID-19
pandemic as all of the sessions were
virtual and much of the discussion
hinged on the US agricultural sector’s
rebound from the physical and
economic impacts from the pandemic.
In general, the view for
agriculture in the year ahead is
positive. Most agricultural markets,
including the major markets for Iowa,
have recovered from the depths of
the price declines that struck during
the early days of the pandemic.

Furthermore, the outlook builds
upon that improvement, providing
projections of better agricultural
returns in 2021.
The livestock sector faced more
production and logistical challenges
due to the pandemic than the
crop sector. The shutdowns and
slowdowns at processing facilities
created significant problems for
livestock producers and formed
a backlog of animals needing to
be processed. However, as the
processing capacity came back online,
the backlog slowly diminished; and,
as USDA statistics show, the annual
totals for the livestock industry are
remarkably similar to previous years,
despite the pandemic.
Table 1 outlines some of the basic
numbers for cattle/beef. For the
cattle sector, producers had already
begun to reduce cattle herds in 2020,
before the pandemic. For 2021, that

Table 1. USDA Cattle/Beef Statistics

Cattle and calves,
Jan. 1
Cattle on feed
Beef production
Beef exports
Beef imports
5-Area steer price

(mil.
head)
(mil.
head)
(bil. lbs.)
(bil. lbs.)
(bil. lbs.)
($/cwt.)

2019

2020

2021

94.8

93.8

93.6

14.4
27.2
3.0
3.1
116.78

14.7
27.1
2.9
3.4
108.71

14.7
27.5
3.1
3.0
115.00

Table 2. USDA Hog/Pork Statistics
Hogs and pigs, Dec. 1 (previous
year)
Pork production
Pork exports
Pork imports
National base 51%–52% lean live
hog price
8 / Agricultural Policy Review

(mil.
head)
(bil. lbs.)
(bil. lbs.)
(bil. lbs.)
($/cwt.)

2019

2020

2021

75.1
27.6
6.3
0.9

78.2
28.2
7.3
0.9

77.5
28.7
7.2
0.9

47.95

43.25

50.50

reduction in herd size continues, but
the pace of shrinkage is lessening.
Despite the processing problems
last year, 2020 beef production was
nearly equal to 2019 production.
Looking forward, USDA expects beef
production to increase, based on
an increase in total cattle slaughter.
The increase in production lines up
with a significant shift in beef trade
flows. During 2020, US beef exports
declined slightly, while imports
rose. For 2021, USDA foresees a
reversal, with exports growing by
roughly 200 million pounds, while
imports fall by roughly 400 million
pounds, making the United States a
net exporter in beef. The additional
exports help boost price expectations
for 2021, with the 5-Area Steer Price
increasing by over $6/hundredweight,
approaching the price levels from
2019.
While cattle producers have
contracted their herds over the
past couple of years, hog producers
entered 2020 still in expansion
mode. The 78.2 million head of hogs
on farm to start the year translated
to a record 28.2 billion pounds of
pork in 2020, despite the COVID-19
challenges (see table 2). The increase
in pork production did put pressure
on pork prices, as the national base
price dropped by more than $6/
hundredweight in 2020. However,
international sales for pork provided
a price rebound that USDA projects
will carry through 2021. For 2021,
USDA’s surveys showed a reduction
in the number of hogs to begin the
year, but the expectation that hog
inventories will increase during the
year. USDA projects pork production

continued on page 11

US Comparative Advantage
continued from page 5

became slightly more competitive
in pork while Australia and Brazil
became slightly more competitive
in the beef trade.2 The international
markets are very competitive in both
commodities.
Figures 3, 4, and 5 show corn,
soybean, and wheat export values and
NRCA indices. For decades, the United
States was the dominant supplier in

these crops, though it recently lost
the top spot in soybeans to Brazil, and
Brazil has nearly caught the United
States in corn exports. For wheat, the
United States had been the dominant
supplier until Russia’s very recent
emergence—they took over the top
spot around the same time that Brazil
rallied in corn and soybeans, namely,
during the time of the recent trade
disruptions. What about the United
States’ comparative advantage?

For corn, as industries in other
countries started to expand, the
trend in US comparative advantage
moved downward—not only Brazil,
but Argentina as well, surpassed the
United States in 2019 as measured
by the NRCA. We see an even greater
decline in US comparative advantage
in the soybean market—Brazil caught
up by the 2000s and currently has

continued on page 13

Figure 4. Soybean export value (left) and NRCA (right), 1980–2019.

