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ABSTRACT
Silvopasture is the planned and managed agroforestry system in which
forage, livestock, and trees or shrubs are integrated in order to enhance individual
components. Silvopasture has been identified as the most promising agroforestry
system for the Pacific Northwest and Southeast United States. However, there have
been few studies describing the economic viability of silvopasture in these regions.
There are two objectives explored in this study: first, to determine the potential for
silvopasture as an economically viable income source to farmers in eastern North
Carolina and northeastern Oregon by calculating the Land Expectation Value (LEV),
Net Present Value (NPV), Internal Rate of Return (IRR), and Annual Expectation
Value (AEV), of realistic silvopastoral management regimes, compared to
traditionally managed timber or livestock farms; second, to explore whether

silvopasture can store as much or more carbon than a traditionally stocked timber
plantation, and whether profits from sequestered carbon are possible at this time in
the United States.
The most profitable silvopasture regimes for eastern North Carolina were
cool season grasses combined with loblolly pine at a four percent real discount rate
(LEV = $1,025 per acre) and cool season grasses combined with longleaf pine at a
four percent real discount rate (LEV = $285 per acre). Traditionally stocked loblolly
pine at a four percent real discount rate accrued an LEV of $1,777 per acre, while
longleaf pine had negative returns (LEV = -$143 per acre). The cattle standard
model for eastern North Carolina accrued an LEV of $2,069 per acre at a four
percent real discount rate.
The most profitable silvopasture regime for northeast Oregon was native
forage establishment with ponderosa pine at a four percent real discount rate (LEV
= $274 per acre). Planted ponderosa pine had negative returns for all economic
indicators (LEV at four percent real discount rate = -$411). The cattle standard
model accrued an LEV of $954 per acre at a four percent real discount rate. Models
suggest loblolly pine timber management and cattle management is more profitable
than silvopasture management in eastern North Carolina. Additionally, cattle
management is more profitable than silvopasture in northeastern Oregon. Longleaf
pine and ponderosa pine are not profitable when solely managed for timber, and
benefit economically when combined with livestock.

There is a growing appreciation for ecosystem services from Silvopasture in
the scientific and public community. Tree canopy provides shade and a barrier from
adverse weather for livestock herds. Silvopasture can also aid in increased
biological diversity, reduced erosion, increased nutrient uptake, and enhanced
carbon sequestration. In addition, silvopasture has the potential to store significant
amounts of carbon, which benefits society as a whole. Therefore, it is amenable to
include the social externalities of profitability in cash flow analyses. Currently there
are only voluntary cap and trade markets. The most well-known is arguably the
California Air Resources Board (ARB), regulated by the California Environmental
Protection Agency. Unfortunately, silvopasture does not qualify at this time for
carbon markets in the United States.
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History of Farming in the United States and the Option for an Alternative
Farming System
The interconnectedness and globalization of food through the Green Revolution
of the 1960s and federal support of large farms through the Farm Bill, has resulted
in many unforeseen positive and negative consequences. Namely, increased food
yields, decreased labor, increase in average caloric intake, and increased life
expectancy (Evenson & Gollin 2003). The cost of these technological advances has
come in the form of altered biogeochemical cycles, soil degradation (Evenson &
Gollin 2003), a decreased labor force (Barnett 2014), and dependency on federal
subsidies (Eubanks 2009). Agroforestry is one possible solution to alleviating many
of the problems associated with intensive agriculture.
In 1776, soon after the United States declared independence from England,
Thomas Jefferson encouraged a “national agrarian identity” (Eubanks 2009). In
fact, by 1801 approximately 95% of the U.S. population worked full-time in the
agricultural sector (Eubanks 2009). From 1801 to 1910 the number of people
working and living on farms dropped from 95% to 45% (Eubanks 2009). By the
mid 1930’s one in four American’s lived on farms (Eubanks 2009). This was the era
plagued by the Great Depression and “Farm Crisis,” where families suffered from
dust and floods (Eubanks 2009). One would assume that the Farm Crisis was
caused by too little food, but in actuality was triggered by overproduction of food
(Eubanks 2009). Over-planting in the roaring 20’s, combined with technological
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mechanization, led to overproduction of most crops (Eubanks 2009). The surplus in
foodstuffs benefited distributors and processors, yet curtailed profits for farmers
(Eubanks 2009). Domestic and global crop prices fell; by 1933 the price of corn
had no value, and grain elevators refused to buy surplus (Eubanks 2009).
The Farm Bill, originally named the Agricultural Adjustment Act (AAA), was
the first federal intervention in agricultural commodity markets temporarily
enacted in 1933 to protect small farms (Eubanks 2009; Barnett 2014; Cain &
Lovejoy 2004). The Farm Bill is a colloquial term for omnibus legislation that
authorizes various government programs related to an array of agriculture and
food programs (Johnson & Monke 2014; Barnett 2014). Since the 1933 AAA was
enacted, Congress has been required to pass a new Farm Bill every five to seven
years when the bill expires, or allow the bill to lapse into pre-Farm Bill agricultural
policy (Eubanks 2009; Windham 2007). The goals of the original act were to
support family famers by reducing overproduced crops, utilizing surplus crops to
combat hunger and providing nutrition assistance to school lunch programs,
preventing erosion and soil loss, providing crop insurance and credit for
subsistence farmers, and building community infrastructure (Eubanks 2009).
Gross farm income increased by 50% in the first three years of enactment, however
most income was artificially supported by government subsidies (Eubanks 2009).
In 1938 the AAA was amended to include the Federal Crop Insurance
Program, which was later expanded in the 1990s (Barnett 2014). World War II
increased the demand for food and stabilized crop prices (Cain & Lovejoy 2004). In
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1949 there were about five million farms across the U.S. which each planted a
diversity of crops including grains, vegetables, fruits and livestock (Eubanks 2009).
Small numbers of livestock were an integral part of farm life to provide meat and
dairy, as well as fertilizer (Eubanks 2009). One hundred crops received subsidy
support, which gave farmers choices regarding, “what and how to cultivate”
(Eubanks 2009).
The Green Revolution began after World War II, which is considered the
marking point of plant breeding, hybridization, synthetic pesticides and herbicides
and new mechanization techniques (Eubanks 2009). As supporters of the Green
Revolution, Evenson and Gollin (2003) assert consumers worldwide have
experienced and benefited from a decrease in food prices. They state that average
global caloric intake has risen, resulting in healthier people and increased life
expectancy (Evenson & Gollin 2003). Furthermore, countries with access to
technology have significantly increased food yields and reduced labor for
landowners (Horwith 1985). However, Evenson and Gollin (2003) acknowledge
the environmental consequences of soil degradation, chemical pollution, aquifer
depletion, and increased soil salinity of intensive land management practices.
While there are many positives that should not be overlooked with the advent of
modern technology, the sustainability of these practices must be taken into
consideration (Evenson & Gollin 2003).
Before the Green Revolution, farmers would typically rotate cash crops such
as corn with nitrogen fixing leguminous species, or leave fields fallow (Horwith
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1985). With the advent of specialized modern machinery, farmers no longer found
it profitable to utilize mixed land use or take land out of production for fallow.
In the 1970s there was another increase in produce yield, which depressed
crop prices (Eubanks 2009). This time the government did not intervene to protect
family farmers (Eubanks 2009). Large farms purchased foreclosed family farms at
below market rates and joined forces with other large farms and food processors to
create what we now know as agribusiness (Eubanks 2009). In addition
agribusiness banded with federal legislators from the Southeast and Midwest
states, and together with the Secretary of Agriculture, Earl Butz, permanently
changed the trajectory of agricultural policy (Eubanks 2009; Windham 2007). Butz
is known for encouragement of industrial megafarms that prioritize yield over
environmental impact (Eubanks 2009; Windham 2007). His policy was “Get big or
get out,” meaning farming should be big business and family farms must, “adapt or
die” (Eubanks 2009; Windham 2007).
In 1972 Russians were suffering from food scarcity and consequently
purchased grain from the United States, which ensured high demand (Cain &
Lovejoy 2004). Butz urged farmers to plant from “fencerow to fencerow” to
maximize yield, and in turn encouraged landowners to remove shelterbelts,
windbreaks, filterstrips and contours (Eubanks 2009). Forests were reduced and
wetlands were drained, all with direct assistance and financial support of the
United States Department of Agriculture (USDA) (Eubanks 2009). In 1973 the
Farm Bill removed government loans for family farms, which supported many
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farmers, because these loans did not need to be repaid in times of drought or flood
(Eubanks 2009). Small farmers declared bankruptcy and suicide rates skyrocketed
(Eubanks 2009).
Additionally, the same year Direct Farm Crop Payments were signed into
legislation to encourage farmers to plant for maximum yield (Eubanks 2009).
Direct payment subsidies encouraged farmers to sell corn at any price because the
government, and therefore taxpayers, would make up the difference (Eubanks
2009). According to Eubanks, “If taxpayers realized that a substantial chunk of
their tax dollars provided subsidies to large corporations and wealthy megafarms
for crops that are not in demand in our nation, taxpayers would be outraged”
(Eubanks 2009). Between 1997 and 2006 taxpayers spent $172 billion on
commodity subsidies (Eubanks 2009). Farm organizations and agribusiness
argued that federal farm programs were necessary to compete with governmentsubsidized farmers in foreign countries such as Japan (Barnett 2014).
Five major crops control the commodity subsidy market: corn, cotton, rice,
soybeans and wheat (Eubanks 2009). The Federal Crop Insurance Reform Act of
1994 introduced a low-level catastrophic (CAT) yield insurance policy that
provided “free of premium” insurance to farmers who produced major crops
(Barnett 2014). The 1996 Farm Bill introduced fixed direct payments that did not
vary with commodity prices, meaning farmers were paid regardless of yield or
market losses (Barnett 2014). The fixed direct payments were put in place with
intentions of discontinuation, however due to a fall in commodity prices in 1998
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policymakers increased this legislation from 1998 through 2000 (Barnett 2014). In
addition, in 1996, Congress approved $30.5 billion in emergency agricultural
assistance, later landing the Freedom to Farm Act the nickname, “Freedom to Fail
Act” (Windham 2007).
Before the most recent Farm Bill enacted in 2014, large corporations, nonfarming homeowners and absentee landowners received about 67% of all subsidy
payments, while two million farmers received little to no assistance (Eubanks
2009). According to Windham, over two-thirds of farm subsidy payments go to the
top ten percent of recipients (Windham 2007). Eubanks confirms similar numbers:
three in five family farms received no subsidies, while the richest five percent
received an average of $470,000 annually (Eubanks 2009).
Approximately one percent of the population lives on commercial grade
farms yet megafarm annual household income far exceeds that of the general
population (Barnett 2014). In 2012, the average income of U.S. commercial farm
households was $108,844 compared to $71,274 for the general population (Barnett
2014). Furthermore, U.S. agriculture accounts for almost 15% of America’s total
economic activity and creates the foundation for a one trillion dollar food and fiber
business with about sixty billion attributable to annual exports (Windham 2007).
Barnett believes there are two major reasons why federal farm programs have
continued: (1) Costs of federal farm programs are diffused across taxpayers who do
not have sufficient economic incentive to actively oppose the programs and (2)
Farm organizations and political supporters have slowly changed their arguments

