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Abstract

Despite decades of nutrient-runoff reduction efforts via regulation, financial and tech-
nical assistance, and education, manure remains a significant contributor to Chesapeake
Bay nutrient loadings. In the Bay watershed, animal feeding operations (AFOs; livestock
operations that confine animals) are responsible for the majority of acreage onto which
manure is applied, and over a quarter of these operations produce more manure nutri-
ents than they can use on the farm. An alternative method of reducing discharges from
livestock operations may be to involve them in nutrient trading, in which producers sell
representations of their pollution reductions as credits. Past analysis of farmer participa-
tion in nutrient trading has focused almost exclusively on crop producers. In contrast

to crop-only producers, livestock producers face regulations that require them to meet
nutrient application standards on their farms, and they have added costs of manure ship-
ping to meet those standards. Therefore, they may be less likely to participate in nutrient
trading than crop-only producers. An analysis of producer-participation decisions
reveals that those producing more manure nutrients than can be applied on their farms
are especially unlikely to participate in nutrient trading based on reductions in nutrient
applications to cropland. Since these operations already have relatively little cropland,
they can generate relatively few credits from pollution reductions.

Keywords: Livestock, nutrients, nutrient trading, water quality trading, Chesapeake
Bay, total maximum daily load, TMDL
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What Is the Issue?

Despite decades of recuperation efforts, the Chesapeake Bay’s water quality has not met
desired goals. This has prompted the U.S. Environmental Protection Agency (EPA) to adopt

a limit on the amount of pollutants that the watershed can receive and still meet water-quality
goals, called a total maximum daily load (TMDL). Specific pollutants of concern in the
Chesapeake Bay include nitrogen and phosphorus, nutrients that can lead to adverse effects on
public health, recreation, and ecosystems if present in excess amounts. The EPA estimates that
the application of commercial fertilizer and manure to agricultural land contributes at least 39
percent of nitrogen and 57 percent of phosphorus loadings to the Chesapeake Bay. Of those
agricultural loadings, approximately half are due to applications of commercial fertilizer, while
half are due to manure.

Two highlights of States” TMDL implementation plans are greater oversight of discharges

from animal feeding operations (AFOs) and nutrient trading. AFOs are livestock operations
that raise animals in confinement. Certain AFOs, called confined animal feeding operations
(CAFOQs) are regulated under the Clean Water Act (CWA). However, CWA regulations do not
fully satisfy water-quality goals, in part because many AFOs fall outside of regulatory purview.
To address potential runoff from these operations, Federal, State, and local governments offer
outreach, education, and financial assistance to encourage adoption of practices that are less
polluting. But recent studies have shown that agricultural operations do not implement these
practices to the extent necessary to satisfy water quality goals.

Nutrient trading is a system in which polluters with higher costs of pollution reductions (e.g.,
wastewater treatment facilities) pay those with lower costs (like agricultural producers) to limit
discharges. Before they can generate pollution reduction credits for sale, agricultural producers
must first meet baseline requirements, including shipping any excess manure nutrients off-farm.
The literature on nutrient trading in the Chesapeake Bay almost exclusively considers crop agri-
culture, overlooking several factors that may affect livestock producers’ participation in nutrient
trading.

This report builds on the June 2014 USDA, Economic Research Service report, An Economic
Assessment of Policy Options To Reduce Agricultural Pollutants in the Chesapeake Bay, by
providing a more detailed examination of nutrient-management complexities and participation

www.ers.usda.gov



in nutrient-trading, according to farm type. It addresses the extent to which AFOs are implicated in Chesapeake
Bay nutrient pollution and compares nutrient-trading participation in AFOs versus crop-only farms and by
AFOs of different sizes.

What Did the Study Find?

AFOs (of which CAFOs are a subset) are responsible for the majority of manure acreage in the Chesapeake
Bay, and just over a quarter of these operations produce more recoverable manure nutrients than can be used on
a given farm.

* In 2012, an estimated 46 percent of recoverable manure nitrogen and 60 percent of the recoverable manure
phosphorus in the Bay was produced on farms without enough crop and pastureland assimilative capacity
to accommodate the manure nutrients.

* Though they constitute only 15 percent of agricultural operations and cover only 30 percent of crop and
pastureland in the Chesapeake Bay watershed, AFOs controlled 63 percent of the acreage to which manure
is applied (manure acreage) in 2012.

*  AFOs are more likely than other types of farms to apply manure, but not all of them do. Only 60 percent of
AFOs report applying manure to crop or pastureland, although 92 percent of them have such land.

* Twenty-six percent of Chesapeake Bay AFOs produce (via manure) more nitrogen than can be assimilated
on the farms where it is produced. Forty-six percent of AFOs produce more phosphorus than can be used
on the farms.

The CWA CAFO regulations and other differences between livestock and crop-only farms may create differ-
ences in the likelihood and benefits of participating in nutrient trading.

* To meet baseline requirements for nutrient trading, producers must satisfy all regulations. Actual or
perceived regulation may deter livestock operations from approaching the trading authority.

* In many nutrient-trading schemes, an aspect of meeting the baseline is a nutrient management plan (NMP)
requiring that nutrient applications do not exceed onfarm needs. Operations producing more manure nutri-
ents than can be agronomically assimilated may incur costs for shipping nutrients off-farm in order to meet
an NMP. Crop-only producers utilizing commercial fertilizer do not generate nutrients onsite, so they will
not face these additional costs.

*  Agricultural producers may generate nutrient reduction credits to sell when they lower nutrient discharges
below the level allowed in an NMP. This reduction may require operations that generate manure to ship
nutrients off-farm at an additional cost. Operations relying solely on commercial fertilizer can actually
reduce an expense by lowering nutrient applications. An added cost for manure producers compares with a
saved expense for crop-only producers.