Figure 5. Wheat export value (left) and NRCA (right), 1980–2019

2

Figure 1 shows how the mad cow disease outbreak in 2003 led to a sharp decline in US beef exports (red line).
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Minimum Wage and Firm Entry/Exit

Table 2. Elasticity of Minimum Wage on Firm Entry and Exit

continued from page 6
Rural

Urban

gap is around 10% in low-wage sectors,
and the change would affect a much
larger share of the workers. In retail,
hospitality, and restaurants almost
all rural workers would have wage
increases and the percentage increase
in rural firms’ wage bills would be
greater than for urban or metro firms,
which should translate into larger
reductions in firm entry and larger
increases in firm exits in the least
populated areas of the United States.
Estimated effects on firm entry and
exit
Our analysis examines how state
minimum wages correct for inflationaffected firm entry and exit by county,
while controlling for factors that affect
the strength of the local market and the
long-run average entry rate in the same
county and industry. Table 2 shows a
summary or our findings and presents
estimates as the implied effect of a 1%
minimum wage increase on the rate of
firm entry and exit and on the overall
number of firms. We present estimates
separately for urban and rural markets
for all firms, firms in select low-wage
sectors, and firms in adjacent counties
on either side of state borders. Unlike
results for employment effects of the
minimum wage, the findings are very
consistent—higher minimum wages
lower the number of firms opening and
increase the number of exiting firms.
As a result, the number of firms falls
as the minimum wage rises. Focusing
on the effects at state borders, the
decrease in firm numbers is slightly
larger in rural than in urban markets
and is particularly pronounced in
recreation and entertainment. The
impacts on retail and hospitality are
roughly comparable to the magnitude
of the adverse effects on firm entry and
exit across all sectors. It is interesting
10 / Agricultural Policy Review

Part A
Overall (16
industries)
Retail
Entertainment
Food service and
hospitality
Part B: Border
results
Overall (16
industries)
Retail
Entertainment
Food service and
hospitality

Net
entry

Entry

Exit

Net
entry

-0.436*** 0.307***

-0.079

-0.696***

0.144***

-0.079

-0.559*** 0.003
-0.863*** -0.131

-0.053
-0.099

-0.672***
-1.312***

-0.144*** -0.039
-0.245**
-0.118

-0.346*** 0.148*

-0.058

-0.495***

0.096**

Entry

Exit

-0.085

0.486***

-0.057

-0.584***

0.221***

-0.077

-0.197
-0.233

0.299**
0.262*

-0.044
-0.058

-0.533***
-1.103***

0.028
-0.190

-0.043
-0.103

-0.239*

0.227

-0.053

-0.374***

0.063

-0.053

Note: The elasticity of net entry is relative to the incumbents.

that the differences in adverse
outcomes from the minimum wage do
not differ more between urban and
rural markets, given that prevailing
wages are 20% higher in metro than
in nonmetro areas. Returning to table
1, the answer appears to be that
when we look at specific low-wage
occupations, the urban-rural wage gap
is much smaller than the gap in wages
overall. Consequently, the bite that
the minimum wage takes out of firm
profitability is only slightly bigger in
the rural than in the urban markets.
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will reach a record 28.7 billion
pounds this year and the surge in
exports from last year will mostly
hold in 2021 as well, with 7.2 billion
pounds of pork leaving the country.
In total, USDA’s projections
outline a good year for the livestock
industry, with both production and
prices increasing. A big key to that
outlook is the strength of export sales.
That storyline continues even as we
shift our focus from livestock to crops.
While the pandemic created some
havoc for meat production in 2020,
it was the combination of drought
and a derecho that impacted the
crop sector. For corn, the strength of
increased corn plantings gave 2020
the potential to be the first 15 billion
bushel crop. However, the drought
and derecho reduced yield potential
enough to bring corn production
below 14.2 billion bushels. Thus, the
2020 corn crop was larger than the
2019 crop, but by a much smaller
amount than originally projected.
The impact to crops mainly came
through biofuels, as the pandemic
reduced fuel and biofuel consumption
via stay-at-home orders to reduce
the spread of the virus (see table 3).
Given the timing of the pandemic,
that fuel usage decline in the spring
and summer of 2020 shows up in the
corn grind for ethanol for the 2019
crop. Total corn usage for the 2019
crop was lower than previous years
because of that drop, along with a
fall in exports. However, this past
fall, ethanol production partially
recovered and export sales surged
to a record pace. Thus, for the 2020
crop, USDA has projected a significant
increase in corn usage, with exports
leading the way. The growth in usage
reduces projected ending stocks and
the corn market has seen a sizable
improvement in prices, with the 2020

