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UTDOOR RECREATION in
natural resource venues, such as
state parks, lakes, and trails that
accommodate a variety of recreational
and wildlife-related pursuits, is
one of the most popular forms of
entertainment in the United States.
As such, it makes large contributions
to the nation’s economy. As a result,
residents’ recreational usage and how
they value water quality improvements
are of interest to policymakers and
researchers. In 2002, Iowa State’s
Center for Agricultural and Rural
Development (CARD), Department of
Economics, Department of Ecology,
Evolution, and Organismal Biology, and
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Limnology Laboratory worked together
to create the Iowa Lakes Valuation
Project to determine use and valuation
information for more than 100 in-state
lakes over a comparable time period
(figure 1).

lowa Lakes Valuation Project
The program collected the economic use
and valuation information for the study
via a survey of lowa households. The
lowa Department of Natural Resources
(DNR) and the US Environmental
Protection Agency jointly funded
previous surveys conducted in 2002,
2003, 2004, 2005, and 2009. Iowa
DNR solely funded the 2014 and 2019
surveys.

CARD developed a website portal
to summarize the two decades of

work (http://www.card.iastate.edu/
lakes/). The portal allows interested
recreational users and the general
public to easily access previous survey
questionnaires and project reports.
We also added an interactive section
to allow users to browse a summary of
popular on-site recreation activities,
recreationists’ travel patterns, and
economic impacts at individual lakes.

The 2019 lowa Lakes Survey

Using a sample of 2,062 lowa residents
and 411 residents from neighboring
states, the 2019 study provides a
critical update to the lowa Lakes
Valuation Project on the use of lowa’s
lakes and respondent attitudes toward
water quality measures and economic
development. The 2019 survey also
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includes a sample of bordering state
residents to better understand their
usage of lowa lakes and the value they
place on water quality. Figure 1 shows
the selected lowa lakes and top-10 most
visited lakes in 2019 lowa Lakes Survey.
The top-10 most visited lakes in 2019
were Clear Lake, Saylorville Reservoir,
Ada Hayden Lake, Coralville Lake, Lake
Macbride, Grays Lake, Big Creek Lake,
Red Rock Lake, George Wyth Lake, and
Lost Grove Lake, respectively.

Recreational activities in lowa lakes
Figure 2 shows that, similar to
historical survey years, in 2019, lowa
respondents said they visit lowa lakes
for picnicking (39%), fishing/boating
(31%), and nature/wildlife watching
(29%) over the summer season. Of all
activities that respondents undertook at
all lakes, about 23% were boating and
about 27% were trail use. In addition,
over 70% of respondents made most of
their lake trips in June, July, and August.
Additionally, approximately 20%-46%
of respondents visited lowa lakes in
the fall and about 20% of respondents
visited in winter and early spring.

We also collected a sample of
neighboring state respondents in
2019 to understand their recreational
activities at lowa lakes. Among
these respondents, the top-three
activities selected were relaxing and/
or picnicking (19%), nature/wildlife
watching (12%), and boating (10%),
respectively. Over 60% of respondents
made most of their lake trips in June,
July, and August. Only about 20% of
respondents visited lowa lakes in
winter and early spring.

Water quality perception and
information sources

Iowa households continue choosing
water quality as their most important
factor when choosing a lake destination.
In figure 3, among other factors, water
quality was considered as the most
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Figure 1. Map of lowa lakes surveyed in 2019.
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Figure 2. Lake activity distribution for |

important factor for both lowa’s and
neighboring states’ respondents when
visiting a lake in 2019. Proximity

and park facilities were of similar
importance across years.

Visitors mainly used the DNR
website to find information about
lakes and to check water quality
information. For the lowa sample, 47%
of respondents indicated they used the
DNR website to find information about
Iowa lakes and 83% of respondents
checked the DNR website when they

owa respondents.

looked for water quality information.
Similarly, 37% of neighboring state
respondents indicated they used the
DNR website to find information about
Iowa lakes and 78% of neighboring
state respondents checked the DNR
website when they looked for water
quality information.

For the first time, the 2019
study also asked about respondents’
knowledge of and experience with
harmful algal blooms (HABs). For the
Iowa sample, about 58% of respondents
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Figure 3. Important factors for choosing a recreational lake for

respondents.

stated that they had heard of HABs
and 32% of respondents had observed
a large algal bloom while fishing or
visiting a lake in 2019. In contrast,
about 30% of neighboring state
respondents have heard of HABs and
22% had observed a large algal bloom
while fishing or visiting a lake in 2019.

Lake usage and estimated
expenditure

lowa residents’ usage and expenditures
on lowa lakes are stable over the

last two decades. Compared to an
average of 60% of trip takers in the
historical surveys, in 2019, 65% of
Iowa respondents reported at least one
single-day trip or overnight trip, with an
average of 7.8 single-day trips and 2.13
overnight trips to lowa lakes in 2019.
The estimated total household single-
day trips across lowa lakes is also stable
across years—an estimated 8.9 million
trips in 2019, which is about the same
as 2014 estimates.

The recreational opportunities from
Iowa lakes continue to have a significant
impact on local economies. The average
self-reported expenses of single-day
trips to a particular lake among lowa
respondents were $35, while the
average overnight trip expenses were
about $135. Compared to the $983

million dollars of direct spending in
2014 ($1.059 billion in 2019 dollars),
the estimated total direct spending
associated with Iowa’s 139 lake single-
day trip visits in 2019 increased to
$1.023 billion dollars, with an average
total expense per lake of $7.4 million
dollars.

We also find that lowa lakes
provide recreational opportunities
to neighboring state residents. A
significant number of neighboring
state residents visited lowa lakes for
recreational use, especially residents
of the Omaha metropolitan area. The
new section on neighboring states’
respondents reveals that approximately
22% of respondents reported at least
one single-day trip, while about 9%
reported taking at least one overnight
trip, with an average of 1.7 single-day
trips and 0.7 overnight trips. The top-
five most visited lakes by neighboring
states’ respondents were Lake
Manawa, Carter Lake, West Okoboji
Lake, Clear Lake, and East Okoboji
Lake, respectively. A closer look at
the state distribution of neighboring
states’ respondents reveals a large
proportion of respondents in the
Omaha metropolitan area contributed
to the heavy lake visitations to Carter
Lake, Lake Manawa, and DeSoto Bend

Lake. In addition, compared to lowa
respondents, the average expenses of
single-day trips to a particular lake
among respondents from other states
were $44, while the average expenses of
overnight trips were $137.