In this report, we simulate trading whereby producers generate credits by reducing their onfarm applications

of manure and fertilizer below the agronomic rates required to participate. Simulation results using a $20 per
credit price show that AFOs without excess manure nutrients are as likely to participate as large-scale, crop-

only producers. AFOs with excess manure nutrients are much less likely to be able to participate and, even if
able, to find it cost-beneficial.

*  Thirty-five percent of small AFOs with onfarm excess manure nutrients have no nutrient uptake capacity
on cropland. In the modeled trading program, farmers generate credits by reducing applications to crop-
land. Because they cannot reduce applications to cropland, these producers are not potential trading
participants. Around half of medium and large AFOs with excess manure nutrients also have no cropland
(48 and 51 percent, respectively).

www.ers.usda.gov




* Among AFOs with excess nutrients that are potential participants, only 35 percent of small AFOs would
find it cost-beneficial to participate. In contrast, more than half of medium AFOs and 59 percent of large
AFOs with excess nutrients would find participation cost-beneficial.

* AFOs with onfarm excess nutrients have relatively little cropland (when they have any at all). These
farms, therefore, cannot generate as many credits from reduction of nutrient application to cropland; this
means they cannot generate as much revenue from participating in nutrient trading as operations with
more cropland.

How Was the Study Conducted?

This report describes livestock agriculture in the Chesapeake Bay using 2012 Census of Agriculture data.
(The 2012 Census of Agriculture is the most recent one, conducted by the U.S. Department of Agriculture’s
National Agricultural Statistics Service in 2012, with the first data results released in mid-2014. The census is
conducted every 5 years.) Next, measures of nutrient uptake and generation for every farm in the Bay water-
shed are estimated, using USDA Natural Resources Conservation Service (NRCS) methods, which account
for animal type, region, crop yield, and production facility size. The effects of Clean Water Act regulations
on livestock operations’ participation in nutrient trading is discussed, and a numerical simulation model of
agricultural operations’ participation in nutrient trading via reduction of nutrients to cropland is constructed,
accounting for yield reductions, manure-shipping costs, and multiple other factors. Finally, participation

is predicted across types of producers, and sensitivity analyses are conducted by varying model parameter
assumptions.

www.ers.usda.gov




Comparing Participation in
Nutrient Trading by Livestock Operations to
Crop Producers in the Chesapeake Bay Watershed

Introduction

The Chesapeake Bay watershed includes portions of six States and the District of Columbia,
covering 64,000 square miles and more than 17 million people. The Bay is fed by five major
rivers—the Susquehanna, Potomac, Rappahannock, York, and James—as well as their tributaries.
Agriculture accounts for over a quarter of land in the Bay, with production of crops and livestock
totaling approximately $15 billion in 2012." (The 2012 Census of Agriculture is the most recent one,
conducted by the U.S. Department of Agriculture’s National Agricultural Statistics Service in 2012,
with the first data results released in mid-2014. The census is conducted every 5 years.) The Bay also
suffers significant water-quality concerns in the form of nutrient pollution, which can yield algal
blooms, fish kills, impaired drinking-water supplies, and adverse public-health outcomes (Copeland,
2006). The Federal Clean Water Act (CWA), adopted in 1972, helped reduce pollution from specific
point sources, such as wastewater treatment facilities, by requiring them to limit their discharges to
permitted levels (written into National Pollution Discharge Elimination System (NPDES) permits).
However, the original CWA did not address nonpoint-source pollution arising from agricultural
fields and stormwater runoff (see box, “Point and Nonpoint-Source Pollution™). In the Chesapeake
Bay, approximately half of the nutrient pollution is estimated to arise from nonpoint-source loadings
from agriculture, with land application of fertilizer and manure? each contributing approximately
half of the agricultural loadings (USEPA, 2009a). Manure can be applied either directly by pasture-
based animals or after being collected in storage facilities. This agricultural pollution is largely
unregulated except for some discharges from certain large-scale livestock operations.

Despite decades of restoration attempts, the Bay still fails to meet water-quality goals. In 2011-
2013, only 29 percent of Bay waters met Clean Water Act standards for water quality (Chesapeake
Bay Program, 2013). Differences in jurisdictional boundaries and a decentralized policy land-
scape are part of the difficulty in Bay-area cleanup. Because of continued problems, in 2010 the
EPA adopted a total maximum daily load (TMDL) for the area, which sets a discharge limit for
the watershed. States within the watershed must submit plans on how to reduce discharge levels
to meet water-quality standards. These plans include load restrictions from unregulated nonpoint
sources, like crop and most livestock producers, and regulated point sources, like wastewater
treatment facilities. To achieve these reduced loadings, regulated point sources have more strin-
gent loadings written into their individual permits, while unregulated nonpoint sources are asked
to voluntarily reduce their discharges.

Given the importance of manure in agricultural loadings, State plans to meet the TMDL have
included a focus on certain kinds of livestock operations. Animal feeding operations (AFOs) are

IThe estimate of $15 billion comes from the author’s calculations using 2012 Census of Agriculture data of the total
value of production at farms in Chesapeake Bay watershed counties.

2This includes manure “deliberately” applied (as with confined animal feeding operations that collect manure for later
land application) as well as manure “passively” applied (as with pastured animals that deposit manure directly to the
land).
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Point and Nonpoint-Source Pollution

Under regulatory protocols, pollutant discharges are characterized as “point source” and
“nonpoint source.” A point source is a single identifiable outlet from which pollutants are
discharged, such as a pipe, ditch, factory, or wastewater treatment facility. A nonpoint source of
nutrient pollution is one with less discernible boundaries, like runoff from fields and imperme-
able surfaces. Most agricultural operations are potential nonpoint-source polluters, although
confined animal feeding operations (CAFOs) are considered to have both point and nonpoint-
source discharges. Point sources must obtain National Pollution Discharge Elimination System
(NPDES) permits or other State equivalents. Nonpoint-source discharges are frequently unregu-
lated. Reducing discharges from point sources like water-treatment facilities generally requires
expensive technological upgrades. Discharge reductions from nonpoint sources are thought to
be less expensive, generally requiring different land management techniques (Chesapeake Bay
Commission, 2012).