7
to fit evolving “social and political climates,” often using buzz words such as risk
management, world food shortages, and the need for a level playing field (Barnett
2014).
In 2002 direct payments were at a fixed price and legislation was not
written to automatically increase payments to farmers when commodity prices
were low (Barnett 2014). Thus, legislature took the funds that had been used in
previous years for additional direct payments and used them to fund a new federal
program that provided payments countercyclical to commodity prices (Barnett
2014). In other words, farmers could receive federal payments to compensate for
low prices on commodities that they were no longer producing because the
payments were tied to the potential yield assigned to the base acre (Barnett 2014).
The major addition to the 2008 Farm Bill was the Supplemental Revenue
Assistance (SURE) program, a farm disaster program (Barnett 2014). While the
Farm Bill has evolved over time to include a plethora of subsidy and insurance
programs to ensure plentiful food crops, it has resulted in environmental
degradation and health concerns for the general population.
One relevant example of potential environmental hazard is Confined Animal
Feeding Operations (CAFOs), which are regulated through the Farm Bill and other
agricultural policies (Eubanks 2009). CAFOs came into existence with the
emergence of commodity crop megafarms due to the surplus of corn grown
(Eubanks 2009). In 2010 U.S. farmers grew 12.4 billion bushels of corn (National
Corn Growers Association). It is expected by 2020 that 17 billion bushels will be
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grown on approximately 83 million acres of land in the United States (National Corn
Growers Association). Currently, sixty-six percent of all corn grown in the U.S. is fed
to livestock in CAFOs, meaning over eight billion bushels of corn are fed to
ruminants (National Corn Growers Association; Eubanks 2009). As mentioned
previously, small farms had limited numbers of livestock for diverse use, including
fertilizer for crops (Eubanks 2009). Cereal grains are not necessary for ruminant
production on a small scale, but are necessary in order to increase productivity and
efficiency in CAFOs (Oltjen & Beckett 1995). Large-scale slaughter operations were
nearly impossible before the Green Revolution because of higher land requirements
necessary to feed ruminants sufficient amounts of fodder before slaughter (Eubanks
2009). The Green Revolution increased cereal grains, which is why we are capable
of increasing ruminant weight on less land.
It is common for intensive livestock operations to raise thousands to
hundreds of thousands of animals that produce enormous quantities of manure
(Marks 2001). A single hog produces two to four times the amount of waste as a
human, and a dairy cow can produce up to 23 times the amount of waste as a
human (Marks 2001). Like fertilizer run-off on crop farms, CAFO animal waste has
the potential to pollute adjacent water bodies and must be managed appropriately
(DeLaune, MacDonald, & Auvermann 2012; Eubanks 2009). The Environmental
Protection Agency adopted feedlot effluent guidelines in the 1970s, which require
zero discharge and a federal permit system for feedlots larger than 1,000 heads of
cattle (DeLaune, MacDonald, & Auvermann 2012). Furthermore, legislation passed
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in the 2002 Farm Bill granted subsidies to corporate feedlots authorizing use of tax
dollars to pay for up to 75% of building costs for animal sewage facilities (Eubanks
2009). Nevertheless, Eubanks (2009) believes taxpayers should be outraged, as
CAFO industry should be responsible for waste planning prior to the construction
of the facility.
Many recently built lagoons can meet the capacity of a 24-hour, 25-year
storm event, however several days of rain can compromise the waste retention
system (Marks 2001). Such events have occurred: in 1995 a North Carolina hog
farm waste lagoon burst, releasing between 25 and 35 million gallons of excrement
into the New River, killing 10 million fish and closing 364,000 acres of coastal
wetlands to shellfishing (Marks 2001; Eubanks 2009). In 1997 animal feedlots
were responsible for 2,391 manure spills in Indiana (Marks 2001). In 1998, one
hundred thousand gallons of excrement spilled into Beaver Creek, Minnesota,
killing up to 700,000 fish (Marks 2001). Recently, in October 2014, 10,000 gallons
of excrement from a hog farm in Missouri spilled into Mark Twain National Forest
(Keller 2014). Furthermore, inactive lagoons still pose a threat to groundwater
(Marks 2001). North Carolina’s Department of Environment and Natural Resources
(NCDENR, now known as the North Carolina Department of Environmental Quality,
NCDEQ) inventoried 1,142 inactive lagoons and determined that 39 lagoons were
at high risk, in that they were already overflowing or had a high likelihood of
overflowing (Marks 2001).
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Consumers are becoming increasingly concerned about health, food safety and
the environment, which has promoted a rise in organic food sales and local food
movements (Windham 2007). For example, improper use of fertilizer leads to
excess nitrogen and phosphorus runoff into freshwater stream bodies leading to
eutrophication and hypoxia (Elser 2007). Numerous studies have linked breast
cancer, prostate cancer, brain and nervous system disorders and other immune
system disruptions to the use of pesticides (Windham 2007). Furthermore,
conventional agricultural practices contribute to rising concentrations of nitrate in
groundwater, caused when an accumulation of nitrate forms in the soil profile
(Bambo et. al. 2009). Nitrate in drinking water is a leading cause of blue baby
syndrome, when infants become cyanotic from low oxygen saturation in the blood
(Knobeloch et al. 2000). Windham (2007) writes, “When spring rains wash the
nitrogen rich fertilizers used on Iowa corn crops into downstream rivers, cities like
Des Moines are forced to issue blue baby alerts that warn parents it is unsafe to
give their children water from the tap.”
Agroforestry is a potential alternative to traditional food production.
Agroforestry is a mixed land use system that can contribute to sustainable food
production, environmental and human health, and economic profitability (Sharrow
2008 b). There are five agroforestry practices recognized by the USDA: (1)
windbreaks, (2) alley cropping, (3) forest farming, (4) riparian buffers, and (5)
silvopasture. Silvopasture has been identified as the most promising agroforestry
regime for the Pacific Northwest and Southeast by Mercer et al. (2014), Hamilton
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(2008), Husak and Grado (2002), Sharrow (1997), Elser (2007), and Brandle,
Hodges & Zhou (2005).
There are two objectives identified in this study: first, to determine the
potential for silvopasture as an economically viable income source to farmers in
North Carolina and Oregon by calculating the Land Expectation Value (LEV), Net
Present Value (NPV), Internal Rate of Return (IRR), and Annual Expectation Value
(AEV), of realistic silvopastoral management regimes, compared to traditionally
managed timber or livestock farms. Additionally, silvopasture can provide many
ecosystem services, including acting as a carbon sink through tree planting that can
offset global climate change. Second, this study aims to explore whether
silvopasture can significantly store more carbon than a traditionally stocked timber
plantation, and whether profits from sequestered carbon are possible at this time
in the United States.