Overall, our results provide
an empirically based estimate of
household trips and expenses for
139 Iowa lakes. We find both lowa
and neighboring states’ residents are
willing to travel a long distance to lowa
lakes for recreational use, and the lake
expenditure of lowa residents has been
steady in recent years. Future studies
could work more on the historical
surveys to understand how lake
visitors’ preferences, rural and urban
migration, and survey quality affects
lake visitations.
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Challenges and Opportunities for a Manure Market in lowa
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ANURE, WHICH is produced
as a joint product with the
live-weight of animals and
animal products (Roka and Hoag
1996; Ritz 2016), has long been
utilized as fertilizer for crops and as
a soil amendment (MacDonald et al.
2009). Utilizing manure for fertilizer
is an efficient and potentially revenue-
generating use of what otherwise would
be a waste product. Additionally, given
that a variety of livestock species and
many operations produce manure, it
serves as a source of fertilizer that is
largely resilient to international shocks
that have plagued the commercial
fertilizer market.

Iowa ranks first in total corn
production in the United States and
consequently has a large need for
fertilizer (USDA-NASS 2022). Iowa also
produces a lot of manure, as it leads the
United States in egg production, has the
second-most hog operations, the largest
hog inventory, the most cattle feedlots,
and the fourth-largest cattle-on-feed
inventory (table 1).

Iowa’s major production and use
of manure provides opportunities
for complementarities between row-
crop and livestock production. A 2014
survey reveals that 98% of lowa cattle
feedlot operations apply the manure
they produce to cropland they own or
manage (Schulz 2014); and, nationally,
76% of hog farms in 2009 applied
manure on their own farm (Key et al.
2011). There does not appear to be
robust trade for manure in Iowa, which
is not surprising given the survey
findings. Most lowa cattle feedlots
indicate they do not sell their manure
(Schulz 2014); and, nationally, only 5%
of hog farms sell manure (Key et al.
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2011). Earlier studies reveal that only
5% of US dairy farms and 16% of US
hog farms remove manure from their
operations, and any manure markets
that do exist tend to be highly localized
(MacDonald et al. 2009). However, in an
economic environment where demand
outpaces commercial nutrient supplies,
and sustainability practices are front-
of-mind, is a larger market for manure
economically viable? And, if not, what
are the roadblocks to viability?

How much fertilizer does lowa
livestock produce?

Any market requires both buyers
and sellers. It is not possible to know,
with absolute precision, the supply of

manure in lowa, but it is possible to
estimate potential supply and potential
demand. According to estimates
utilizing data from the 2012 Census
of Agriculture, manure could supply
about 30% of lowa’s nitrogen and
phosphorus fertilizer needs (Anderson
2014). These estimates account
for livestock populations, manure
nutrient availability, and crop nutrient-
assimilative capacity.

Farms that have both livestock
and crops already utilize much of
the potential manure supply. In fact,
estimates using corn and soybean
acreage in 2012 indicate that
approximately 17% of lowa’s farmable
acres received manure (Anderson

Table 1. lowa Major Livestock Operations and Inventory in 2017

Operations’in 2017 | Inventory? in 2017
Commodity (Rank) (Rank)
Cattle
Beef cows 19,171 938,818
(9) (10)
Milk cows 1,592 223,579
(10) (12)
Cattle on feed 4,942 1,644,497
(1) (4)
5,660 22,730,540
Hogs (2) (1)
2,801 167,208
Sheep, including lambs (11) (11)
1,198 665,714
Wool® (7) (12)
8,826 225,760
Goats (26) (16)
2,787 106,529
Milk goats (19) (4)
410 4,884
Angora goats (24) (21)
6,542 114,347
Meat and other goats (28) (20)
Poultry
Layers 4,425 56,554,774
(22) (1)
Broilers 884 3,447,238
(19) (25)
Turkeys 462 4,793,219
(21) (8)

Source: 2017 Census of Agriculture. 'Operations with inventory. 2December 1 inventory. *Operations

with production and production measured in pounds.
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2014).In 2006, only 5% of total
planted acreage received manure in the
United States (MacDonald et al. 2009).
However, it is possible that some of the
farms are over-applying manure for
the sake of disposal, and thus it could
be spread on far more cropland acres
(MacDonald et al. 2009). Even so, many
farms might not be looking to sell any
of their manure—99% of Iowa cattle
feedlots indicate they have enough land
to utilize the manure produced by their
operations (Schulz 2014).

Shocks and trends in the livestock
industry can further reduce the amount
of manure that might be available.
Specifically, as of June 3, the 2022
outbreak of the highly pathogenic
avian influenza (HPAI) virus had
affected more than 13 million birds
in commercial and backyard flocks in
Iowa (USDA-APHIS 2022). This reduced
flock size decreases the amount of
poultry manure produced in the state.
The beef cattle industry is three years
into the downturn of the current cattle

Table 2. Major Reasons Feedlot Operators Believe Crop Producers Would

Be Willing to Use Feedlot Manure

Number Mean
Reporting

Adds to soil organic matter 190 4.4
Good source of phosphorus 188 4.3
Good source of other nutrients 191 4.2
Increases yields above yields with commercial fertilizer alone 191 4.2
Reduces cost of fertilizer program 191 4.2
Corrects low yielding parts of fields 192 4.2
Good source of nitrogen 192 4.0
Manure use supports feeding operations that use our corn or corn co- 191 3.8
products

Less leaching loss of nitrogen with manure 191 3.6
Reduces soil erosion 189 3.6
Improves water infiltration 188 35
Makes the land easier to till 188 3.4
Prefer organic nutrient sources 186 3.3

Notes: Adapted from Table D11 in Schulz (2014). We asked respondents “Do you agree or disagree that

the following factors are major reasons for some crop producers to be willing to use feedlot manure?”

where 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree.

Table 3. Major Reasons Feedlot Operators Believe Crop Producers Would

Not Be Willing to Use Manure

Number Mean
Reporting
Manure application causes compaction 187 3.7
Manure use is subject to too many regulations; too much book-keeping 185 3.4
Nutrient application is too uneven 184 3.3
Nutrient availability is too unpredictable 185 3.3
Manure use causes complaints of odor 186 3.2
Manure use requires too much time 185 3.2
Manure often contains unwanted material 188 3.1
Ground cover disturbed with incorporation or injection of manure 186 3.0
Manure use requires too much management 185 3.0
Manure use delays planting crops 187 2.9
Manure use causes complaints of flies 185 2.9
The cost of manure use is too high 185 2.8
Manure use causes complaints of road traffic 186 2.8
Manure use increases the risk of contaminating surface or ground water 185 2.7
Manure use causes complaints of noise 186 2.5

Notes: Adapted from Table D12 in Schulz (2014). We asked respondents “Do you agree or disagree that

the following factors are major reasons for some crop producers to be reluctant to use feedlot manure?”

where 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree.

inventory cycle and the spike in costs
has been a leading factor in swine
industry contraction. When livestock
inventories decline so too does the
manure co-product.