Agricultural nonpoint sources and loadings are much more numerous than agricultural point-
source loadings. The primary forms of nonpoint-source loadings from agriculture are land
application of fertilizer and manure at rates above which crops and pasture can assimilate.
Precipitation can then wash excess nutrients to surface and ground water; this process is typi-
cally referred to as “runoff” (Gollehon and Caswell 2000). Agricultural point-source pollution
can arise from the manure storage areas of CAFOs, which can leak or overflow. In tallies of
the sources of Chesapeake Bay nutrient loadings, the extent of point-source discharges from
CAFO:s is either not estimated (as in the case of unpermitted CAFOs) or they contribute a very
small share to overall loadings.!

IData from the Chesapeake Bay Program’s ChesapeakeStat (https://stat.chesapeakebay.
net/?q=node/130&quicktabs_10=1) suggest that, in 2013, the percentage of nitrogen loadings to the Chesapeake
Bay watershed from regulated agricultural sources was 0.7 percent, and that of phosphorus loadings was 2.1 per-
cent. Note that these just include point-source loadings from permitted CAFOs and exclude nonpoint-source load-
ings from any CAFOs as well as point-source loadings from unpermitted CAFOs. The Chesapeake Bay Program
is a regional partnership, made up of Federal and State agencies, local governments, nonprofit organizations, and
academic institutions, which leads and directs bay restoration and protection.

livestock operations that confine animals for a minimum number of 45 days per year. Because of
this production style, they often gather manure mixed with urine and water in holding tanks or
ponds; this collected product is spread on surrounding crops or fields to fertilize crops or as a soil
amendment to promote plant growth. AFOs are also characterized by size; roughly, those with less
than 300 animal units? are considered “small,” those with between 300 and 999 animal units are
considered “medium,” and those with more than 1,000 are considered “large.” Based on size and/or
discharges, certain AFOs may be characterized by the pertinent regulatory authority as concentrated
animal feeding operations (CAFOs), which may need to obtain NPDES permits to operate. The
permits require specific manure-management practices intended to contain manure-storage leaks
(point-source discharges) as well as runoff from fields (nonpoint-source discharges). The portions of

3An “animal unit” is a method of normalizing across animal types and sizes. Each animal unit represents approxi-
mately 1,000 pounds of average live weight.
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State TMDL implementation plans concerning CAFOs have generally focused on greater monitoring
and enforcement of already adopted regulations. However, the ability of these regulations to reduce
discharges has come into question, based on poor performance and lack of enforcement (Centner,
2003; GAO, 2003; USDA-NRCS, 2011; Perez, 2011; NRDC, 1998).

The CAFO regulations also do not address certain discharges from CAFOs or those from unregu-
lated AFOs. While regulatory authorities and farm-service agencies may encourage unregulated
AFOs to voluntarily use manure in an agronomic fashion to avoid runoff, many are not required to
do so. Research suggests that producers often do not adopt these practices even when it would be
efficient to do so (USDA-NRCS, 2011; USDA-NRCS, 2013). Because of these reasons, current strat-
egies to address manure-related runoff have not yielded the discharge reductions desired. Meeting
TMDL agricultural-discharge reduction from AFOs may therefore require other policy instruments.

Nutrient trading programs can facilitate reductions in agricultural runoff and lower regulated point
sources’ costs of pollution control. Trades occur when entities with high discharge-reduction costs
pay low-cost dischargers to reduce pollution. As pollution discharge reduction costs at agricul-
tural operations are estimated to be lower per unit than those at wastewater treatment facilities,
nutrient trading programs generally posit agricultural operations as sellers of nutrient “credits,™
with wastewater treatment facilities as buyers (Chesapeake Bay Commission, 2012). However,
before selling credits, an agricultural producer must meet “baseline” requirements, which entail
lowering discharges below business as usual. Once they have met these baseline requirements, they
can reduce discharges further and sell representations of these reductions as credits. The discharge
reductions of meeting the baseline help to meet TMDL agricultural-loading reductions. The credits
sold represent loading reductions attributed to point sources. Because regulated point sources can
ostensibly purchase credits for lower costs than technological improvements, they can achieve their
loading reductions at lower cost.

The research on nutrient trading programs generally focuses on reductions of nutrient loadings from
crop-only operations (e.g., Ribaudo et al., 2014; Ribaudo and Gottlieb, 2011). This leaves unan-
swered questions regarding livestock-operation participation in nutrient trading and overlooks perti-
nent questions regarding differences between crop-only and livestock producers:

*  CAFOs have both nonpoint- and point-source discharges (see box, ‘“Point and Nonpoint-
Source Pollution”). As such, would they be buyers or sellers of credits? Could they reduce their
discharges from their nonpoint sources and use it to satisfy their point-source discharge reduc-
tion requirements?

* Since satisfying regulations is required to meet the baseline, how might CAFO regulations
change livestock operations’ participation in nutrient trading? Would the cost of satisfying
regulations hinder their entry into nutrient trading?

e Do reductions in manure have different costs than commercial fertilizer applications, and if
so, will this impact the ability of different types of agricultural producers to generate credits?
While farmers just applying commercial fertilizer may reduce costs if they reduce such appli-

“4For simplicity, we use the term “credits” to refer to any obligation to supply a unit of nutrient discharge reduction.
Pollution trading mechanisms generally distinguish between “offsets,” which are units of nutrient discharge reduction
supplied by unregulated entities (like agricultural producers) and sold to regulated entities (like wastewater treatment
facilities), and “credits,” which are bought and sold between regulated entitles. Both types of obligations are purchased so
that regulated entities can meet their discharge limits.
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cations, those generating manure may need to ship it offsite to reduce applications, resulting in
cost increases.