Agroforestry Definition
Agroforestry is a land use system that intentionally integrates trees and/or
shrubs into traditional crop and animal production either simultaneously or
sequentially on the same unit of land, which interacts at economic, ecological, and
social scales (Sharrow 2008 b; Alavalapati, Nair & Barkin 2001). This document will
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refer to agroforestry as an
agroecosystem or alternative
land use, and focuses on
silvopasture systems;
agroforestry as a whole
encompasses windbreaks,
riparian buffers, forest
Figure 1: Silvopasture in Kenly, North Carolina with Black
Hereford, mixed hardwood, and Loblolly pine

farming, and alley cropping. A
successful agroforestry system

must be biologically possible (Sharrow 2008 b), meaning all components should
interact positively to increase yield or diversify production. Agroforestry should be
economically feasible (Sharrow 2008 a), or the land used for multi-use production
should generate the equivalent or exceed net benefits of a monoculture system
(Godsey et al. 2009; Mercer et al. 2014). Agroforestry should lend itself towards
environmental sustainability (Sharrow 2008 a), such as reduced fertilizer and
pesticide needs, increased water infiltration or reduced soil erosion (Bishaw,
Emmingham & Rogers 2002). Lastly, agroforestry must be socially acceptable for
all parties involved: including farmers, neighbors, and consumers (Sharrow 2008 a;
Murray & Bannister 2004).
Agroforestry aims to scientifically describe traditional knowledge (Kelso
2011; Alavalapati, Nair & Barkin 2001). Before the advent of monoculture,
traditional agricultural practices tended to be rich in plant diversity, and provided a

13
number of ecosystem services that minimized synthetic inputs (Kelso & Jacobson
2011). Throughout the world farmers have preserved the tradition of growing
crops under trees, however scientific study of agroforestry started only about three
decades ago in the tropics and even later in the temperate zone (Alavalapati, Nair &
Barkin 2001). According to Godsey (2008), capital-intensive monoculture is here
to stay. However, fine-tuning current practices by incorporating agroforestry
principles including row cropping, windbreaks, riparian buffers, forest farming and
silvopasture can offset negative environmental and social impacts, as well as
provide solutions to problems modern agriculture and forestry have not been able
to address alone (Alavalapati, Nair & Barkin 2001).
Silvopasture is the planned and managed agroecosystem in which forage,
livestock, and trees or shrubs are integrated in order to enhance individual
components, which has been practiced in both tropical and temperate regions
(Sharrow 1997; Nair 2012). According to Sharrow, trees can produce timber
products, forage for livestock and fruits or nuts, while benefitting livestock by
slowing wind speeds and providing shade (Sharrow 1997). Livestock provide
saleable meat, consume understory weeds in order to control tree/forage
competition, as well as provide limited elements such as nitrogen, phosphorus,
potassium and sulphur through nutrient cycling in the form of manure and urine to
enhance tree production (Sharrow 1997). For example, a study conducted on a
one-acre grass-legume/Douglas-fir (Pseudotsuga menziesii) silvopasture system in
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Western Oregon produced as much forage and timber as 1.6 acres of comparable
forest only and pastureland only grown on separate plots of land (Sharrow 1997).
A primary worry that landowners express is that livestock will negatively
impact tree seedlings, therefore reducing economic viability. Brandle, Hodges and
Zhou (2005) state, “ …(silvopasture systems) are common in the pine forests of the
southeastern United States, the conifer forests of the Pacific northwestern United
States and are used in a number of situations in the Pine Ridge area of
northwestern Nebraska.” Many worry that cattle can damage tree seedlings,
therefore reducing the timber value (Brandle, Hodges & Zhou 2005). The purpose
of the study conducted by Brandle, Hodges & Zhou (2005), was to demonstrate the
interaction of cattle and trees in silvopastoral systems in eastern Nebraska on a
ponderosa pine stand to determine the effect of grazing on tree performance.
Results indicate little difference in tree growth among grazed and ungrazed plots
(Brandle, Hodges & Zhou 2005). However, silvopasture requires more skill and
management by the landowner to ensure a thriving agroecosystem.

Calculating Economic Potential for Silvopasture
Silvopasture has the potential to, “improve overall economic performance of
a farm enterprise through diversification and maintaining biodiversity” (Hamilton
2008). Furthermore, a well-managed silvopasture system can provide shade for
livestock, which can create a higher feed to meat conversion; as well as produce
pine straw for landscaping to sell to local markets, increase opportunity for
recreation, and enhance aesthetics and property value (Hamilton 2008). Experts
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consider silvopasture the most promising agroforestry system that can be
implemented on a large scale in the temperate region (Mercer et al. 2014).
Silvopasture deliberately manages to produce a high-value timber product in the
long term while providing an annual economic benefit from livestock (Hamilton
2008). Forestland owners historically could count on periodic thinnings for income
while waiting for higher yield sawtimber to mature; however, due to the decreased
price of pulpwood in the southeastern United States, traditional densely stocked
pine plantations may not be the most cost-effective management system (Hamilton
2008). Before implementing a silvopastoral system individuals should understand
local land use zoning, cost-share programs, and tax regulations associated with
forest and agricultural lands (Hamilton 2008). Most agroforestry systems take
three to six years before benefits begin to be actualized, compared to a few months
for annual crops (Mercer et al. 2014).
Discount Rates and Capital Budgeting
A discount rate is the rate of return an investor must receive to justify any
investment (Mendell 2006). The term has many names including: capitalization
rate, cap rate, hurdle rate, and cost of capital, to name a few (Mendell 2006). Risky
investments have a higher discount rate, while safer investments have a lower rate
(Mendell 2006). Discount rates are not directly observable, and therefore there
exists no perfect discount rate for every timberland investor (Mendell 2006).
Discount rates are generally adjusted upward or downward depending on specific
characteristics of the property in question (Mendell 2006). Cited discount rates
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range from six to nine percent depending on specific characteristics of the property,
not including inflation, although rates have fallen to five percent and lower in
recent history (Mendell 2006). There are four common ways for estimating
discount rates for timberland investments.
First, economists estimate with the Capital Asset Pricing Model (CAPM),
where the key assumptions are that the market does not reward investors who fail
to diversify, or take on higher risk with higher expected returns (Mendell 2006). In
addition, “CAPM calculates the risk premium for an asset based on its relative
return to the overall market” (Mendell 2006).
Second, the Calculated Weighted Average Cost of Capital (WACC) assumes
that the firm or project maintains the same debt level over time (Mendell 2006).
WACC is used for estimating discount rates for investment projects and publicly
traded equities using data from historic returns on equity, debt and an applicable
tax rate (Mendell 2006). This approach can be tailored to specific investments, in
that WACC calculates the rate of interest lenders charge a specific investor and the
returns expected by the landowner (Mendell 2006).
Third, determine discount rates by surveying investors (Mendell 2006). Key
assumptions include receiving honest responses and that the respondents know
the market and the current real discount rates (Mendell 2006). Successful surveys
require a level of ongoing working relationship between the surveyor and the
investors, yet this technique is considered empirical in that active buyers share
actual discount rates (Mendell 2006). Fourth, derive averages of discount rates
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from comparable timberland transactions (Mendell 2006). Required data includes
timberland prices, deal characteristics such as debt, species, acres, and volumes
(Mendell 2006).
Capital budgeting analysis is a simple yet powerful way to calculate the
profitability of alternative land use investments (Mercer et al. 2014). The most
common calculations conducted in capital budgeting are (Mercer et al. 2014):
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(1) Net Present Value

𝑁𝑃𝑉 = 𝐼 − 𝑂
Where I is the present value of cash inflow and O is the present value of cash outflow

(2) Land Expectation Value also known as Soil Expectation Value or the
Faustmann Formula

𝑁𝑃𝑉(1 + 𝑖)𝑛
𝐿𝐸𝑉 =
(1 + 𝑖)𝑛 − 1
Where i is the interest rate and n is the number of periods

(3) Annual Equivalent Value

𝑁𝑃𝑉[𝑖(1 + 𝑖)𝑛 ]
𝐴𝐸𝑉 =
(1 + 𝑖)𝑛 − 1
Where i is the interest rate and n is the number of periods