Opportunities and challenges

The combination of livestock and

crop production in lowa provides

a unique agricultural system that

leads to economic advantages from
complementary production, but using
livestock manure as a substitute

for commercial fertilizer presents
several opportunities and challenges.
Table 2 highlights some of these
opportunities—the highest ranked
reason is because it adds to soil organic
matter, and the second-highest ranked
reason is that cattle feedlot manure is a
good source of phosphorous.

The fertilizer value of manure
depends on nutrient concentration,
and nutrient concentration varies
according to animal species, animal
genetics, production management and
facility type, and the details of manure
collection, bedding, storage, handling,
and agitation for land application
(Sawyer and Mallarino 2016). Similar
factors influence the total amount of
manure produced by livestock (lowa
DNR 2021). Roughly 77% of fed cattle in
Iowa are finished in an open lot, while
only 4% are finished in a building with
a slatted floor or deep pit (Schulz 2014).
Open feedlots tend to have relatively
low costs for manure handling, but they
also have relatively low nutrient capture
and value (Euken et al. 2015). By
comparison, more than 90% of swine
sites, and 99% of all pigs are housed in
facilities with no outside access (USDA
2015). This means that manure from
hog operations will be more consistent
in plant-available nutrient content
than manure from cattle feedlots. As
table 3 shows, unpredictable nutrient
availability is a leading reason why
lowa cattle feedlot operators think crop

Agricultural Policy Review / 5
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Figure 1. Density of lowa cattle and calves inventory (1 dot = 10,000 cattle
and calves), hogs and pigs inventory (1 dot = 20,000 hogs and pigs), and
corn for grain harvested acres (1 dot = 10,000 acres), 2017.

Source: 2017 Census Ag Atlas Maps.

farmers are reluctant to use manure for
fertilizer.

Even when exact nutrient values of
manure are determined, it is important
to keep in mind that not all nutrients
are available for plant use right way, if
ever. On the other hand, commercial
fertilizers (e.g., anhydrous ammonia)
contain nutrients that are ready for
immediate use by crops (Sawyer and
Mallarino 2016). Phosphorous and
potassium contained in animal manure
are estimated to be 100% available for
plants (eventually), but only 30%-50%
of nitrogen from beef and dairy cattle
manure (solid or liquid) is available in
the first year after application (Sawyer
and Mallarino 2016). An additional
10% of the nitrogen is available in the
second year, and 5% in the third, but
not all nitrogen becomes available even
as time progresses. Further reducing
the effectiveness of cattle manure as
a source of nitrogen is volatilization,
which leads to a 15%-30% loss of
nitrogen for solid manure applied
using broadcast methods with no
incorporation. Immediate incorporation
reduces this nitrogen loss to 5% or less,
but only 20% of Iowa feedlots use this
practice (Schulz 2014). Furthermore, no
feedlot operators that transfer manure
off their farms include incorporation
of the manure within 24 hours (Schulz
2014).

A number of issues related to
transportation and application of

6 / Agricultural Policy Review

manure also hinder development of a
manure market. In 2006, for example,
over half of US harvested crops were on
farms with no livestock production, and
manure can be expensive to transport
even short distances (MacDonald et al.
2009). Further complicating the matter
is that 48% of Iowa cattle feedlots that
sell manure charge for their manure
by unit volume, weight, or load, which
does not account for transportation
costs (Schulz 2014). Figure 1 depicts
the density of cattle and calves, hogs
and pigs, and corn production in
Iowa according to the 2017 Census
of Agriculture and highlights the
importance of manure transportation
costs. Cattle production is concentrated
in the northwest and northeast corners
of the state. Hogs and pigs are mostly
located in the northern half of the state
with a large production region in the
southeastern corner. By comparison,
corn production is much more prevalent
and uniformly distributed across the
state. Even with elevated commercial
fertilizer prices, not all corn acreage
is located close enough to livestock
operations for manure to be an
economically viable fertilizer source
when considering transportation costs.
In regard to application issues,
table 3 shows that compaction from
manure application is the highest-
ranked reason for crop producers being
reluctant to use feedlot manure for
fertilizer. At the same time, only 4% of

lowa cattle feedlots that transferred
manure off their operations in 2014
provided tillage to address compaction
from manure application (Schulz 2014).
Manure application also requires
specialized equipment and equipment
operators, which subjects manure
sellers to machinery and labor markets
and associated challenges. All told,
manure is an important but imperfect
substitute for commercial fertilizer.

Moving forward

Considering these challenges, lowa’s
livestock producers and crop farmers
may have to adjust practices for a
statewide manure market to develop.
Nearly 43% of cattle feedlot survey
respondents who transferred manure
off their farm did not partner with
anyone to do so, though partnerships
between livestock producers and crop
farmers, crop consultants, fertilizer
dealers, and organic product brokers
are possible (Schulz 2014). Livestock
producers could also consider adopting
agronomic services such as manure
analysis, soil testing, and measurement
of application rate, among others.

This would make their manure more
marketable and alleviate crop farmer
concerns about using manure as
fertilizer. Finally, there may be an
opportunity for a so-called “market
maker” to enter the scene and facilitate
manure transfers.
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Fresh Projections for the Next Marketing Year

Lee Schulz and Chad Hart

[schulz@iastate.edu,; chart@iastate.edu

SDA ALWAYS adds its outlook

for the next marketing year with

the May World Ag Supply and
Demand Estimates (WASDE) report.
The timing allows USDA analysts to see
the development of supply and demand
changes in the current marketing year
and incorporate those trends, along
with information on crop planting
progress and weather conditions, into
the forecasts for the next marketing
year. Given the differential timing of
the marketing years between crops and
livestock, the new projections cover
the 2023 marketing year for livestock
(which basically aligns with the
calendar year) and the 2022 marketing
year for crops (which for lIowa crops,
starts in September with the coming
harvest). Drought conditions in the
western United States, the spread of
avian influenza, the planting delays this
spring, the continuation of the Russian-
Ukrainian war, the volatility in the
energy markets, and the continuation
of supply chain issues, among other
factors, influence these projections.
With this myriad of confounding
factors shaping the ag markets,
these projections will likely change
significantly over the coming months,
but these estimates provide us the best
guess on what the future holds given
what we know today.