Table 3. USDA Corn Statistics

Marketing year (2020 = 9/1/20 to
8/31/21)
Area planted
(mil. acres)
Yield
(bu./acre)
Production
(mil. bu.)
Beg. stocks
(mil. bu.)
Imports
(mil. bu.)
Total supply
(mil. bu.)
Feed & residual
(mil. bu.)
Ethanol
(mil. bu.)
Food, seed, &
(mil. bu.)
other
Exports
(mil. bu.)
Total use
(mil. bu.)
Ending stocks
(mil. bu.)
Season-average
($/bu.)
price

2019

2020

2021

89.7
167.5
13,620
2,221
42
15,883
5,903
4,852

90.8
172
14,182
1,919
25
16,127
5,650
4,950

92
179.5
15,150
1,502
25
16,677
5,850
5,200

1,430

1,425

1,425

1,778
13,963
1,919

2,600
14,625
1,502

2,650
15,125
1,552

3.56

4.3

4.2

Table 4. USDA Soybean Statistics

Marketing year (2020 = 9/1/20 to
8/31/21)
Area planted
(mil. acres)
Yield
(bu./acre)
Production
(mil. bu.)
Beg. stocks
(mil. bu.)
Imports
(mil. bu.)
Total supply
(mil. bu.)
Crush
(mil. bu.)
Seed & residual
(mil. bu.)
Exports
(mil. bu.)
Total use
(mil. bu.)
Ending stocks
(mil. bu.)
Season-average
($/bu.)
price

season-average price estimate holding
at $4.30/bushel, nearly $.75 above
the 2019 estimate. For 2021, USDA
projects a 1.2 million acre increase
in corn plantings. That, combined
with a trend yield of 179.5 bushels/
acre, leads to a projection of corn
production above 15 billion bushels
once again. However, the growth
in expected production matches

2019

2020

2021

76.1
47.4
3,552
909
15
4,476
2,165
105
1,682
3,952
525

83.1
50.2
4,135
525
35
4,695
2,200
125
2,250
4,575
120

90
50.8
4,525
120
35
4,680
2,210
124
2,200
4,534
145

8.57

11.15

11.25

continued growth in usage fairly
well, as USDA sees higher feed and
residual usage, a larger ethanol grind,
and another record for exports. With
a small increase in projected ending
stocks, the 2021 season-average price
estimate remains nearly steady, at
$4.20/bushel.

continued on page 15
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China's Hog Inventory Recovery
continued from page 7

Figure 4. Distribution of planned multistory hog housing projects as of
2020.
Note: This map illustrates the distribution of multistory hog building projects across China’s provinces. A
triangle denotes a project. Data come from http://news.xinmunet.com/2020/1840.html.

Table 1. Selected Hog Building Projects in China’s Provinces as of 2020
Province

Number of
projects

Firms (Number of projects)

Guangdong

13

Wens Foodstuffs Group (6), Kingkey Smart (2),
Yangxiang (2), Yihao Foodstuff (1), Kingsino (1),
Haid Group (1)

Jiangsu

9

New Hope Group (1), Wens Foodstuffs Group (8)

Hainan

5

Luoniushan Group (5)

Anhui

4

Wens Foodstuffs Group (3), Lihua Animal (1)

Sichuan

4

New Hope Group (1), Muyuan Foods (1),
Tieqilishi Group (1), Litian (1)

Zhejiang

4

New Hope Group (1), Xingnongfa (1), Wens
Foodstuffs Group (2)

Shandong

3

Haida (1), New Hope Group (1), Muyuan Foods
(1)

Guangxi

2

Kingkey Smart (1), Zhengbang Group (1)

Fujian

2

Aonong Biological (2)

Hubei

2

Xiangda Nongmu (1), Zhongxin Kaiwei (1)

Hunan

2

Zhengbang Group (1), Wens Foodstuffs Group
(1)

Jiangxi

2

Wens Foodstuffs Group (2)

Tianjin

1

Wens Foodstuffs Group (1)

Shaanxi

1

Haid Group (1)

Yunnan

1

Zhengbang Group (1)

Henan

1

Muyuan Foods (1)