(4) Internal Rate of Return

𝑁
𝐶𝐹𝑛
𝑁𝑃𝑉 = 𝐶𝐹1 − ( +
"
)
+
(1 + 𝐼𝑅𝑅)𝑛
𝑛=1
Where n in the number of periods. IRR can be calculated using the NPV formula;
IRR is the discount rate at which NPV equals zero.
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Financial viability of a land management investment is most commonly
determined by the Net Present Value (NPV) (Godsey et al. 2009). NPV subtracts the
present value of an investment’s total costs from the present value of the
investments total revenues (Godsey et al. 2009). Also defined as, the sum of the
discounted periodic net revenues per unit of land over a given time period (Mercer
et al. 2014). Net Present Value measures the amount of capital that an investment
returns at a given discount rate (Cubbage & Hodges 1989). If the discount rate is
four percent and the NPV equals $100 then the net return on the capital invested
would yield four percent per year for all the costs incurred plus $100 (Cubbage &
Hodges 1989). A negative value at four percent would indicate that the discounted
value of the benefits earned less than the discounted value of the costs at the four
percent per year capitalization rate (Cubbage & Hodges 1989). Financial theory
dictates that individuals should accept investments with a positive NPV at the given
discount rate (Cubbage & Hodges 1989). For capital budgeting decisions, or
choosing among many projects, one should choose the project with the highest
NPV. Therefore, if the NPV is higher for agroforestry than the management
alternatives, then the agroforestry system should be implemented (Mercer et al.
2014).
Land Expectation Value (LEV) is more appropriate when time horizons of
alternatives vary, and thus calculates the net return per acre assuming the
management regime will be continued in perpetuity (Mercer et al. 2014; Cubbage &
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Hodges 1989; Godsey et al. 2009). LEV is considered the standard of discounted
cash flow calculations hinged upon four critical assumptions: (1) the values of all
costs and revenues are identical for all rotations. All costs and revenues are
compounded to the end of the rotation in order to get the future value of a single
rotation. (2) The land will be forested in perpetuity. (3) The land requires
regeneration costs at the beginning of the rotation. (4) Land value does not enter
the calculation (Straka & Bullard 1996)
Annual Equivalent Value (AEV) expresses NPV in annual equivalents
distributed equally over the years of the lifespan of the investment (Godsey et al.
2009). AEV can be useful when comparing alternatives on an annual basis,
especially when comparing long-term tree investments with other crop production
(Godsey et al. 2009). AEV can be useful when comparing forestry and agroforestry
systems, which accrue periodic returns as compared to agriculture, which generally
has yearly returns (Mercer et al. 2014).
Internal Rate of Return (IRR) is a means of measuring the average annual
rate of return of investment (Cubbage & Hodges 1989). It is the discount rate that
when used, will equate the discounted costs with the discounted revenues, or when
the NPV equals zero (Cubbage & Hodges 1989; Mercer et al. 2014). While IRR is
generally not theoretically appropriate it carries appeal when a producer does not
have a set discount rate (Mercer et al. 2014). The IRR can be compared with the
rate of return of another investment, such as a savings account (Cubbage & Hodges
1989). It can also be used to compare with personal, corporate or public hurdle
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rates (Cubbage & Hodges 1989). IRRs that are greater than the hurdle rate would
indicate investment acceptability, less than the hurdle rate would suggest
unacceptability (Cubbage & Hodges 1989).
Stainback et al. (2004) conducted an economic analysis to assess the
potential of silvopasture to restore longleaf pine (Pinus palustris) through the
integration of carbon policies. Longleaf pine forests existed on up to 92 million
acres of the southeast coastal plain (Stainback et al. 2004). However, due to
colonization, agricultural expansion, fire suppression, population growth and
preference for fast growing loblolly pine, these forests exist on a small portion of
historical range (Stainback et al. 2004). Silvopasture provides an economically
viable way to profitably restore longleaf pine on marginal pastureland while
potentially mitigating climate change (Stainback et al. 2004).
Husak and Grado (2002) conducted an economic analysis comparing
silvopasture in the Southeast United States to traditional monoculture: soybean,
rice, and pine plantations. Annual and periodic cash flows from timber and
livestock sales were analyzed using interest rates of five, seven, and nine percent
(Husak & Grado 2002). Land expectation value (LEV), equivalent annual income
(EAI), and rate of return (ROR) were calculated as economic predictors (Husak &
Grado 2002). Results provide evidence that profitability of silvopasture is
comparable to traditional monoculture systems (Husak & Grado 2002). Soybean
production had the lowest LEV at a discount rate of five percent of $1,087 ac-1,
followed by cattle (LEV $1,106 ac-1), rice (LEV $1,214 ac-1), silvopasture ($1,341 ac-
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1),

and pine plantation ($1385 ac-1) (Husak & Grado 2002). In this manner,

silvopasture has the potential to restore native habitat, improve environmental
health, and provide services to society while contributing profitably to the
landowner.

Silviculture and Timber Sales
National Market Trends
The National Council of Real Estate Investment Fiduciaries (NCREIF) is a
not for profit trade association that serves its members, academics, and investment
communities to provide commercial real estate data, performance measurements,
investment analyses, information standards and much more (NCREIF 2016).
NCREIF publishes data on farmland and timberland returns. Table 1 represents
historical Total Returns for the NCREIF Timberland Index, where properties have
been acquired on behalf of tax-exempt institutional investors and are represented
below in a quarterly time series of individual timberland owner’s private
properties for investment purposes in the private market (NCREIF 2016). Total
returns dipped after the 2008 housing crisis, yet have now returned to prerecession performance (NCREIF 2016). The housing crisis was a recession that took
place in December of 2007, attributed to excessive consumer debt, which had a
significant impact on the timber industry.
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Table 1: Timber market trends from 2000 to 2015, where total returns significantly decreased after the
2008 housing market collapse. Rates have increased to pre-2008 returns. Data provided by the National
Council of Real Estate Investment Fiduciaries: ncreif.org

Year

Quarter 1

Quarter 2

Quarter 3

Quarter 4

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

1.64%
0.49%
0.54%
0.61%
2.04%
1.81%
2.31%
1.86%
4.50%
0.73%
-0.25%
0.75%
0.36%
1.53%
1.60%
1.75%

0.70%
0.05%
0.13%
1.67%
0.86%
3.70%
3.49%
2.31%
1.01%
-1.20%
0.99%
0.66%
0.61%
0.93%
1.08%
0.51%

2.47%
0.84%
0.50%
1.45%
1.97%
0.95%
0.85%
3.90%
0.99%
0.26%
-0.10%
-0.35%
0.75%
1.05%
1.47%
0.77%

-0.45%
-6.54%
0.70%
3.75%
5.96%
11.98%
6.46%
9.38%
2.74%
-4.55%
-0.79%
0.51%
5.92%
5.92%
6.02%
1.86%
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Loblolly Pine Silviculture and Timber Sales
The southern U.S. is about 58% forested with 20% of forestland owned by
forest industry (Johnsen et al. 2001). Globally the most used species for plantation
forestry is loblolly pine (Pinus taeda) (Figure 2) (Johnsen et al. 2004). Loblolly pine
plantations are among
the most productive
forests in the southern
United States (Amateis &
Burkhart 2012). From
1962 to 1992

Figure 2: A map of North Carolina, where the Outer Coastal Plain is
represented in the far right and Inner Coastal Plain is represented
between the Piedmont and Outer Coastal Plain. Planted pine may
reach more than 60 million acres by 2040 in the coastal region
(Johnson et al. 2001)

commercial pine forests
in the South rose to 27.9 billion acres (Johnsen et al. 2001), making the Southern
United States the most intensive and extensively managed forested area in the
world (Johnsen et al. 2004). Recent statistics indicate plantation forestry is
practiced by industry on 35 million acres in the Southeast (Laiho et al. 2001).
Expanding plantation forest cover is expected in Eastern North Carolina (Coastal
Plain), where planted pine may reach more than 60 million acres by 2040 through
planting on marginal agricultural land (Figure 2) (Johnson et al. 2001).
The timber buying process in the Southeast involves a timber owner, a
timber buyer, a logger, and a manufacturer or mill (Bardon n.d.). Factors that affect
prices paid for stumpage across the United States include distance to the mill, road
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accessibility, and ease of logging (including well drained soils and limited
contractual restrictions) (Bardon n.d.).
Raw materials that supply the manufacturer are obtained through a network
of buyers who purchase timber from private landowners (Bardon n.d.). Buyers
may be paid a salary, by commission, or receive a percent of total profits (Bardon
n.d.). Generally timber is sold per unit or per lump sum (Bardon n.d.). Per unit
negotiations occur when the buyer and seller decide on a price per unit of
harvested wood, and the buyer pays for the timber after it is cut when the volume is
then determined (Bardon n.d.). Per unit timber is sold either by product class, or at
a blended average price for all products (Bardon n.d.).
Product classes for the Southeast include poles and pilings, veneer or ply
logs, sawtimber, chip-n-saw, and pulpwood (Bardon n.d.). Pine product class
specifications for pulpwood are trees generally less than 6 inches DBH to a
minimum of a 3-inch top diameter (Bardon n.d.); however specifications have been
cited from 5 to 9 inches DBH (Dickens, Sunday & Moorhead 2014). Pine pulpwood
trees generally have poor form, cankers, and/or forks less than 17 feet high at final
harvest (Dickens, Sunday & Moorhead 2014). Pine pulpwood prices have been
trending up since 2011, hitting a high of approximately $12.00 ton-1 in 2014
(Stubner 2016). Chip-n-saw (dimension lumber and chips) includes poles 9-14
inches DBH to a minimum of 6 inches top diameter with good form (Bardon n.d.;
Dickens, Sunday & Moorhead 2014). Sawtimber is more than 14 inches DBH to a
minimum of 8 inches top diameter (Bardon n.d.). Veneer logs are generally less
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than 16 inches DBH. Various specifications make up pilings based on local markets
(Bardon n.d.).
Volume is
determined by two
measurements: (1)
Diameter at Breast Height
(DBH), or height 4.5 feet
above the ground line and
(2) the merchantable
height (Bardon n.d.). The
Figure 3: Loblolly pine planted at the Center for Environmental
Farming systems. Planted native grasses can be seen in the alley.