For livestock (table 1), the 2022
marketing year will break a string of
record total meat production. While
broilers continue to set production
records, the other meat sectors are
seeing a pullback in production this
year. The turkey industry is wrestling
with the losses from avian influenza.
The beef industry has seen a surge
in production during the first half of
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Table 1. USDA Livestock Projections

2023
Forecast Change Forecast Change from 2022
from April to 2023
Production (Billion Pounds)

Beef 27.84 0.13 25.95 -1.89
Pork 27.04 -0.04 27.37 0.33
Broilers 45.42 0.22 45.68 0.26
Turkey 5.36 -0.11 5.65 0.29
Total Meat 106.38 0.21 105.34 -1.04

Prices ($/Cwt.)
Steers 140.06 0.75 153.25 13.19
Hogs 71.14 -1.75 70.50 -0.64

(Cents/Ib)
Broilers 155.00 7.00 148.80 -6.30
Turkey 141.60 5.50 138.00 -3.60

Source: USDA-WAOB.

the year, as the drought spurs some
liquidation with higher-than-normal
cow culling, but the smaller herd will
also result in less beef in the second half
of the year. The pork industry has also
seen a reduction in animal numbers.
The smaller meat supplies and strong
demand have led to higher meat prices
across the board.

For 2023, the general trend is
still for lower meat production, but
beef is driving that outlook—turkey
is expected to rebound from avian
influenza, pork is projected to see
modest growth, and broilers continue
to increase. However, the combined
growth from turkey, pork, and broilers
is more than offset by the fall in beef
production, as the market will feel the
major impact of the cattle liquidation
next year. USDA projects livestock prices
will move in the opposite direction, with
cattle prices rising and hog, broiler, and
turkey prices falling. Compared to 2021
prices, cattle prices are projected to be
25% higher, hog prices are 5% higher,
broiler prices are up 47%, and turkey
is up 12%. Expect lower meat exports
with the declining meat supplies—beef
exports are forecast to fall below 3

billion pounds, declining by roughly 425
million pounds, and pork exports are set
to decline by 71 million pounds. Broiler
and turkey exports are expected to rise
by 112 million pounds.

On the crop side, the May report is
usually based on the acreage estimates
from the March Prospective Plantings
report and the trend yield released
at the Ag Outlook Forum in February.
However, the delays in planting
pushed USDA to deviate partially from
that pattern. While the corn acreage
estimate remains at the March number,
USDA has adjusted the projected
national corn yield downward (table 2).
At the Ag Outlook Forum in February,
USDA announced a weather-adjusted
trend yield of 181 bushels per acre
for corn. In May, the yield estimate
was lowered to 177 bushels per acre
based on the significant delays seen in
planting across the nation, which were
mainly driven by wet conditions in the
Corn Belt and Northern Plains despite
the continuing drought in the western
United States. Since 1980, USDA has
only recorded four years with slower
planting progress, 1983, 1984, 1993,
and 2013. In all four of those years, the
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Table 2. USDA Corn Supply and Use

2021 2022
Estimate Change from Forecast Change from
April 2021 to 2022
Area Planted (mil. 93.4 0.0 89.5 -3.9
acres)
Yield (bu./acre) 177.0 0.0 177.0 0.0
Production (mil. bu.) 15,115 0 14,460 -655
Beg. Stocks (mil. bu.) 1,235 0 1,440 205
Imports (mil. bu.) 25 0 25 0
Total Supply (mil. bu.) 16,375 0 15,925 -450
Feed & Residual  (mil. bu.) 5,625 0 5,350 -275
Ethanol (mil. bu.) 5,375 0 5,375 0
Food, Seed, & (mil. bu.) 1,435 0 1,440 5
Other
Exports (mil. bu.) 2,500 0 2,400 -100
Total Use (mil. bu.) 14,935 0 14,565 -370
Ending Stocks (mil. bu.) 1,440 0 1,360 -80
Season-Average  ($/bu.) 5.90 0.10 6.75 0.85
Price
Source: USDA-WAOB.
Table 3. USDA Soybean Supply and Use
2021 2022
Estimate Change from Forecast Change from
April 2021 to 2022
Area Planted (mil. 87.2 0.0 91.0 3.8
acres)
Yield (bu./acre) 51.4 0.0 51.5 0.1
Production (mil. bu.) 4,435 0 4,640 205
Beg. Stocks (mil. bu.) 257 0 235 -22
Imports (mil. bu.) 15 0 15 0
Total Supply (mil. bu.) 4,707 0 4,890 183
Crush (mil. bu.) 2,215 0 2,255 40
Seed & Residual  (mil. bu.) 117 0 125 8
Exports (mil. bu.) 2,140 25 2,200 60
Total Use (mil. bu.) 4,472 25 4,580 108
Ending Stocks (mil. bu.) 235 -25 310 75
Season-Average  ($/bu.) 13.25 0.00 14.40 1.15

Price

Source: USDA-WAOB.

final national yield fell below trend.
Given this data and the potential for
more precipitation throughout the rest
of the month, USDA made the early
adjustment to corn yields. This change
in yield takes roughly 325 million
bushels off of expected production. The
combined drop in the acreage and yield

translates to an expected 655 million
bushel drop in corn production year-
over-year. To balance with the smaller
projected crop, corn usage is also
expected to fall. Comparing the 2022
estimates to the 2021 estimates, feed
and residual usage is down 275 million
bushels and exports are off by 100

million bushels, while ethanol usage
is steady. While the Russia-Ukraine
war may create more opportunities
for exports, the impact of higher prices
will likely lead to fewer exports. The
increase in energy prices has supported
and will continue to support ethanol
production. The price run that started
in the summer of 2020 continues to
pressure USDA to raise its season-
average price estimates. For the 2021
crop, the current season-average price
estimate is $5.90/bushel, up $.45 over
the past three months. However, the
sharpest price increase is for the 2022
crop—at the Ag Outlook Forum, the
estimate was $5/bushel, now, it's $6.75/
bushel, with the futures market pointing
even higher.

With soybeans, USDA held to
the normal pattern with the yield
remaining at the Ag Outlook Forum
level of 51.5 bushels/acre (table 3).
The soggy conditions also delayed
soybean planting, but the gap is less
pronounced. The five most similar
years in terms of planting progress up
to this point are: 2002, 2003, 2007,
2009, and 2014. The national yield was
below trend in three of those years
and above in two, providing USDA
some support to stay with their trend
yield. With the projected increased
acreage to soybeans as farmers seek
to reduce the impact of high fertilizer
costs, soybean production is set to
exceed 4.6 billion bushels. The growth
in production parallels the growth in
soybean usage. Exports from the 2021
crop continue to exceed expectations,
leading to smaller ending stocks. While
the 2021/22 season-average price
estimate has not moved from $13.25/
bushel over the past few months, the
price is $2.45 /bushel higher than the
previous year. For the 2022 soybean
crop, projected usage remains strong.
Compared to 2021, domestic crush is up
40 million bushels and exports are up
60 million bushels. The export growth
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is somewhat surprising given the jump
to $14.40/bushel for the season-average
price estimate for 2022. However,

the limited supplies of vegetable oils,
especially sunflower oil from Ukraine,
are supporting additional exports
from the United States. Domestic crush
is growing as interest in renewable
diesel has led to significant increases
in soybean oil prices, another case

of higher energy prices stimulating
increased crop demand.