Note: This table presents an incomplete list of the hog building projects by large firms across China as of
2020. The third column presents the firms and the number of projects each firm has. Based on data from
online sources at http://news.xinmunet.com/2020/4730.html, http://news.xinmunet.com/2020/3723.
html.
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and Ministry of Agriculture and Rural
Affairs announced that farmers could
use multistory buildings for hog
production, and surging investment
in multistory hog buildings followed.
Guardian (2020) provides a good
example of a hog building.
Figure 4 shows the distribution of
hog building projects across China’s
provinces as of 2020. Table 1 lists the
distribution of these projects across
provinces. While leading hog firms are
planning more than 60 projects, most
of them are located in southern China,
especially in Guangdong, Sichuan, and
Zhejiang provinces (Xinmunet 2020).
Severe land restrictions in the south,
where population densities are higher
and industrial activities are more
concentrated, is one reason for this
geographical distribution pattern. The
60 planned projects have a production
capacity of 20.24 million hogs, and the
34 projects already under construction
have a capacity of 16.38 million hogs
(Xinmunet 2020). Thus, these projects
will expand hog production capacities
and accelerate China’s hog industry
consolidation and modernization.
China’s hog rebuilding has
important implications for affordable
pork consumption and feed grain and
meat exporters. While inventory data
show that hog and sow inventory has
reached more than 90% of pre-ASF
levels, high piglet, sow, hog, pork,
and live hog futures prices indicate
the reported recovery in inventory
and slaughter recovery may not have
translated into ample pork supplies.
High futures prices into January
2022 indicate that we will likely see
continued high pork prices and pork
import demand into 2022.
China has been adopting various
policies to expand hog production,

continued on page 14

US Comparative Advantage
continued from page 9

a comparative advantage over the
United States. Wheat shows a very
competitive market for all involved,
with Russia currently enjoying a slight
comparative advantage over its rivals.
You can also find these
comparative advantages
demonstrated in a new animation
tool on the CARD webpage at
https://www.card.iastate.edu/
tools/ag-exports/bubble/. With
this tool, you can choose any of the
five commodities and look at the
comparative advantage as measured
by the commodity export share
relative to a nation’s export share.
This method of presenting the NRCA
allows viewers to focus on changes in
both relative competitive position and
size of exports. Figure 6 is a screen
shot from the tool that shows the
relative competitive positions of the
world’s six major beef exporters in
2019. In the visualization, the larger
a nation’s circle the larger its export
value, the higher the circle the larger
its share of total beef exports, the
closer the circle to the diagonal line
the lower its comparative advantage.
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Corn Yields and Climate Change
continued from page 2

the underlying technical change and
no climate change—climate variables
here are set at the predicted averages
of the historical 1980–2005 period.
The red line, by contrast, illustrates
expected future yields conditional
on projected climate change. Note,
however, that we are still assuming
continuation of the underlying
technical change (approximately one
bushel per year, other things equal).
The impact of first-generation GE
traits is considered fully captured
by 2016—had GE varieties not been
developed and adopted, the yield
forecast would follow the bottom,
dashed gray line.
It is apparent that the model
predicts sizeable yield shortfalls due
to the projected weather changes.
Figure 1 illustrates that the “yield
gap” at mid-century, in this scenario,
is about 21 bushels/acre (distance
between A’ and C’), and this gap rises
to about 61 bushels/acre by the endof-century (distance between A” and
C”). Comparing such yield gaps with

China's Hog Inventory Recovery
continued from page 7

including subsidies and the approvals
for multistory hog barns. These
programs will ensure that Chinese pork
production will eventually recover.
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the model-estimated yield gains due
to GE varieties provides a useful
characterization of the innovationadaptation challenge posed by climate
change. As figure 1 illustrates, the
yield gap due to climate change at
mid-century is about 2.6 times the
entire yield gains made possible by
the adoption of GE varieties. By the
end of the century, this yield gap is
almost four times as large as the GE
yield bump.
The GE productivity gains that
our model captures relate to a clearly
defined set of innovations—socalled first generation GE varieties
embedding agronomic traits—that
were rapidly diffused (essentially to
full adoption) over a relatively short
and well-defined time period. Beyond
exemplifying a success story of
agricultural innovation, this provides
us with a useful yardstick. We know
what it took for the GE revolution—it
was made possible by propitious
scientific breakthroughs in basic
science and molecular genetics at
public institutions, and supported by
massive R&D investments by industry.
Similarly, successful adaptation
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of agriculture to climate change is
likely to require purposeful, directed
investments in R&D to develop
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change in agriculture.
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Many of the storylines that
affected corn also impacted soybeans.
However, soybeans have more
amplified trade effects. The 2020
soybean crop statistics reflect a
general recovery from planting
problems and trade disruptions
that hit the 2019 crop. As table
4 shows, soybean acreage and
production increased, but the
drought and derecho limited the
growth. International sales this past
fall provided a significant boost to
the soybean market. USDA expects
growth in exports to reduce 2020
ending stocks to 120 million bushels
and has raised the 2020 seasonaverage price estimate to $11.15/