height of sawtimber is

generally recorded in terms of 16 foot logs to a merchantable top, usually a small
end diameter of 8 inches on the outside of the bark (Bardon n.d.). Forest industry
generally measures timber volume in board feet. Over the past century at least 100
log rules have been developed (Bardon n.d.). The International ¼-inch, Doyle, and
Scribner log rules are the most widely adopted in the eastern and southern United
States (Bardon n.d.). In North Carolina the Scribner is most commonly used for
pines and the Doyle is more common for hardwoods (Bardon n.d.). The legal rule
for settling disputes is the International rule, which is the most accurate (Bardon
n.d.).
Land owners often conduct stand thinnings, which can promote the growth
of individual trees within a stand by removing competing trees (Dickens, Sunday &
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Moorhead 2014). Thinnings can allow for removal of diseased and poor quality
trees, benefiting the overall health of a stand (Dickens, Sunday & Moorhead 2014).
There are a few indicators of stand condition that can aid in determining when a
stand could be thinned (Dickens, Sunday & Moorhead 2014). Live crown ratio is
defined as the height of the live crown divided by the total height of the tree. When
the average live crown ratio falls below 35%, the stand could be thinned (Dickens,
Sunday & Moorhead 2014). Basal area of a stand is the area in square feet taken up
by an individual tree trunk at DBH (Dickens, Sunday & Moorhead 2014). Basal area
per acre is the sum of the square feet represented by all of the trees growing in one
acre (Dickens, Sunday & Moorhead 2014). When the basal area for loblolly and
longleaf pine is greater than 100 to 120 square feet per acre then the stand could be
thinned back to a basal area of 60 to 90 square feet per acre (Dickens, Sunday &
Moorhead 2014).
Loblolly pine is particularly susceptible to pine beetle attacks as basal area
and age increase (Dickens, Sunday & Moorhead 2014). As a result several thinning
types are employed in the Southeast. Row thinning involves removing alternate
rows from a planted stand, for example every third, fifth or seventh row (Dickens et
al.). Selective thinning occurs when individual trees are selectively removed from
the stand based on position, form, and health (Dickens, Sunday & Moorhead 2014).
Combination thinning combines both row and selective thinning techniques
(Dickens, Sunday & Moorhead 2014). Finally, strip thinning is a term generally used
for natural pine stands, when strips of trees are removed following land contours
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(Dickens, Sunday & Moorhead 2014). Thinning generally occurs in the winter
months, however this is dependent upon tree health and soil type (Dickens, Sunday
& Moorhead 2014).
Overall, forest area in the Southeast has remained relatively constant over
the past 40 years, yet forest types have changed substantially (Johnsen et al. 2001).
Natural pine stands have declined by 40 million acres from 1952 to 1998 (Johnsen
et al. 2001), which generally included mixed oak (Quercus), sweetgum
(Liquidambar styraciflua), red maple (Acer rubrum), yellow poplar (Liroidendron
tulipifera), American holly (Ilex opaca), sourwood (Oxydendrum arboreum),
magnolia (Magnolia grandiflora), hickory (Carya), and black cherry (Prunus
serotina) (Laiho et al. 2001). In the Southeast, pine timber brings a higher stumpage
price than mixed hardwoods (Bardon n.d.). High quality black cherry, northern red
oak, cherrybark oak, white oak and yellow poplar can bring top prices (Bardon
n.d.). Species price varies widely with location and with changing market demand
(Bardon n.d.).
According to Amateis and Burkhart (2012), one of the most important factors
influencing the quantity and quality of loblolly pine plantations is the initial
planting density. They argue that the most appropriate measure of lumber volume
is board feet (bd ft) by grade, which is closely tied with product end use and value
(Amateis and Burkhart 2012). The purpose of their study was to evaluate the
impact of low, moderate, and high initial planting density on lumber yield and
grade off the green chain (Amateis and Burkhart 2012). Specific objectives were to
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compare the total mill run bd ft ac-1 lumber yield across densities, to assess the
effect planting density has on visual grade of lumber off the green chain for the butt
log and to examine the combined effects of lumber yield and grade through a
comparison of total dollar value per acre across planting densities (Amateis and
Burkhart 2012).
Trials were established in 1983 in four locations: two in the Piedmont of
Virginia, one in the Coastal Plain of Virginia and one in the Coastal Plain of North
Carolina (Amateis and Burkhart 2012). Square planting densities of 6 X 6 ft (1210
trees ac-1), 8 X 8 ft (681 trees ac-1), and 12 X 12ft (302 trees ac-1) were used
(Amateis and Burkhart 2012). Results of this study indicate when loblolly pine is
established at lower densities and carried to a longer rotation age (27 years), larger
trees will greatly surpass the production obtained from more numerous, smaller
diameter trees, which are typical of higher plantation densities (Amateis and
Burkhart 2012). Furthermore, others have asserted, 600 trees per acre are going to
have a much smaller average diameter than 300 well-spaced trees at age 20 to 25
years (Dickens, Sunday & Moorhead 2014).
A study was conducted in 2000 with loblolly pine wood flows and financial
returns on a site index of 63 ft at age 25 years using median prices and median site
preparation on a 24-year rotation (Dickens, Sunday & Moorhead 2014). Stumpage
prices cd-1 for pulpwood were assumed from Timber Mart South 3rd quarter prices,
where pulpwood was $16 cd-1 for thinning and $22 cd-1 for final cut (Dickens,
Sunday & Moorhead 2014). Four permutations were conducted with and without

30
thinnings at 15 years, with and without fertilization, and with and without pine
straw (Dickens, Sunday & Moorhead 2014). Results indicate rotations with
fertilization, thinning and pine straw accrue the highest IRR of 11.94%, followed by
fertilization, no thinning, and pine straw with an IRR of 11.36% (Dickens, Sunday &
Moorhead 2014). Interestingly, the modeled permutation with no fertilization, no
pine straw but with a thinning at 15 years had an IRR of 11.07%, whereas no
fertilization, no thinning and no pine straw had a significantly lower IRR of 8.91%
(Dickens, Sunday & Moorhead 2014).

Longleaf Pine Silviculture and Timber Sales
Before European settlement longleaf pine (Pinus palustris) dominated about
30 million ha and occurred on seven million ha in mixed stands (Figure 4) (Van
Lear et al. 2005). Historically, longleaf grassland ecosystems dominated the Coastal
Plain regions from southeastern Virginia to east Texas due to frequent fire (every 1
to 3 years) (Van Lear et al. 2005). Native Americans and lightning primarily
initiated these low-level fires (Van Lear et al. 2005; Frost 1993). Diseases brought
by European and African settlers decimated Native American populations, with
mortality rates as high as 90 to 95%, caused by outbreaks of smallpox, typhoid,
bubonic plague, influenza, mumps, measles, hepatitis and others (Van Lear et al.
2005). Due to European settlement fire became less common, where open savannas
gradually became mixed hardwood forests (Van Lear et al. 2005). Often not
discussed in the literature is that European settlers were primarily from western
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England, Scotland and Ireland, where burning to achieve open range and
understory was extremely common in their homeland (Van Lear et al. 2005).
Settlers burned annually in the southern United States for improved hunting and
grazing, which may have benefited longleaf establishment; however wildlife was
replaced with domesticated animals that damaged longleaf regeneration (Van Lear
et al. 2005).
Longleaf was
historically considered
the commercial tree of
the southeast, and was
the first forest species
studied in detail by
early foresters and
botanists (Frost 1993).
Figure 4: Longleaf pine planted at the Center for Environmental
Farming Systems.