Overall, the outlook for US
agriculture over the next year is for
higher prices, but with mixed signals
on production. While farm and ranch
revenues will likely rise, farm and ranch
costs are rising as well. The higher crop
prices directly translate into higher feed
costs for the livestock sector. Fertilizer
and ag chemical supplies have been
constrained due to supply chain issues
and geopolitical events, leading to
larger crop production costs, and land
values have risen sizably over the past
year. Agriculture has not been immune
to inflationary pressures—in 2021, ag
prices rose faster than costs, and, in
2022, costs are catching up. Thus, the
higher prices may not lead to greater
profits in agriculture.
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Nitrogen Management with Abnormal Rainfall

Eseul Choi, Guilherme Depaula, Peter Kyveryga, and Suzanne Fey
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BNORMALLY HIGH rainfall may

increase both the uncertainty

about nitrogen fertilizer use in
agriculture and the discharge of nitrate
into water streams. Furthermore,
changes in climate may lead to higher
variability in rainfall with more frequent
abnormal precipitation. In this study,
we use experimental data from the Iowa
Soybean Association (ISA) to investigate
the effects of abnormal rainfall on farm
nitrogen management, considering both
farmer profitability and the potential for
environmental damages.

Figure 1 shows the variation in
rainfall in lowa during 1950-2020. The
rainfall variable is the average of total
early-season precipitation (May to July)
across lowa fields in our data. Early-
season rainfall is particularly relevant
for both plant growth and nitrogen
leaching. Figure 1 shows that both
average rainfall and rainfall variability
are increasing. We define abnormally
high early-season precipitation as
rainfall above the 80th percentile of a
distribution for the last 25 years.

We first study how abnormal
rainfall changes the relationship
between corn yields and nitrogen
use. We estimate a corn production
function using the target-input model,

a quadratic function conveniently
transformed to capture the uncertainty
in nitrogen application (Foster and
Rosenzweig 1995):

Yield = Max Yield - penalty x
(optimal nitrogen - actual nitrogen)?

The observed quantity produced
is a function of the maximum potential
yield using the optimal nitrogen rate
and a loss in productivity associated
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Figure 1. Rainfall variability in lowa (1950-2020).

Note: The rainfall variable is the average of total early-season precipitation (May to July) across fields in

the data. The two experiment periods are shaded.

Source: Daymet (2022) and IEM (2021) for data during 1980-2020 and 1950-1979.

with suboptimal application of nitrogen.
The target input model is useful when
there is uncertainty about the optimal
level of an input such as nitrogen. The
penalty captures the yield loss for a
deviation from the optimal (maximum-
yielding) input level.

We find that the yield penalty
doubles with abnormal rainfall.
Figure 2 shows our estimates for corn
production functions with normal
and wet weather for a soybean-corn
rotation. The penalty represents the
curvature of the production function
in the graph. A higher penalty in wet

conditions means that an error in
application of nitrogen could be more
costly in terms of yield losses. The
production function also tends to be
steeper for lower levels of nitrogen use.
This means that nitrogen tends to be
more productive in wet conditions.
Nitrogen is a critical input for
food production. However, when
leached to stream waters, it is also a
pollutant; thus, we add the potential
environmental damage of nitrate
leaching into our analysis of nitrogen
management. We use the inverse
relation between nitrogen deficiency in

Agricultural Policy Review / 11



mailto:eschoi%40iastate.edu?subject=Spring%202020%20Agricultural%20Policy%20Review%20Article
mailto:gdepaula%40iastate?subject=Spring%202020%20Agricultural%20Policy%20Review%20Article
mailto:PKyveryga%40iasoybeans.com?subject=Spring%202020%20Agricultural%20Policy%20Review%20Article
mailto:SFey%40iasoybeans.com?subject=Spring%202020%20Agricultural%20Policy%20Review%20Article

cornstalks at the end of the season and
nitrogen concentration in streams to
approximate the probability of leaching
(Balkcom et al. 2003). We estimate the
marginal damage of nitrogen as the
probability of leaching times the social
cost of nitrogen, namely the monetized
damage of one additional unit of
nitrogen in water. We then combine
this marginal environmental damage
with the marginal cost of reducing
nitrogen use, which we approximate by
the lost net revenue of using one unit
less of nitrogen for farming. An efficient
level of nitrogen use would equate
marginal costs and benefits of nitrogen
abatement.

The key insight of the analysis is
that abnormal rainfall tends to increase
the productivity of nitrogen but also the
likelihood of environmental damage
because of more leaching. Farmers
anticipating heavier rains may “insure”
against potential yield loss by applying
additional nitrogen upfront (Babcock
1992) but subsequently risk more
leaching. In the case of wet weather,
environmental protection tends to
become more costly because the
pollutant becomes more productive.
Figure 3 illustrates the results for
normal and wet weather (calculation
summary is in the methods section).
Note that excessive nitrogen application
is not profitable because nitrogen is
costly and has diminishing effects on
yields. The marginal cost (profit losses)
is steeper with wet weather because
nitrogen is more productive. The
marginal damage band is wide because
of large uncertainty and heterogeneity
in damages. However, damages tend to
be higher in wet weather because of the
higher likelihood of leaching.

The analysis in figure 3 does not
account for alternative strategies
to manage Nitrogen such as the
use of cover crops. It also does not
differentiate the timing and form
of nitrogen application. These are
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Figure 2. Corn production function with abnormal rainfall.

Note: We estimate the yield response to nitrogen application using field experimental data that examines
3-5 different levels of nitrogen rates across lowa from 2017 to 2020. The previous crop is set to soybean.
For each field, we define wet weather if May-to-July precipitation exceeded the 80th percentile of the

empirical distribution of the previous 25 years.
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Figure 3. Balancing net returns and environmental damages in nitrogen
management.