*  How would the fact that AFOs have less cropland impact their ability to generate credits from
reduction in nutrients to cropland?

Due to these differences, an examination of how livestock operations’ potential differences from
crop-only producers in nutrient trading is warranted to assess such programs’ usefulness in
reducing discharges from these entities. For details on how this report relates to the June 2014
report, An Economic Assessment of Policy Options To Reduce Agricultural Pollutants in the
Chesapeake Bay, see box, “Comparing Economic Research Service Reports Focus on Agriculture
and the Chesapeake Bay.”

Comparing ERS Reports on Agriculture and the Chesapeake Bay

In June 2014, the Economic Research Service published An Economic Assessment of Policy
Options To Reduce Agricultural Pollutants in the Chesapeake Bay,” by Marc Ribaudo, Jeffrey
Savage, and Marcel Aillery (ERR-166). The report, which explored policy solutions to agricul-
tural pollution in the Chesapeake Bay, was broken into three sections:

1. The authors analyzed crop-level data to estimate the costs of implementing different
policies to meet the load reduction required under the Chesapeake Bay total maximum
daily load (TMDL). They modeled several scenarios in which farm operators can choose
among practices to reduce agricultural loadings to the Chesapeake Bay.

2. Using this same crop-level data, the authors examined how baseline requirements for
nutrient trading influence participation in such a program and the generation and price of
tradable credits.

3. The authors modeled manure flows and costs of manure shipping within the Chesapeake
Bay watershed, given different farmer levels of willingness to accept manure.

The 2014 report indicated the importance of targeting policies to operations that were more
likely to pollute and emphasized the utility of leveraging markets for pollution reductions. Our
report and the earlier one share a regional focus and both explore issues related to nutrient trading
and manure management. This report builds on findings from the 2014 one, and provides a more
detailed examination of complexities involved in farm type, adding a number of elements to
the analysis of policy options to reduce Chesapeake Bay agricultural nutrient loadings, such as:

1. Providing a more extensive and updated picture of manure nutrient generation and live-
stock agriculture in the Chesapeake Bay watershed.

2. Focusing on farm-level features. In the case of livestock producers’ participation in
nutrient trading, farm-level features play important roles in operations’ ability to meet
nutrient trading baselines. The earlier report used the acre as the unit of analysis in the
report’s nutrient trading section. Farmers can adopt management practices for these indi-
vidual acres, but each acre is treated in isolation from the farm it is on.

3. Considering how implementation of nutrient management may differ between producers
that do and do not generate manure, in the context of reaching baseline requirements for
nutrient trading.
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Agriculture and Nutrient Discharge in the Chesapeake Bay

Chesapeake Bay agricultural nutrient pollution

Two of the main pollutants of concern in the Chesapeake Bay are the nutrients nitrogen and phos-
phorus. While these nutrients are beneficial to agriculture, landscaping, ecosystems, and land-based
production, they can cause problems if they are present in excess levels. Increased nitrogen and
phosphorus in surface water can lead to algae blooms, reducing the amount of oxygen in water and
impacting fish and other aquatic life. Some types of algal blooms can also be toxic, leading to public
health concerns.

Agricultural runoff is a significant contributor to Chesapeake Bay nutrient loadings. The EPA esti-
mates that all forms of agriculture are responsible for at least 39 percent of nitrogen and 57 percent
of phosphorus loadings to the Chesapeake Bay. In 2012, land application of livestock manure
accounted for 15 percent of that nitrogen and 37 percent of those phosphorus loadings (or 38 percent
and 74 percent of the “all forms of agriculture” nitrogen and phosphorus loadings) (figs. 1 and 2).

Nutrients are beneficial for crop growth and are a natural byproduct of livestock production. In a
traditional farm setting that incorporates crop and livestock production, nutrients are removed from
the soil by plants, which are fed to livestock. The livestock then replenish the soil nutrients with
manure. The nutrient balance breaks down if there are not enough nutrients to replenish the soil, or
if more nutrients are produced than can be used by the plants and soil.

Farms may generate more nutrients than they can assimilate when they have too many animals and
not enough land. Farms increasingly specialize in either crop or livestock production, hence farm-
level nutrient production may not match farm-level nutrient needs (Kellogg et al., 2000). Certain
types of livestock agriculture have also become more geographically concentrated, occasionally

in regions distant from the locus of crop production. Thus, nutrient balance can be disrupted at a
regional as well as a farm level. In part because of these influences, manure is no longer heavily
used as a fertilizer; for example, between 2003 and 2006, only 10 percent of U.S. acreage planted
with eight major crops received manure (Ribaudo et al., 2011). Instead, crop producers purchase
manmade fertilizers which have better nutrient consistency and can more readily be tailored to indi-
vidual crops’ needs.

When more manure nutrients are produced than can be assimilated on the farm or the region, they
may be over-applied to land, leading to nutrient runoff.> To avoid over-application, livestock growers
with less land than needed may ship manure to other locations or adopt a number of other prac-
tices. However, transporting manure off-farm is expensive and other farmers’ willingness to pay for
or even accept manure for free is often very low. Hence, manure has little value in many regions,
creating an incentive for some livestock producers to treat it as a waste and apply it above agronomi-
cally appropriate rates (Sheriff, 2005).

SFor simplicity, we use the phrase “manure nutrients” to refer to nutrients contained in both manure from hogs, cattle,
and other animals, as well as litter from poultry.
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Figure 1
Sources of nitrogen loadings to the Chesapeake Bay, 2012

Septic
3%

Agriculture,
legume fization
5%

Note: Table use of rice.
Source: U.S. Environmental Protection Agency, Chesapeake Bay Program, personal communication from Jeff Sweeney,
Integrated Analysis Coordinator, March 2014a.