In 1608 John Smith
exported the first barrels

of tar to England (Frost 1993). Longleaf was the main source of pitch and tar for
over 200 years, creating a boom in North Carolina; lending to the nickname the
Tarheel State (Frost 1993). Tar, pitch, rosin and turpentine were almost
exclusively produced from longleaf pine, described as, “absolutely essential
commodities until the development of petroleum-derived substances in the mid1800s” (Frost 1993).
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Through the colonial period logging was a minor industry, often done by
hand (Frost 1993). However by 1850 logging increased due to steam technology
(Van Lear et al. 2005; Frost 1993). By 1930 most large longleaf pine was cut and
regeneration was diminished due to high intensity fires following logging to
remove slash (Van Lear et al. 2005). As of 2004 about 97% of the original longleaf
ecosystem was lost, or about 1.2 million ha of longleaf pine remained (Van Lear et
al. 2005).
According to the Longleaf Alliance, longleaf pine naturally grows straighter,
tapers less, and produces a stronger heavier wood than loblolly pine (Longleaf
Alliance 2011). In fact, by age 40 – 50 half of all trees in a longleaf stand may meet
the standards for utility poles, whereas stands of loblolly typically contain less than
15% pole quality trees (Longleaf Alliance 2011). However, management decisions
in recent decades have favored other pine species (Cubbage & Hodges 1989).
Longleaf trees grow slow at first, but can catch up to loblolly pine growth rates on
nutrient poor sites (Longleaf Alliance 2011; Cubbage & Hodges 1989). In addition,
while longleaf pine has a longer rotation than other southern pines they offer very
good yields (Cubbage & Hodges 1989).
Longleaf stands are resistant to attack by southern pine bark beetle and
fusiform rust, which loblolly pine stands are susceptible to (Longleaf Alliance
2011). In addition, longleaf stands are less vulnerable to windstorm damage than
other pine species (Longleaf Alliance 2011). The Southeast is characterized by large
hurricane storms, which can diminish the quality and quantity of high quality
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timber trees if broken or snapped (Longleaf Alliance 2011). Leaning or uprooted
trees have a better chance of being salvaged, whereas broken or snapped trees
become a total loss and even a management cost (Longleaf Alliance 2011). A
survey conducted on 22-year-old trees after hurricane Katrina in Mississippi found
16.3% of loblolly pine had zero damage, while 64% of longleaf suffered zero
damage (Longleaf Alliance 2011). Furthermore, 75.9% of loblolly pine was
snapped, while 8.9% of longleaf was snapped, whereas 7.7% of loblolly pine was
uprooted or leaning while 27.1% of longleaf was uprooted or leaning (Longleaf
Alliance 2011). Longleaf has a longer harvest rotation, yet it is risk averse due to
fire tolerance, resistance to disease and pest outbreaks, and is capable of
withstanding high winds (Longleaf Alliance 2011).
Cubbage and Hodges (1989), provide a framework for analyzing the costs
and returns from longleaf pine management. Their assumptions were based on
existing growth and yield literature to perform discounted cash flow analyses
(Cubbage & Hodges 1989). Basal area recommendations for longleaf are less than
100 square feet, or as low as 50 to 70 square feet (Cubbage & Hodges 1989).
Management scenarios were modeled for natural and artificial regeneration
methods at different temporal intervals (Cubbage & Hodges 1989). The authors
acknowledge that plantation methods and natural regeneration may be difficult for
longleaf pine, which may be one of the contributors to its decline (Cubbage &
Hodges 1989).
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Longleaf pine requires more site preparation than other southern pines, to
ensure seedlings are not suppressed during the grass stage (Cubbage & Hodges
1989). Natural regeneration methods are likely to take about five years to establish
a new stand (Cubbage & Hodges 1989). No single management regime was
superior using all economic criteria (NPV, LEV and Benefit Cost Ratio) (Cubbage &
Hodges 1989). At a real discount rate of 4% the 50-year plantation was the best in
terms of NPV and LEV, yet the 80 year natural rotation had the second largest NPV
and 40-year plantation without thinning had the second largest LEV (Cubbage &
Hodges 1989). Overall the 40-year plantation was determined to be the better of
the two regimes, because the 80-year rotation spent twice as many years to
generate returns (Cubbage & Hodges 1989).
The Longleaf Alliance conducted a financial analysis of investment scenarios
at real discount rates of 4.5% and 6% (Longleaf Alliance 2011). Modeled scenario
with no cost share or pine straw at a real discount rate of 4.5% accrued $197.35 ac 1

NPV, real discount rate of 6% accrued $-2.60 ac -1 NPV, and IRR of 6% (Longleaf

Alliance 2011). No cost share with pine straw at a real discount rate of 4.5%
accrued $893.65 ac -1 NPV, real discount rate of 6% accrued $481.81 NPV, and IRR
of 11% (Longleaf Alliance 2011).
Ponderosa Pine Silviculture and Timber Sales
Many geologic processes formed Eastern Oregon, which has contributed to
many old and recent rock and soil formations (Emmingham 2005). Tectonic uplift
has formed mountain ranges, while erosion processes and glaciations have
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contributed to river down-cutting and current lakes and rivers (Emmingham 2005).
Eastern Oregon also has a rainshadow effect from the Cascades, where precipitation
is generally dropped on the Western slopes of the mountain range (Emmingham
2005). Notably, Mt Mazama erupted approximately 7,000 years ago depositing fine
ash layers in northeastern Oregon, leading to areas of fertile soils (Emmingham
2005). These geologic processes combined with slope, aspect and elevation have
created large
differences in plant
growth potential over
relatively short
distances (Emmingham
2005). According to
Emmingham (2005),
nutrient-rich, ash-filled
soils at moderate
Figure 5: The Blue Mountain Region of northeastern, Oregon is exhibited
in orange. This province covers about 6 million acres (McQueen 2014)

elevations on north

slopes can support productive tree stands. Blue mountain region ponderosa pine
grows on both ash and residual basaltic soil types (Fitzgerald & Emmingham 2005).
The Blue Mountain Province covers about six million acres stretching across
Wallowa, Union, Umatilla, Baker, Grant, and Morrow counties at elevations between
3,000 and 5,000 feet (Figure 5) (McQueen 2014). The average annual precipitation
is 22.4 inches (McQueen 2014). About 54% of the annual total falls between
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November and March (McQueen 2014). This region has rugged mountains, canyons
and plateaus consisting of mostly basalt bedrock (McQueen 2014). The Wallowa
Valley from Wallowa to Joseph and the Grand Ronde Valley from Union to LaGrande
and Elgin are used for irrigated agriculture and some dryland farming (McQueen
2014). Much of the region has timber and natural grassland (McQueen 2014).
There are four defined stages of stand development in Oregon: (1)
regeneration, (2) stand closure, (3) stand exclusion and/or (4) stagnation
(Emmingham 2005). During regeneration trees become established and grow with
little competition (Emmingham 2005). As the trees grow and crowns expand little
understory vegetation is able to grow, resulting in stand closure (Emmingham
2005). Once the stand reaches exclusion, less vigorous trees die while more
dominant trees survive (Emmingham 2005). During stand stagnation trees grow
slowly with more than 15 to 20 rings per inch of radial growth (Emmingham 2005).
If a stand is fully stocked with minimal competition trees will have 10 rings or
fewer per inch of radial growth (Emmingham 2005). A tree with good vigor will
grow 5 to 10 rings per inch, while trees with poor vigor will have 20 or more rings
per inch (Fitzgerald, Emmingham & Oester 2005).
Most private land in eastern Oregon can be categorized into four forest
types: (1) ponderosa pine (Pinus ponderosa), (2) lodgepole pine (Pinus contorta)
(3) warm mixed-conifer, or (4) cool mixed-conifer (Emmingham 2005). The
ponderosa pine forest type is classified as nearly 100% pure ponderosa pine,
generally in a dry climate where no other commercial tree will grow (Emmingham
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2005). Ponderosa is claimed to be the most valued and managed species in the dry
interior west (Emmingham 2005). Similar to the Southeast, before European
settlement Native Americans commonly set low-level fire at intervals of five to 20
years (Emmingham 2005).
Ponderosa pine reaches an average mature height of 165 ft, has a lifespan of
300 years, and is characterized with low shade tolerance, medium susceptibility to
pest damage when
overstocked, high
drought tolerance, high
wind tolerance, and
high fire tolerance
(Emmingham 2005).
Ponderosa grows best
in full sun and is often
Figure 6: Ponderosa pine in Union, Oregon

found on well-drained,

drier soils in the mid elevations of the Cascade, Blue, and Wallowa mountains
(Figure 6) (Fitzgerald & Emmingham 2005). Trees grow in regions where moisture
ranges from 14 to 30 inches (Fitzgerald & Emmingham 2005).
Maintaining adequate stand density and stocking rates is key to maintaining
healthy stands (Fitzgerald, Emmingham & Oester 2005). Site index is based on how
tall dominant trees will grow over a given time horizon (Fitzgerald, Emmingham &
Oester 2005). To find site index a forester will measure age, DBH and height of
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mature trees that have not been significantly suppressed (Fitzgerald, Emmingham
& Oester 2005). For ponderosa pine a site index of 70 means dominant trees grow,
on average, to 70 feet in 100 years (Fitzgerald, Emmingham & Oester 2005).
Ponderosa pine low site index is 70-80, medium is 90-100, and high is 110+
(Fitzgerald, Emmingham & Oester 2005).
Just like the Southeast, thinnings are often conducted (Fitzgerald,
Emmingham & Oester 2005). Pruning for ponderosa pine is not common
(Fitzgerald & Emmingham 2005). Ponderosa reaches commercial thinning age
between 40 and 80 depending on site index and stand density, or when DBH
reaches 10 inches (Fitzgerald, Emmingham & Oester 2005). Live crown ratio is a
good tree health indicator and should generally be between 40 to 50% in even aged
stands (Fitzgerald, Emmingham & Oester 2005).
Five thinning types have been practiced in Oregon (Fitzgerald, Emmingham
& Oester 2005). First, low thinning removes small trees, which allows better
formed and faster growing dominant and co-dominant trees to take over
(Fitzgerald, Emmingham & Oester 2005). Low thinning is the most recommended
thinning type for well-stocked, even aged tree stands (Fitzgerald, Emmingham &
Oester 2005). Second, high or crown thinning removes dominant and co-dominant
trees in a stand (Fitzgerald, Emmingham & Oester 2005). Logging costs and profits
are generally higher; however, high-grading is common in these thinning regimes,
which reduces the value and future growth of the stand (Fitzgerald, Emmingham &
Oester 2005). Third, high thinning is best used for irregular natural regenerated
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stands that have large limbed trees that could be removed to free growing space for
better formed trees (Fitzgerald, Emmingham & Oester 2005). Fourth, free thinning
is a combination of high and low thinning, and is actually the best thinning type for
eastern Oregon because of the varied site conditions (Fitzgerald, Emmingham &
Oester 2005). Fifth, diameter limit cutting removes all trees over a certain DBH, but
is not recommended as it degrades genetic quality for future stands (Fitzgerald,
Emmingham & Oester 2005). See Figure 7 for a planted stand that is ready to be
thinned.
Emmingham et al.
(2002), conducted four
management scenarios for
10 year value of stands
ready for thinning: (1)
hold for ten years with no
Figure 7: Thirty year old planted ponderosa pine stand in Union,
Oregon