Note: An abatement of zero corresponds to 250 pounds of nitrogen application. The solid line is the
marginal cost of abatement, which is forgone net revenue due to additional reduction of nitrogen
application. The dashed lines are the lowest and highest marginal benefit of abatement. The marginal
benefit of abatement is the environmental damage avoided by reducing one unit of nitrogen application.
important topics of continuing alternative adaptation strategies for
research. Particularly because as both managing nitrogen.
nitrogen productivity and potential
environmental damages increase with Summary of methods

abnormal rainfall, so does the value of We estimate a production function and




Table 1. Parameter Values Used in Figure 3

Parameter Value
Corn price 4 ($/bu)
Nitrogen fertilizer price 0.4 ($/Ib)

Social cost of nitrogen

Probability of nitrogen loss

0.15~5.45 ($/Ib)
0.45 (normal) and 0.57 (wet)

Previous crop in the rotation Soybean
Range of nitrogen rate in the data 90-250 Ibs
a probability of nitrogen deficiency References

function using data from two ISA
experiments. The first experiment
randomly assigns 3-5 levels of nitrogen
in 30 fields from 2017 to 2020. The
second experiment randomly adds
and removes 50 pounds/acre from the
farmer nitrogen rate in 107 fields from
2007 to 2010. ISA records yields and
a nitrogen concentration in cornstalks
at the end of the season. We estimate
the production function using a block
fixed-effects model and we estimate
the probability of nitrogen deficiency in
the cornstalk using a probit model. We
use our estimates for the production
function and the probability of nitrogen
deficiency function to approximate the
marginal costs and benefits of nitrogen
abatement in the farm. The marginal
cost of abatement is the forgone net
revenue in the farm due to a unit
reduction of nitrogen application. We
calculate the net revenue by subtracting
the nitrogen cost from total revenue.
The marginal benefit of abatement
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by the probability of occurrence of
nitrogen loss. Table 1 shows the values
for each parameter used in the analysis
presented in figure 3. We use historical
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US Agricultural Exports to China during the Phase One
Trade Deal: Larger Pie, Smaller Slice?

Xi He, Dermot Hayes, and Wendong Zhang
xihe@iastate.edu; dhayes@iastate.edu; wdzhang@iastate.edu

HE UNITED States and China
I signed the Phase One trade
deal on January 15, 2020. The
deal ran from February 15, 2020, to
February 14, 2022, and obligated
China to purchase $36.5 billion
worth of US agricultural products
in the first year ($12.5 billion more
than the baseline) and $43.5 billion
in the second year ($19.5 billion
more than the baseline) (He et al.
2020). While China fulfilled 81% of
its agricultural purchase obligations
and China’s purchases of several
products, such as corn and pork,
reached historical levels, it is unclear
if China’s record purchases were
driven by China’s growing import
demand or its trade deal obligations.
We investigate whether China’s
agricultural imports from the United
States grew in proportion to China’s
agricultural imports from all sources
during the trade deal. We look at
both total agricultural trade and
trade for specific commodities that
are important for the United States.
We also compare the comparative
advantage of the United States and
major exporters of corn, soybeans,
and pork using the normalized
revealed comparative advantage
(NRCA) index (Yu et al. 2009).
Figure 1 shows US monthly
exports of total agricultural and
related products to China. US exports
during the trade deal in 2020 and
2021 far exceeded thatin 2017,
and total exports in 2020 and 2021
reached $64.65 billion, which is 81%
of China’s obligated purchase of $80
billion specified in the trade deal.
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Figure 1. US monthly agricultural exports to China, January 2017 to March

2022.
Source: USDA GATS (2022).

Figure 2 shows US agricultural
exports to China and the share of total
US agricultural exports that went
to China. US agricultural exports to
China fell by almost 50% in 2018
and recovered and exceeded the pre-
trade war levels in 2020 and 2021.

In 2020 and 2021, the share of total
US agricultural exports to China also
slightly exceeded pre-trade-war levels
in 2012-2014.

Figure 3 shows China’s
agricultural imports from US and non-
US sources from 2010 to 2021 and the
first quarter of 2022. Before the trade
war in 2018, China’s agricultural
import share from the United States
had slowly declined from 25.5% in
2010 to 19.2% in 2017 and further

declined to 11.8% and 9.3% in 2018
and 2019, respectively, during the
trade war. Although China increased
its US agricultural purchases and its
import share from the United States
increased to 13.9% and 17.7% in
2020 and 2021, respectively, it did not
recover to its 2017 level.

Figure 3 also shows that China’s
total agricultural imports have rapidly
increased since 2016 and almost
doubled from $110 billion in 2016
to $219 billion in 2021, with its
purchases from non-US sources more
than doubling during this period.
China’s rising imports from non-US
sources suggests that China needed
the imports. As a result, its record
purchases from the United States
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under the trade deal were more likely
driven by its demand growth and not
its trade obligations.

We further compare China’s
purchases of specific commodities
from the United States with
China’s overall purchase of these
commodities in table 1. Panel A in
table 1 shows US exports to China
in 2017, the trade war period (2018
and 2019), and the Phase One period
(2020 and 2021), as well as the
average growth rate in 2020 and 2021
relative to 2017. Panel B in table 1
shows these statistics for China’s
total imports of specific commodities.
Panel B shows that China’s imports
of corn, beef, and pork in 2020 and
2021 surged relative to 2017 levels,
while other products, such as wheat,
seafood, and dairy products also grew.
On the one hand, China’s imports of
corn and beef from the United States
grew faster than China’s total imports
of these products. On the other hand,
US exports of products like soybeans,
pork, wheat, seafood, and dairy to
China grew slower than China’s total
imports. Similarly, panel C shows
that US share in China’s total imports
of corn and beef grew in 2020/21
relative to 2017, while the US share of
China’s imports of other commodities
declined in 2020/21 relative to 2017.
These patterns indicate that the
United States gained a smaller share
of China’s growing import demand,
except in several sectors, such as corn
and beef.

Overall, the data analysis
shows that while China increased
its agricultural purchases from the
United States in 2020 and 2021,
its overall agricultural purchases
generally outpaced its US purchases.
As a result, it is fair to conclude that
China’s increased purchases from the
United States in 2020 and 2021 were
more likely driven by factors driving
overall demand in China and, to a
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Table 1. China’s Imports and US Exports of Major Commodities to China
before the Trade War and during the Phase One Trade Deal

Average
growth rate
Commodity 2017 2018 2019 2020 2021 M 2;:201"‘“"
relative to
2017
Panel A: US exports to China (Million metric tons)
Soybeans 31.69 8.24 22,61 34.23 27.38 -2.8%
Corn 0.81 0.29 0.31 7.05 18.82 1494.8%
Pork & Pork Products 0.31 0.22 0.58 1.00 0.72 177.9%
Beef & Beef Products 0.00 0.01 0.01 0.04 0.19 3795.0%
Seafood Products 0.47 0.38 0.34 0.30 0.30 -36.7%
Wheat 1.51 0.40 0.24 2.25 2.74 64.8%
Dairy Products 0.39 0.36 0.20 0.34 0.44 0.9%
52&0;:8’;';;:50(;58‘;"?;:3‘1 1531 5546 10.76 19.774 24.89 45.9%
Panel B: China's total imports (Million metric tons)