Figure 2
Sources of phosphorus loadings to the Chesapeake Bay, 2012

Urban/suburban
fertilizer
6%

Source: U.S. Environmental Protection Agency, Chesapeake Bay Program, personal communication from Jeff Sweeney,
Integrated Analysis Coordinator, March 2014a.
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Nutrient pollution can also arise from livestock production facilities via a more direct method than
runoff from fields. Livestock production has increasingly moved to very large-scale confinement
operations with thousands of animals. Much of the manure generated at these operations is scraped
or flushed from animal-production areas into storage facilities, including manmade earthen ponds,
concrete or steel tanks, and manure piles. Many of the pollution discharges from livestock opera-
tions reported in the media occur when such storage facilities leak or overflow (e.g., Goldberg, 2007;
Wilson, 2008; Virkler, 2005).

These trends in excess manure nutrients have been an ongoing problem in the Chesapeake Bay area.
Using 2007 Census of Agriculture data, Ribaudo and colleagues (2014) found several county clus-
ters within the Chesapeake Bay States that generate high amounts of recoverable manure per acre of
spreadable land. Earlier research finds similar Chesapeake Bay watershed “manure hot spots” in the
Shenandoah Valley, the Delmarva® Peninsula, and Lancaster County, Pennsylvania (Chesapeake Bay
Foundation, 2004; Kellogg et al., 2000).

Overview of Chesapeake Bay agricultural land use and manure
nutrient generation

The 2012 Census of Agriculture tallies just over 105,000 farms’ in the Chesapeake Bay counties,
with over 12 million acres of crop and pasture land (72 percent of which is devoted to cropland
and the other 28 percent to pasture) (table 1). This agricultural land can agronomically assimilate
over 1.6 billion pounds (Ib) of nitrogen and 204 million Ib of phosphorus.® Manure is applied to 17
percent of this crop and pasture land, while fertilizer is applied to 42 percent of it.?

Figures 3 and 4 show how much nitrogen and phosphorus each county in the Chesapeake Bay water-
shed can agronomically assimilate via crops and pasture. The counties with the highest “uptake
capacities” are similar for nitrogen and phosphorus, as plants need both to grow. Areas with the
highest uptake capacities include the Bay counties in New York, Pennsylvania, Delaware, and parts
of Maryland.

Nearly two-thirds of the nearly 3.8 million animal units in the Bay are raised in confinement,”
yielding 234 million Ib of recoverable manure nitrogen and nearly 106 million b of recoverable

%“Delmarva” is short-hand for “Delaware-Maryland-Virginia.”

7According to the USDA’s National Agricultural Statistics Service, the agency that administers the Census of Agricul-
ture, a “farm” is any place from which $1,000 worth of agricultural products could be or is sold. Thus, a “farm” can refer
to operations even with very little farm output; approximately a quarter of farms in the Chesapeake Bay have $1,000 or
less in their total value of production.

8 Assimilative capacity is estimated using reported crop yields in 21 commodities as well as assumed uptake capacities
for two pasture acreage types. Roughly, the amount that can be assimilated for a commodity is estimated as the reported
crop yield multiplied by a nutrient uptake factor and a factor allowing for the fact that not all nutrients applied can be
used. See appendixes D and E for further details.

9The amount of manure-applied acres arises from the 2012 Census of Agriculture question on the number of crop or
pasture acres to which manure is applied. Due to the question’s wording, it is not possible to distinguish what percentage
of these acres is cropland versus pastureland. Prior research examining manure application just to crop acreage suggests
that manure was applied to just 10 percent of cropland in eight major crops across the United States in 2006 (Ribaudo et
al.,, 2011). The difference may arise due to a high percentage of manure-applied pastured acreage, an increase in manure
applications over time, or differences by region.

10Roughly, the number of animal units is estimated using the number of animals reported in inventory and the number
sold or removed to predict the average number of animals at the operation over the course of a year. This is multiplied by
a factor to denote average pounds of live weight per head. Confinement is predicted using the type of animal as well as
the ratio of animals to pasture acreage. See appendix A for further details.
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Table 1
Total farms, animal units, land use acreage, and nutrients, Chesapeake Bay agricultural
operations, 2012

Farms 105,188
Animal units’ 3,781,763

Pastured 1,419,390

Confined 2,353,678
Crop and pasture acreage 12,336,432
Fertilized crop and pasture acreage 5,133,858
Manure-applied crop and pasture acreage 2,086,513
Nitrogen assimilative capacity (Ib) 1,655,121,236
Phosphorus assimilative capacity (Ib) 204,136,044
Recoverable manure nitrogen produced (Ib) 234,488,615
Recoverable manure phosphorus produced (Ib) 105,719,955
Total onfarm excess recoverable nitrogen (Ib) 107,529,715
Total onfarm excess recoverable phosphorus (Ib) 63,583,035

TAn “animal unit” is a method of normalizing across different animal types and sizes. Roughly, one animal unit is equal to
1,000 Ib of live weight.
Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.

manure phosphorus. “Recoverable” in this scenario refers to the ability to capture the manure nutri-
ents and later apply them to land. Operations without confined livestock are assumed to not produce
any recoverable manure nutrients, as their manure management methods generally do not lend them-
selves to collecting wastes. Fertilizer is not considered recoverable; hence, operations that produce
no livestock do not generate recoverable nutrients. Manure at pasture-based operations is assumed

to be deposited directly on the land versus being collected for later application; thus, pasture-based
operations are also assumed to not produce any recoverable nutrients.

About a third of the estimated nitrogen and just over half of the estimated phosphorus excreted

by animals in the Chesapeake Bay watershed can be recovered for later use (figs. 5 and 6). While
nearly 90 percent of the manure nitrogen is excreted by animals at AFOs, a significant portion of
this cannot be recovered; it is lost in storage, transportation, and atmospheric volatilization. Twelve
percent of manure nitrogen is produced at non-AFOs like pasture-based operations. About 85
percent of manure phosphorus is produced on AFOs, but a greater fraction of this can be recovered;
phosphorus also is not lost to volatilization. Only 16 percent of manure phosphorus is produced by
animals at non-AFOs.