thinning, (2) thin for
even age, (3) partial cut

for uneven age, or (4) clearcut (Emmingham et al. 2002). In order to conduct the
study 2 ha plots in 10 stands on typical private forests across Oregon were the basis
for projected timber yields and revenues (Emmingham et al. 2002). Net asset value
(NAV) (the value of assets minus the value of liabilities) was calculated at a 7%
interest rate (Emmingham et al. 2002). Two stands of even aged ponderosa pine
(about 60 to 80 years in age) were sampled in La Grande, Oregon, with timber
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volumes of 137 m-1 ha and 149 m-1 ha respectively (Emmingham et al. 2002).
Future timber values were calculated using an inflation rate of 3% per year
(Emmingham et al. 2002). Logging, administration, taxes, and reforestation
expenses were deducted, which totaled approximately $926 ha-1 (Emmingham et
al. 2002). Results indicate that letting the stand grow, low thinning or partial
cutting generated the best net asset value when the value of residual timber and
land were included, meaning that small woodland owners choosing typical thin or
no cut approaches are not losing significant dollar amounts assuming a 7% interest
rate and tax and reforestation options in Oregon (Emmingham et al. 2002). Net
cash, or the value of timber cut at year zero with annual administrative and
regeneration costs plus 7% interest for even age stands in eastern Oregon was
$1,266 ha-1 (Emmingham et al. 2002).

Silvopasture Tree Spacing and Design in Eastern North Carolina and
Northeastern Oregon
Silvopasture systems can be established on existing pastureland, or by
thinning trees in order to promote forage growth and understory grasses (Figure 8)
(Hamilton 2008). Hamilton
(2008) designed a manual
for planting regimes for
pine in the Southeastern
USA for silvopasture.
Single row planting
involves trees spaced

Figure 8: One hundred year old thinned ponderosa pine on
poor site condition. Trees were thinned to approximately 130
TPA to provide sufficient forage for livestock.
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about 8 to 12 feet within rows and 16 to 30 feet between rows. Wider rows favor
forage production and allow large machinery to move through, as well as less treeto-tree competition (Hamilton 2008). For double row planting it is advised to plan
for the width needed for equipment. Hamilton suggests staggering tree rows about
eight to ten feet between trees and rows (Hamilton 2008). In addition, studies
found legumes, such as clover, perform better under pine canopy than legumes in
open forage areas (Hamilton 2008).
Multiple row spacing involves two to three rows of trees fairly close
together, about eight feet by ten feet or ten feet by ten feet with an alleyway of
approximately 20 to 40 feet between trees for forage and ease of timber
management (Hamilton 2008). Triple and quadruple row spacing involves three to
four rows of trees planted close together with a wide alley between (Hamilton
2008). This system is not optimal because trees grown in the middle are often
more narrow and of poorer quality than outer rows (Hamilton 2008). Block
planting involves evenly spaced plantings with wider spacings than traditional
forest plantations (Hamilton 2008). A typical block would have trees 12 feet by 12
feet or 15 feet by 15 feet (Hamilton 2008). This design favors timber production,
but limits forages, especially those not tolerant to low-light environments
(Hamilton 2008). A healthy tree stocking range for silvopasture establishment for
southern yellow pines is between 200 and 400 trees per acre (Hamilton 2008).
In the Pacific Northwest, Douglas-fir (Pseudotsuga menziesii) and ponderosa
pine (Pinus ponderosa) are the dominant timber species (Sharrow & Fletcher 2003).
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Sharrow asserts that other locally adapted conifers or hardwoods can be integrated
into the timber component of a silvopasture system, such as black locust (Robinia
pseudoacacia), maple (Acer), poplar (Populus) and red alder (Alnus rubra) (Sharrow
and Fletcher 2003). For example, shading from Douglas-fir encourages red alder to
grow straight saw logs (Sharrow & Fletcher 2003). Silvopasture systems are often
planted at a lower density than typical commercial lots, which average 300 to 600
trees per acre (Sharrow and Fletcher 2003).
Conifer silvopasture systems should be planted at about 200 to 300 trees
per acre and more time and care devoted to each seedling (Sharrow & Fletcher
2003) Traditional grid patterns minimize competition between trees, yet maximize
tree/ground competition. Sharrow and Fletcher (2003), suggest planting in
multiple rows or clusters may promote tree growth by providing a “forest effect,”
yet confirms that single and double row planting greatly reduces tree/pasture
competition and tree/tree competition where the center rows of trees are outcompeted by the outer rows. Similar to the spacing design suggested for the
Southeast, alleys should be determined by the size of equipment to be used on the
land. For example a 20 foot alley provides access for cutting hay with a 16 ft
swather (Sharrow & Fletcher 2003).

Forage Grasses in North Carolina and Oregon
Forage is defined as the edible parts of plants, other than separated grain,
that can provide feed for grazing animals or that can be harvested for feeding
(Castillo, Mueller & Green 2014). Forage and hay production can be conducted
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within the first two to four years after initial tree planting in the Southeast
(Hamilton 2008). There is a high diversity of forage species in North Carolina due
to the wide variety of temperatures through the year (Castillo, Mueller & Green
2014). Cool season species thrive between 65-75 °F while warm species are best at
80-95 °F (Castillo, Mueller & Green 2014).
North Carolina has four major soil regions: (1) Coastal Plain, (2) Sandhills,
(3), Piedmont, and (4) Mountains (Castillo, Mueller & Green 2014). The Coastal
Plain is characterized by cool winters and hot humid summers with an average of
136 cm (54 inches) of rainfall annually and an average temperature of 16 degrees
Celsius (60.8 F) (Laiho et al. 2001). Soils in the Coastal Plain and Sandhills
generally range from sandy to sandy loam and support tall fescue, bermudagrass,
bahiagrass and dallisgrass (Castillo, Mueller & Green 2014). The piedmont is
generally clayey to clay loam and supports tall fescue and bermudagrass (Castillo,
Mueller & Green 2014). Alfalfa can be grown in all three zones and harvested for
stockpiling (Castillo, Mueller & Green 2014).
Legumes, such as clover and alfalfa, form a symbiotic relationship with
rhizobia and support nitrogen fixation, as well as host a greater nutritive value than
most grass species, but cannot be the main part of ruminant diets (Castillo, Mueller
& Green 2014). There is no single year round forage in North Carolina (Castillo,
Mueller & Green 2014). Grasses are deemed warm season
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Figure 9: Forage grass exhibits annual growing patterns. Warm season grasses such as bermudagrass,
and gamagrass reach their peak during the summer months yet do not grow during the cooler season.
Cool season grasses have a bimodal growing pattern, where forages grow best during the spring and
fall, yet exhibit a summer slump where animals must have supplemental feed (Castillo, Mueller & Green
2014).
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and cool season species (Castillo, Mueller & Green 2014). Cool season species are
generally preferred, as they provide forage most of the year, not including summer
months, which is referred to as “the summer slump” (Figure 9) (Castillo, Mueller &
Green 2014). It is recommended to either grow a mix of warm and cool season
varieties on different pastures, or to stockpile cool season grasses for the summer
months (Castillo, Mueller & Green 2014). However, it should be known that
conserved forages almost never meet the nutritive value of fresh forage (Castillo,
Mueller & Green 2014). Furthermore, silvopastoral environments provide a unique
microclimate in which forages generally start growth earlier in the spring and