Soybeans 95.53 88.03 88.51 100.33 96.52 3.0%
Corn 2.83 3.52 4.79 11.30 28.35 600.5%
Pork & Pork Products 1.22 1.19 2.11 5.73 5.00 339.8%
Beef & Beef Products 0.70 1.04 1.66 2.14 2.36 221.4%
Seafood Products 2.94 3.40 4.44 4.02 3.63 30.1%
Wheat 4.42 3.10 3.49 8.38 9.77 105.3%
Dairy Products 2.54 2.74 3.06 3.37 3.95 44.1%
Import value of selected 2452 3118 42.54 55.419 65.18 145.9%

commodities ($Billion)

Panel C: US Share in Total Chinese Imports (%)

Soybeans 33.2%
Corn 28.7%
Pork & Pork Products 25.3%
Beef & Beef Products 0.4%
Seafood Products 16.1%
Wheat 34.3%
Dairy Products 15.2%

Share of US in China's import

0,
value of selected commodities 62.4%

9.4%
8.3%
18.5%
0.7%
11.3%
12.8%
13.0%

17.8%

25.5%
6.5%
27.3%
0.6%
7.7%
6.8%
6.6%

25.3%

34.1%
62.4%
17.4%
2.0%
7.4%
26.9%
10.1%

35.7%

28.4%
66.4%
14.5%
8.1%

8.3%

28.0%
11.1%

38.2%

Source: USDA GATS (2022) and China’s General Administration of Customs (2022).

lesser extent, the Phase One deal.

Figure 4 presents the NRCA
indices of US and other major
exporters of corn, soybeans, and
pork. NRCA measures the degree
of deviation of a country’s actual
exports from its comparative-
advantage neutral level in terms of
its relative scale with respect to the
world export market and provides a
proper indication of the underlying
comparative advantage (Yu et al.
2019).' A country has a comparative
advantage in a good if its NRCA
is greater than zero and does not
have a comparative advantage if its
NRCA is less than zero. Higher NRCA
indices indicate relatively competitive
positions. Figure 4 shows that while
the United States has a comparative
advantage over Ukraine for corn,
this advantage declined in 2019 and
slightly rebounded in 2020. Brazil’s
comparative advantage over the
United States in soybean has been
growing. US comparative advantage
in pork has been growing since 2019
and almost reached that of Germany,
indicating US pork has become more
competitive since the trade war.

The bright side of the Phase One
agreement is that China removed
some of its non-tariff barriers to the
United States in the beef and poultry
sector. The ongoing Russia-Ukraine
conflict will likely reduce Ukraine’s
corn production and exports, and the
United States and Brazil will remain
the primary source of China’s corn
imports. With China’s growing food
import demand induced by its limited
land resources, US agricultural
exports to China are likely to
continue, but whether the United
States can get a larger share of China’s
growing food import demand remains
uncertain and depends critically

1. Yuetal. (2009) define country i's NRCA index of commodity j as: NRCAii=Ei/E (EiJ/E. -E,/E), where E is the world’s exports of commodity j; E is the world’s
exports of all agricultural commodities; Eij is country i's exports of commodity j; and, Ef| is country i's exports of all agricultural commodities.
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Figure 4. NRCA indexes of corn, soybeans, and pork.

Source: UN Comtrade Database.

on China’s imports diversification
strategy and a complicated and
uncertain US-China relationship.
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HE FEDERAL government and

many communities and private

companies have set net zero
greenhouse gas emission (GHG) goals,
mostly by 2050. The federal government
is investing up to $1 billion to support
climate-smart agriculture and forestry
through voluntary conservation
programs (USDA 2021). Various
companies (e.g., Indigo, Truterra, Bayer,
and Corteva) have also injected much
private investment into the agricultural
sector and various companies have
set up mechanisms to provide
incentives for farmers to adopt carbon
sequestering conservation practices.
Many agricultural conservation
practices that sequester carbon can also
improve soil health and reduce nutrient
runoff and there have been decades
of efforts and investment to promote
conservation practice adoption. The two
largest federal conservation programs
in the United States, the Environmental
Quality Incentives Program (EQIP) and
the Conservation Stewardship Program
(CSP), had more than $437 million and
$345 million in obligations in lowa over
the ten years from 2011 to 2020 to
promote conservation practice adoption
(NRCS 2021).

Traditional conservation

programs like EQIP and CSP have
substantial carbon sequestration co-
benefits; similarly, innovative carbon-
sequestration focused programs
targeting the agricultural sector will
likely generate substantial co-benefits
in soil health and water quality. Carbon
markets and related programs are at
the developmental stage and thus little
systematic data are available. On the
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other hand, conservation programs have
been around for decades, which allows
for some assessment of co-benefits of
conservation practices enrolled in the
programs.

With a simple analysis based on
data of program participation and
existing literature, this article aims to
illustrate the co-benefits of improved

water quality and sequestered carbon
by practices enrolled in EQIP. We focus
on the payment and impacts of the EQIP
program since a specific CSP contract
may include multiple conservation
practices as a bundle, making it difficult
to conduct benefit-cost analysis for
individual conservation practices.

Table 1 lists the top-10 most used EQIP

Table 1. Top 10 Ranking of EQIP Practices by Payment/Acreage

EQIP Practices
(ranked by payment)

Ranking
(Top 10)

Cover crops

Waste storage facility
Underground outlet
Terrace

Grade stabilization structure
Roofs and covers
Farmstead energy
Improvement

Fence

Pasture & hay planting
Streambank & shoreline
protection

W0 N OO0~ WN=

-
o

Payment EQIP Practices Acreage

(million (ranked by acreage) (thousand

dollars) acres)
38.9 Cover crops 1219.6
27.8 Residue management-No till 362.2
12.8 Nutrient management 209.8
12.0 Prescribed grazing 73.6
1.4 Pasture & hay planting 61.6
9.4 Subsurface drain 36.4
7.3 Fence 27.8
7.1 Underground outlet 24.6
6.8 Conservation crop rotation 21.7
6.4 Terrace 20.6

Table 2. Grouping of Top 40 EQIP Practices based on Water and Carbon

Benefits
Benefits Number of Practices
practices
Primarily water 10 Underground outlet, Subsurface drain,
Water & sediment control basin, Grade stabilization structure,
Waste storage facility, Streambank & shoreline protection,
Pond, Pumping plant for water control, Roofs and covers,
Stream crossing
Primarily carbon 5 Forest stand improvement, Energy efficient lighting system,
sequestration Forest site preparation, Farmstead energy improvement,
Agricultural energy management plan
Both water quality 12 Cover crop, Residue management: no-till, Nutrient
and carbon management, Critical area planning, Heavy use area
sequestration protection, Terrace,
Pasture & hay planting, Prescribed grazing,
Grassed waterway, Conservation cover,
Conservation crop rotation, Tree shrub establishment
Neither water nor 13 Fence, Watering facility, Livestock pipeline, Brush

carbon sequestration

management, Prescribed burning, Access control, Mulching,
Wetland wildlife habitat management,

Herbaceous weed treatment, Structures for wildlife,
Seasonal high tunnel system for crops, High tunnel system,
Pest management
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practices in lowa by payment and by
acreage from 2012 to 2021. There are
five practices that appear in both the
top ten by payment and the top ten by
acreage, with cover crops being the
most used practice by both payment
and by acreage. In addition to cover
crops, no-till and nutrient management
were also used in large areas.