This recoverable nitrogen and phosphorus is largely generated in the Chesapeake Bay counties in
New York, Pennsylvania, and Delaware (figs. 7 and 8). Maryland’s Eastern Shore and Virginia’s
eastern edge in the Bay watershed are also places with relatively higher levels of recoverable manure
nutrient production.

8

Comparing Participation in Nutrient Trading by Livestock Operations to Crop Producers in the Chesapeake Bay Watershed, ERR-216
Economic Research Service/USDA



Figure 3
Nitrogen assimilative capacity on cropland and pastureland,
Chesapeake Bay watershed counties, 2012

Pounds of nitrogen assimilative
capacity per county
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Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service,
2012 Census of Agriculture.
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Figure 4
Phosphorus assimilative capacity on cropland and pastureland,
Chesapeake Bay watershed counties, 2012

Pounds of phosphorus assimilative
capacity per county

() 0-300,000

() 300,001 - 600,000
@ 600,001 - 1,000,000
@ 1,000,001 - 1,700,000

@ 1,700,001 or more ‘
Non-Chesapeake ‘

Bay Countis ’ \
s

lli

|

D
»

L\

g
N

B

-

a;s,‘-:g
%

||
.l
"

L

~

0
7

o~
SOy ]
%ﬁ."‘

[
S
o

<
L>)
N

NS,
4
S

Sy
e

‘;
/)
}’f
27

4
P
j;

Ve

2
»

(.
by
-

Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service,
2012 Census of Agriculture.

10

Comparing Participation in Nutrient Trading by Livestock Operations to Crop Producers in the Chesapeake Bay Watershed, ERR-216
Economic Research Service/USDA



Figure 5

Manure nitrogen excreted by livestock in the Chesapeake Bay,
by AFO status and recoverability, 2012

AFO = animal feeding operation.

Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.

Figure 6

Manure phosphorus excreted by livestock in the Chesapeake Bay,
by AFO status and recoverability, 2012

AFO = animal feeding operation.

Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.
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Figure 7
Recoverable manure nitrogen generation,
Chesapeake Bay watershed counties, 2012
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Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service,
2012 Census of Agriculture.
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Figure 8
Recoverable manure phosphorus generation,
Chesapeake Bay watershed counties, 2012
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Because the total amounts of recoverable manure nutrients generated are less than the amounts that
can be assimilated on cropland or pastureland (see table 1), conceivably all recoverable manure
nutrients generated in the Bay could be used there. However, this could only be the case if manure
served as a perfect replacement for commercial fertilizer and if there were no cost associated with
transporting it from the place it was generated to the place it could be used. Due to differences in
nutrient consistency, ease of handling, and ability to control nutrient losses, manure nutrients are not
a perfect substitute for commercial fertilizer (Ribaudo et al., 2011). Additionally, the high cost of
transporting manure relative to the value of the nutrients in manure can be prohibitive to its use.

While the nutrient balance at the watershed level suggests that all manure nutrients could be used
there, the farm level suggests a different story. Forty-six percent of recoverable-manure nitrogen and
60 percent of recoverable-manure phosphorus in the Bay are generated at operations that cannot

use those substances in an agronomic fashion. At these operations, the amount of manure nutrients
produced is greater than the amount that can be used by crops or pasture.

What types of livestock are produced in the Bay region? We characterize farms with livestock
according to type of animal and the animal’s pastured or confined status (see appendix A for
defining whether certain animal types are pastured or confined). While 54 percent of farms in the
Chesapeake Bay watershed have pastured animals, 62 percent of animals are confined (table 2).
Nearly a third of the Bay’s animals (by live weight) are confined dairy cows, with another 20 percent
being confined poultry. Approximately a quarter of the livestock are pastured beef cattle types.
Dairy cows and poultry constitute the largest portion of confined livestock in the Bay watershed area
(52 and 33 percent, respectively).

Table 2
Lai?/:stock production in the Chesapeake Bay area, 2012
Percentage Average Percentage
of farms with number of Percentage of confined
type of live- animal units of all animal animal units
stock by operation!  units in region in region
Confined 33.7 66 62.2 100.0
Beef cattle? 4.9 31 4.2 6.8
Dairy cows® 10.3 112 32.1 51.5
Swine 4.5 38 4.8 7.6
Poultry 18.9 39 20.5 32.9
Donkeys, sheep, goats, and horses 4.1 6 0.7 1.1
Pastured 53.8 25 37.5 0.0
Beef cattle? 26.0 34 24.5 0.0
Dairy cows® 8.8 25 6.2 0.0
Donkeys, sheep, goats, and horses 31.0 8 6.9 0.0
Specialty livestock® 3.0 3 0.2 0.0

Note: An “animal unit” is a method of normalizing across animal types and sizes. One animal unit is roughly equal to 1,000
Ib live weight. See appendix A for further explanation of calculating animal units.

TAverages for farms that have any of the specific animal type. 2Includes fattened cattle, veal, confined beef calves, confined
beef heifers, confined beef steer, and confined beef breeder cows. 3Includes dairy cows, confined dairy calves, confined
dairy heifers, and confined dairy steer. 4Includes pastured beef calves, pastured beef heifers, pastured beef steer, and pas-
tured beef breeder cows. SIncludes pastured dairy calves, pastured dairy heifers, and pastured dairy steer. éIncludes bison,
deer, elk, llama, mink, rabbit, emu, geese, ostriches, pheasant, pigeons, and quail.

Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.
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Dairy cows and poultry operations are concentrated in different portions of the Chesapeake Bay
watershed. Figure 9 shows the counties in the Chesapeake Bay watershed as well as the relative
number of dairy animal units, while figure 10 shows the relative number of poultry animal units.
Most dairy cows and heifers are in New York and Pennsylvania, while poultry are concentrated in
Delaware, the Eastern Shore of Maryland, portions of western Virginia, and southern Pennsylvania.

The type of livestock varies with the size of the operation and the level of animal confinement. Size
classes are defined by EPA regulations.!' Large and medium AFOs are most likely to have poultry,
while small AFOs are most likely to have dairy cows (table 3). Note that livestock operations may

Table 3
Percentage of operations with different types of livestock and average number of animal
units, by type of operation, Chesapeake Bay counties, 2012

Percent of operations with type of animal

Confined Pastured
Don- Don-
keys, keys,
sheep, sheep, Spe-
goats, goats, cialty
Beef Dairy and Beef Dairy and live-

cattle cows? Swine Poultry horses | cattle® cows* horses | stock®

Some livestock
but not likely to be

confined 4 3 6 26 6 46 2 53 5
Small AFOs 20 71 6 28 9 11 61 27 2
Medium AFOs 8 23 12 73 3 18 17 10 1
Large AFOs 8 20 17 73 4 19 14 12 0
Average number of animal units, operations with type of animal unit
Confined Pastured

Don- Don-

keys, keys,
sheep, sheep, Spe-
goats, goats, cialty
Beef Dairy and Beef Dairy and live-

cattle cows? Swine Poultry horses | cattle? cows® horses | stock®

Some livestock
but not likely to be

confined 7 3 2 0.2 4 31 3 8 3
Small AFOs 48 88 40 26 11 57 22 7 1
Medium AFOs 97 433 229 210 6 85 93 7 2
Large AFOs 142 1,495 697 612 3 114 247 5 2

AFOs = animal feeding operations.

Note: Four percent of operations have some livestock that are not likely to be confined and have confined fattened cattle
and veal calves. Rows do not sum to 100 percent because farms can have more than one type of livestock.

TIncludes fattened cattle, veal, confined beef calves, confined beef heifers, confined beef steer, and confined beef breeder
cows. 2Includes dairy cows, confined dairy calves, confined dairy heifers, and confined dairy steer. 3Includes pastured
beef calves, pastured beef heifers, pastured beef steer, and pastured beef breeder cows. 4Includes pastured dairy calves,
pastured dairy heifers, and pastured dairy steer. ®Includes bison, deer, elk, llama, mink, rabbit, emu, geese, ostriches,
pheasant, pigeons, and quail.

Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.

l1See appendixes A, B, and C and the later subsection “Federal Clean Water Act Concentrated Animal Feeding Rules.”
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have more than one animal type. To translate some of the animal units into number of head, the
average large poultry AFO in the Bay area has approximately 230,000 birds in inventory, while the
average large dairy AFO has about 950 cows and heifers that have calved. Small and medium dairy
AFOs have about 115 and 290 cows, respectively. Small and medium poultry AFOs have about
10,000 and 80,000 birds, respectively.

Because they constitute the largest shares of confined livestock in the Bay area, dairy cows and
poultry also contribute the largest shares of recoverable manure nutrients. Dairy cows contribute an
estimated third (35 percent) of the recoverable manure nitrogen in the Chesapeake Bay watershed
(fig. 11). Poultry generate an estimated 60 percent, with the other livestock types contributing far
less. These percentages are similar for phosphorus (fig. 12).
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Figure 11
Recoverable manure nitrogen generation, by animal type, Chesapeake Bay, 2012
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Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.

Figure 12
Recoverable manure phosphorus generation, by animal type, Chesapeake Bay, 2012
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Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.
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Manure and fertilizer application by type of Chesapeake Bay
agricultural operation

Increasing specialization in agricultural production has yielded operations that focus on specific
types of production. Roughly, these can be divided into crop versus livestock production. Table 4
shows Chesapeake Bay agricultural operations by size and crop versus livestock specialization.
AFOs constitute 15 percent of the farms in the Chesapeake Bay region in 2012. Pasture operations
constitute approximately half of farms, while crop farms with less than 100 acres of cropland make
up about a quarter. The remainder is in crop farms with more than 100 acres of cropland. Despite
constituting a relatively small percentage of farms in the Bay watershed, large crop farms and small
AFOs each cover about a fifth of the crop and pasture acreage. Operations with unconfined livestock
have the largest share of crop and pasture acreage, largely because of pastureland.

AFOs cover a large and disproportionate share of manure acreage in the Chesapeake Bay water-
shed. Although they constitute only 15 percent of all agricultural operations and cover only

30 percent of crop and pasture acreage, they control 63 percent of manure-applied acres in the
region. Small and medium AFOs account for 56 percent of manure acreage. Interestingly, AFOs
also manage 38 percent of fertilized crop and pasture acreage, an indication that they are not just
replacing fertilizer with manure.

A primary concern related to excess manure nutrients is AFOs that have no land on which to apply
manure. Most AFOs (92 percent) do have crop or pasture acreage, but the 8 percent with none will
automatically have excess manure nutrients (see table 4). The percentage of AFOs with no land on
which to spread manure increases with size; 22 percent of large AFOs in the Bay region have no
crop or pasture acreage.

Table 4
Land use by type of Chesapeake Bay agricultural operation, 2012

Percentage in region Percentage of farms with any...