bushel (a price level the market
hasn’t seen in several years). For
2021, USDA projects soybean area
will leap again, up to 90 million acres.
Given trend yields, that translates to
over 4.5 billion bushels of soybean
production. However, as with corn,
USDA expects soybean usage to match
production, as they project domestic
crush for livestock feed and biofuel
usage to rise once again. The export
segment declines slightly, but still
holds at 2.2 billion bushels. The 2021
season-average price estimate for
soybeans improves to $11.25/bushel.
The full set of projections reveals
a healthy market recovery for Iowa
agriculture. Even with projections
of record supplies across the board
(beef, pork, corn, and soy), USDA
expects agricultural prices to hold

roughly steady for crops and improve
for livestock. Strong international
demand supports that price strength.
The surge in export sales in 2020
has continued as the calendar turned
to 2021 and USDA projects it will
continue. While the pandemic did
slow down many parts of the US and
global economies, it did not hamper
agricultural trade and US agriculture
is enjoying the benefits of that.
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Other Recent CARD Publications
Willingness to Participate in Demand Response in the US Midwest:
A Market with Great Potential?
Abigail Morton, Yü Wang, and Wendong Zhang
Demand response uses smart
technologies to lower peak electricity
load by either shifting demand to
non-peak hours or directly shaving
peak demand. DR is a fast-growing
market in which commercial and
industrial customers are the primary
providers of resources; however, DR
helps heavy electrical consumers save
energy and avoid demand charges,
and it helps utilities save money
and deter investment on expensive
transmission and distribution lines.
DR also has great potential to balance
renewables by providing ramping and
flexibility services to the electricity

market. Morton, Wang, and Zhang
assesses the potential demand response
resources that utilities can harness
from residential customers using a
contingent valuation method survey
to discover residential customers’
willingness to accept three types of
demand response programs—air
conditioner cycling, smart thermostats,
and an automated real-time pricing
program. Data from valid survey
responses suggests that 50% of the
respondents are willing to enroll in
a demand response program. This
rate suggests great potential for
utilities to harness demand response

resources to curb residential peak
load in summer, Howerver, they find
respondents’ willingness to give a
utility control varies by time of the
day, day of the week, and type of
equipment/appliances. Data suggests
about 20% of residents are willing
to let utilities control their home
equipment and appliances anytime of
the day and an additional 3%–15%
of respondents are fine with utilities
controlling their appliances at different
times of the day. The full study results
are available at https://www.card.
iastate.edu/products/publications/
synopsis/?p=1320.
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Other Recent CARD Publications
Economic Impacts of Investment Facilitation
Edward J. Balistreri, Zoryana Olekseyuk
Balistreri and Olekseyuk quantify
the impacts of a potential Investment
Facilitation Agreement (IFA) given the
outcomes of the structured discussions.
Their analysis is based on an innovative
multi-region general equilibrium
simulation model including bilateral
representative firms with consideration
for Foreign Direct Investment (FDI)
and monopolistic competition. The

model shows empirically relevant gains
associated with removal of investment
barriers. The expected global welfare
gains range between 0.56% and 1.74%
depending on the depth of a potential
IFA. The benefits are concentrated
among the members with the highest
welfare increase for the low and
middle income countries. Notable
spillovers accrue to non-participants,

which can be increased by joining the
agreement. Our results contribute to the
relatively scarce research on investment
facilitation and provide policy makers
with information on the potential
effects of an IFA. The full study results
are available at https://www.card.
iastate.edu/products/publications/
synopsis/?p=1318.

Recent CARD News
Provost Recommends John Winters and Wendong Zhang for Promotion
The Iowa State University Provost has
recommended to President Wintersteen
the promotion of two CARD economists,
John Winters and Wendong Zhang.
Winters has been recommended for
promotion to Professor, and Zhang has
been recommended for promotion to
Associate Professor with tenure.
Winters joined Iowa State as an
Associate Professor in 2018 and Zhang
joined as an Assistant Professor in
2015.

Dr. Winters
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