There are 125 conservation
practices listed in Iowa’s EQIP
payment schedule. For analysis of co-
benefits, we examine the top-40 most
frequently used EQIP practices in
Iowa, which account for 96.3% of total
EQIP spending (i.e., $181.6 million of
$188.5 million from 2012 to 2021).

We categorize the top 40 practices into
four groups: primarily water benefit
practices (10); primarily carbon benefit
practices (5); both water and carbon
benefit practices (12); and, neither
water nor carbon benefit practices (13).
Table 2 lists the practices in each group.
The main purpose of the grouping

here, which is admittedly crude, is to
conceptually and quantitively illustrate
the co-benefit nature of commonly used
conservation practices.

Figure 1 presents the geographical
distribution of payments for the four
groups in the past ten years. To facilitate
comparison, all four maps use the same
numerical scale. Figure 1 indicates that,
by far, the most payments were made
for practices that generated both water
and carbon benefits, including cover
crops, residue management: no-till/
reduced till, and nutrient management,
etc. Payments for practices that
primarily have carbon benefits were
the smallest among the four groups.
Practices that had both water and
carbon benefits tended to be evenly
distributed around the state, whereas
primarily carbon and primarily water
benefit practices that were enrolled in
EQIP during 2012-2021 tended to be
located in different regions of the state.

To illustrate the magnitude of

[J(0~100] [1(100~200] .(\;200—-500]
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Figure 1. Total 2012-2022 EQIP payments (thousand dollars) by county
for: (a) both water- and carbon-focused practices, (b) carbon-focused
practices, (c) water-focused practices, (d) neither water- nor carbon-
focused practices.
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Figure 2. Conservative and optimistic estimates of carbon sequestration
(thousand tons of CO,) from CC, NT, and RT in lowa, 2012-2022.

the carbon and water co-benefit “minimum disturbance” tillage in 2020
(IFRLP 2020). Many studies estimate
the net CO, avoidance under CC, NT,

and conservation tillage-reduce till

relationship, we select three widely
adopted and extensively studied
practices: cover crops (CC), no-tillage
(NT), and reduced tillage (RT). The
2021 Iowa Farm and Rural Life Poll
(IFRLP) Survey shows that 48%
respondents used NT, 33% used CC,
and 25% used strip-till or similar

(RT) and the results vary widely.
Most results show the practices have
positive carbon sequestration and,
for illustration purposes, we use a
range of 0.20~0.92 tons of CO, per
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acre per year for CC, 0.14~1.21 tons
of CO, per acre per year for NT, and
0.13~0.31 tons of CO, per acre per year
for RT. Nutrient management is also a
frequently adopted practice; however,
there is not enough information for net
CO, emission avoidance by nutrient
management practices and so we
do not study it here. We select the
second-lowest and the second-highest
carbon sequestration rates from the
above studies to obtain conservative
and optimistic estimates of carbon
sequestration, respectively. We estimate
the carbon impacts of CC, NT, and RT
form 2012 to 2021 ranges from about
346,000 tons (conservative rate) to
about 1.371 million tons (optimistic
rate) in total for lowa. Figure 2 shows
that we estimate counties in north and
northeastern lowa generated the most
carbon sequestration benefits under
EQIP through CC, RT,and NT.

Similarly, we estimate the ballpark
water quality improvement of CC,
NT, and RT, as measured by NO,-N
(nitrate-nitrogen) mass reduction. The
range of parameters from the existing
literature also vary widely and, again
for illustration purposes, we use a
range of 16~49 pounds per acre per
year for CC; 36.5~41.0 pounds per acre
per year for NT; and, 21~23 pounds
per acre per year for RT. Similar to our
carbon sequestration estimation, we
choose a low and high benefit rate to
represent conservative and optimistic
benefit estimates, which are about
4.495 million pounds and 7.463 million
pounds in total, respectively, for nitrate-
nitrogen reduction in lowa from 2012 to
2021. Figure 3 shows the geographical
distribution of the program benefits in
nitrate-nitrogen reduction for CC, NT,
and RT enrolled in EQIP, which indicates
that most of the program benefits
occurred in the northern part of the
state.

To gain further perspective, we
derive back-of-the-envelope estimates
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Figure 3. Conservative and optimistic estimates of nitrate-nitrogen
reduction (thousand tons of NO,-N) from CC, NT, and RT in lowa, 2012-

2022,

of the monetary value of carbon and
water quality benefits. Many studies
examine the price of carbon and we
will not enumerate them here. We use
the range in Nordhaus (2017), which
estimates the social cost of carbon

as $37.30 per ton of CO, (in 2010 US
$), with a range from $22.60 to $140
depending on discount rate used. Our
rough calculation of carbon benefits
generated by CC, RT, and NT from

2012 to 2021 is $12.9~$51.1 million.
By contrast, few studies estimate

the monetary benefits of nitrate-
nitrogen reduction, which depends on
nitrogen movements, and the location,
vulnerability, and preferences of
populations affected by nitrogen. In this
analysis, we follow the recent “Carbon
Science for Carbon Markets” report
(Schulte Moore and Jordahl 2022)

and use the range of $8.60-$10.30

per pound for NO_-(nitriate). After
conversion between NO,-(nitriate)

and NO,-N (nitrate-nitrogen), a rough
calculation of the water quality benefits
induced by CC, RT, and NT enrolled

in EQIP in Iowa is $1.7~$3.4 million
dollars from 2012 to 2021. Thus, based
on our simple calculation, the three
conservation practices—CC, RT, and
NT—seem to have generated much
more carbon benefits than water
quality benefits while the overall EQIP
investment on the three practices seems

to be comparable to the total carbon
and water quality benefits ($14.6~$54.5
million).

We note several important caveats
associated with these estimates
including simplicity of calculation,
not accounting for the dynamic and
non-permanence nature of carbon
sequestration, and the omission of
other co-benefits such as improved
soil health. Our study is meant as an
illustration of the interconnected nature
of carbon sequestration, water quality,
and likely other co-benefits associated
with conservation practice adoption
in the agricultural sector. More formal
and systematical investigation of these
interconnected relationships are needed
for sound policy design and assessment.
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