Crop and Manure- Fertilizer- | Crop and Manure- Fertilizer-
pasture  applied applied | pasture  applied applied

Operations with... Farms | acreage acreage acreage | acreage acreage acreage
Percent

All 100 100 100 100 96 27 42

No livestock -- less than 100 27 8 > 4 95 9 33

acres of cropland

No livestock -- 100 or more 6 03 11 35 100 50 78

acres of cropland

Some I|ve§tock but not likely 50 39 o3 23 97 57 35

to be confined

All animal feeding operations

(AFOs) 15 30 63 38 92 60 69
Small AFOs 12 20 41 24 95 65 73
Medium AFOs 2 7 15 10 81 44 53
Large AFOs 1 3 7 5 78 39 55

Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.
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AFOs are more likely than other types of farms to apply manure, but not all of them do. Only 60
percent of AFOs report applying manure to cropland or pastureland, despite the fact that 92 percent
of them have such land. A greater percentage (69 percent) reports applying fertilizer. What do the
other 40 percent of AFOs do with their manure? Some operations (8 percent) have no agricultural
land on which to apply manure. Others may ship all of their manure off-farm, although this practice
is not widespread (Key et al., 2011; MacDonald et al., 2009; Ribaudo et al., 2003). Some operations
may not have land suitable for manure application (Ribaudo et al., 2003). The numbers suggest that a
significant portion of farms that generate manure nutrients do not use any of it onsite.

Even when operations apply manure, they apply it to less acreage than when they apply fertilizer.
Table 5 shows the average number of crop or pasture acreage for farms with any such land. Farms
that apply manure on average apply it to 49 percent of their land, but farms that apply fertilizer apply
it to 61 percent of their land. While crop-only operations have higher percentages of fertilized than
manure-applied land, rates for AFOs are roughly similar. AFOs apply manure to 59 percent and
fertilizer to 66 percent of their land, while large crop-only farms that apply manure do so to only 40
percent of their land, and those that apply fertilizer do so to 72 percent of their land.
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Nutrient uptake and manure nutrient generation by type of
Chesapeake Bay agricultural operation

A further understanding of the relative pollution from AFOs comes from the estimated amount of
recoverable manure nutrients generated at each farm and the amount of nitrogen and phosphorus that
could be applied without nutrient buildup at each farm, given crop yields (the assimilative capacity).
While AFOs constitute 42 percent of estimated nitrogen and 39 percent of the estimated phosphorus
uptake capacity, they generate all of the recoverable manure nutrients (by assumption) (table 6).

Examination of the average practices at AFOs provides an indication of the relative amounts of
nutrients produced via manure compared to onfarm assimilative capacity. Across all AFOs, the
average assimilative capacity for nitrogen is greater than the average amount produced (44,913 1b
versus 15,182 Ib) (table 7). However, 10 percent of operations have no assimilative capacity, largely
because these operations have no crop or pasture acreage. Comparison of the averages also hides the
fact that 26 percent of AFOs generate more manure nitrogen than they can assimilate on their land.
These percentages increase with the size of an AFO, such that over two-thirds of large AFOs have
excess manure nitrogen.

The averages also hide the fact that for those operations with any assimilative nitrogen capacity, the
ratio of recoverable manure nitrogen to assimilative capacity is 13. This means that for every unit of
onfarm assimilative capacity, there are 13 units of manure nitrogen that are produced. Operations
with little assimilative capacity produce similar quantities of recoverable manure nitrogen to opera-
tions with greater assimilative capacity, leading to the high ratio of manure nutrients produced to
assimilative capacity.!? This ratio increases by the size of an AFO; large AFOs have a ratio of 91 Ib
of manure nitrogen produced for each pound of onfarm nitrogen assimilative capacity.

Table 6
Estimated nitrogen and phosphorus generation and uptake, Chesapeake Bay operations,
2012

Percent of Percent of
Percent of recoverable Percent of recoverable
nitrogen manure phosphorus manure
assimilative nitrogen assimilative  phosphorus
capacity in  produced in  capacity in  produced in
Type of Farm region region region region
All 100 100 100 100
No livestock -- Less than 100 acres of cropland 4 0 4 0
No livestock -- 100 or more acres of cropland 32 0 30 0
Some livestock but not likely to be confined 23 0 27 0
All animal feeding operations (AFOs) 42 100 39 100
Small AFOs 26 31 24 30
Medium AFOs 10 39 9 40
Large AFOs 6 30 5 30

Note: Uptake capacity refers to 23 different crop and pasture categories; see text for more detail.
Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.

12The bottom third of AFOs with any assimilative capacity includes those with between 1 and 4,212 pounds of nitro-
gen capacity. These operations generate, on average, 16,410 pounds of recoverable manure nitrogen. The top third have
more than 9,648 pounds of assimilative capacity, but generate 13,628 pounds of recoverable manure nitrogen.
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Table 7
Estimated nitrogen and phosphorus generation and uptake, Chesapeake Bay animal feed-
ing operations, 2012

Nitrogen
Average ratio:
Percentage recoverable

Average assim- Average recov- with any nitro-  nitrogen/assimila- Percent of

ilative capacity erable nitrogen  gen assimila- tive capacity of farms with ex-
Type of farm of nitrogen (Ib)  produced (Ib) tive capacity nitrogen’! cess nitrogen
All AFOs 44,913 15,182 90 13 26
Small AFOs 35,860 5,874 94 3 15
Medium AFOs 62,140 34,947 76 49 63
Large AFOs 149,060 113,623 74 91 69

Phosphorus
Percent- Average ratio:

Average assim- Average age with any recoverable Percent of

ilative capacity recoverable phosphorus phosphorus/as- farms with

of phosphorus phosphorus assimilative similative capacity  excess phos-
Type of farm (Ib) produced (Ib) capacity of phosphorus? phorus
All AFOs 5,133 6,851 90 20 46
Small AFOs 4,085 2,580 94 6 37
Medium AFOs 7,118 16,204 76 76 81
Large AFOs 17,229 50,816 74 125 87

AFOs = animal feed operations.

Note: Nutrient uptake capacity refers to 23 different crop and pasture categories; see text for more detail.

Just farms with non-zero nitrogen assimilative capacity. 2Just farms with non-zero phosphorus assimilative capacity.
Source: USDA, Economic Research Service calculations based on USDA, National Agricultural Statistics Service, 2012
Census of Agriculture.

The si