Figure 10: Silvopasture Forage Peak growth differences, adapted from Walter, 2011
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continue later in the fall (Cubbage et al. 2012). However, as seen in Figure 10 the
peak yield is generally lower than that of a traditional pasture (Walter 2011)
The Blue Mountain Region of eastern Oregon supports many understory
shrubs and grasses (Fitzgerald & Emmingham 2005). On low productivity sites
ponderosa pine forests support a savannah like biome, where understory shrubs
such as antelope bitterbrush (Purshia tridentate), big sagebrush (Artemisia
tridentate), gray rabbitbrush (Ericameria nauseosa), and squaw currant grasses
(Ribes cereum) dominate (Fitzgerald & Emmingham 2005). Grasses and forbs such
as Idaho fescue (Festuca idahoensis), western needlegrass (Achnatherum
occidentale), bottlebrush squirreltail (Elymus elymoides), and ross sedge (Carex
rossii) commonly grow (Fitzgerald & Emmingham 2005).
On medium productivity sites bunchgrasses such as Idaho fescue (Festuca
idahoensis), bluebunch wheatgrass (Pseudoroegneria spicata), antelope bitterbrush
(Purshia tridentate), balsamroot (Balsamorhiza), western yarrow (Achillea
millefolium), tailcup lupine (lupines caudatus), and other forbs are common
(Fitzgerald & Emmingham 2005). Cheat grass (Bromus tectorum) also grows on
highly disturbed sites (Fitzgerald & Emmingham 2005). On medium-high
productivity sites greenleaf manzanita (Arctostaphylos patula) appears, with
snowbrush ceanothus (Ceanothus velutinus) present (Fitzgerald & Emmingham
2005). Major grasses include Idaho fescue, bottlebrush squirreltail, western
needlegrass, pinegrass (Calamagrostis rubescens), and elk sedge (Carex geyeri)
(Fitzgerald & Emmingham 2005). In climax ponderosa pine forests there is a
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sparse shrub layer with occasional snowberry (Symphoricarpos), prince’s pine
(chimaphila umbellate), pinegrass, tailcup lupine, Idaho fescue, bottlebrush
squirreltail, and western needlegrass (Fitzgerald & Emmingham 2005).
Palatable forages include Idaho fescue, western needlegrass, pinegrass, and
bluebunch wheatgrass (Wagner 2016). Unlike the southeast U.S., landowners in
northeast Oregon typically do not plant forage grasses beneath trees and rely upon
self-propagation. It is important that pregnant heifers are not allowed in pastures
with lupine, as this can cause calf deformities (Wagner 2016). Landowners should
also be aware that if pregnant heifers eat pine needles in their third trimester it can
cause miscarriage (Wagner 2016).

Livestock Sales and Volatility
Cattle prices reached a record high in the 2014-2015 fiscal years, with the
strongest demand for beef products seen in 25 years (Anderson 2016). According
to the USDA-ERS the average commercial beef production from 1983 to 2014 was
2,074.4 million lbs (Matthews 2016). This number increased drastically to 3,838.5
million lbs early 2016 (Matthews 2016) (Figure 11). The market is now flooded
with more producers and therefore we can expect a slight decrease in the price of
red meat in the coming years (Anderson 2016).
According to Washington State University Extension (November 2014), the
average steer calf prices from 2008-2012 reached a maximum of $145 cwt-1. Cwt
stands for hundredweight (equal to 100 pounds), and is the standard unit of
measurement for trading livestock and other commodities. Comparatively, 2014
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steer calf prices reached a maximum of almost $275 cwt-1; an increase of almost
$130 per hundredweight (Washington State University Extension 2014). Similar
trends can be seen for feeder steer prices and slaughter steer prices (Figure 12).
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Figure 11: The average commercial beef production from 1983 to 2014 was 2,074.4 millions of lbs (Matthews 2016). This number increased to
3,838.5 million lbs by early 2016 (Matthews 2016)
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Figure 12: The average steer calf prices from 2008-2012 reached a maximum of $145 cwt. Comparatively, 2014 steer calf prices reached a maximum of almost $275
cwt; an increase of almost $130 per hundredweight (Washington State University Extension)
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Silvopasture Benefits for Livestock
Silvopasture helps reduce animal stress and mortality from shade provided
by trees, reduces feed and water consumption and limits odor to neighbors (Nair
2012). Fermentation and respiration from ruminants produces methane, a
greenhouse gas 30 times more potent than CO2, due to higher infrared absorption
(Nair 2012). Livestock should not be introduced to the system until trees grow
beyond browse line, generally three to four years depending upon site productivity
(Hamilton 2008). Livestock do not prefer to browse pine, but if pasture is not
adequate they will do so (Hamilton 2008). Hamilton (2008) suggests, if planting
longleaf pine consider deferring livestock from the silvopasture system for an
additional year or two.
Similar to suggestions for the Southeast, trees are susceptible to damage
during the first two to three years in the Pacific Northwest, depending upon tree
species (Sharrow & Fletcher 2003). Furthermore, resembling pines of the
Southeast, conifers are sensitive to removal of the terminal leader (Sharrow &
Fletcher 2003). If browsed (livestock, deer, or elk) the tree height and diameter
can dramatically reduce, as well as stimulate the production of multiple leaders
(Sharrow & Fletcher 2003). It is suggested that livestock are introduced once trees
have reached a reasonable height and that chemical repellents, mesh, tubes, or
electric fencing are used to deter deer and elk (Sharrow & Fletcher 2003).
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Additionally, sheep, goats, and deer are
more likely to browse conifer needles
than cattle or elk (Sharrow & Fletcher
2003)
Stocking rate refers to the
number of animals on the pasture
(Castillo, Mueller & Green 2014).
Understocked pastures (low number of
individual animals) ensure the animal

Figure 13: Stocking optimization occurs when feed
for livestock does not exceed AUM (Castillo, Mueller
& Green 2014)

has enough forage necessary to support wellbeing (also known as AUM or Animal
Unit Month) (Castillo, Mueller & Green 2014). However, animals are more likely to
selectively graze better tasting legumes (Castillo, Mueller & Green 2014).
Furthermore, economic gains and utilization are low; more forage is left in the field
than consumed by the animal (Castillo, Mueller & Green 2014). Increased stocking
may decrease selective grazing, and still support dietary needs and weight gain
(Castillo, Mueller & Green 2014). Overstocked pastures are detrimental because
there is not enough forage to feed animals and the persistence of the forage is
compromised for future seasons (Castillo, Mueller & Green 2014). This concept is
represented visually in Figure 13, where there is an optimal range of gain per
animal and gain per acre (Castillo, Mueller & Green 2014). It must be noted that
Figure 13 is a visual interpretation without trees. Stocking rates may be lower per
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acre in silvopasture systems because a portion of land will be taken out of
commission for tree use.

Potential for Silvopasture to Sequester Carbon
Pesticides, fertilizers, and machinery generate billions of metric tons of
carbon dioxide (CO2), in turn exacerbating global climate change, which threatens
human life and ecosystem stability (Horwith 1985; Nair 2012). Agroforestry
attracted attention as a Carbon (C) sequestration strategy following the
afforestation and reforestation recommendation activities under the Kyoto
Protocol (Nair 2011). Carbon sequestration is the process of removing C from the
atmosphere and depositing it in reservoirs (sinks) or long-lived pools that aid in
reducing atmospheric CO2 (Nair 2012). The methods used to estimate carbon
sequestration in agroforestry systems vary widely; therefore inconsistencies exist
in the available datasets (Nair 2011). Large-scale global models based on
extrapolation from sample plots are likely to result in serious estimation
discrepancies of total C stock (Nair 2011). Moreover, methodological differences
are of a higher order of magnitude in agroforestry systems, compared to
agricultural models due to the integrated nature of agroforestry and the lack of
rigorous data (Nair 2011). In addition, C sequestration in agroforestry systems
involves multispecies combinations and oftentimes measurements are made from
pre-existing sites rather than randomized and replicated experiments (Nair 2011).
The current understanding of C sequestration in biomass can be broken into
two groups: (1) above and (2) below-ground C storage. To determine aboveground
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C sequestration, the older approach involves cutting down sample trees, digging
out the root structure and determining dry weights from sample parts in order to
add up total biomass produced (Nair 2011). Other less destructive methods, use
remote sensing and in-situ measurements to determine total C sequestration
potential of different forest types (Nair 2011). Determining belowground C
dynamics is more complicated than aboveground (Nair 2011). Organic C occurs in
soils in a number of different forms including root biomass, microbial biomass, soil
organic matter and more recalcitrant forms (Nair 2011). Furthermore,
belowground living biomass is difficult to quantify, yet is commonly determined
through the root to shoot ratio, which differs across tree species and ecological
regions (Nair 2011).
While carbon strategies are widely debated, and arguably not well received,
the world needs C sequestration techniques that provide social, environmental and
economic benefits, while reducing atmospheric CO2 concentrations (Udawatta &
Jose 2011). Silvopasture is the most common form of agroforestry in North
America (Udawatta & Jose 2011). In addition, silvopastoral systems have a great
potential to sequester C due to high biological productivity as well as the
availability of large areas under grazing management (Udawatta & Jose 2011). In
2007, North Carolina and Oregon had 3.97% and 36.65% of its land use under grass
pasture and rangeland, respectively (Bigelow 2016). Additionally, North Carolina
and Oregon had 0.93% and 16.7% of total land use as grazed forest land and
57.25% and 28.15% forest land that was not grazed, respectively (Bigelow 2016).
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Conversion of pastureland to silvopasture has the potential to enhance rooting
depth and distribution, quantity and quality of organic matter input and thereby C
sequestration potential (Udawatta & Jose 2011).
Udawatta and Jose (2012) concluded that the potential for C sequestration
under various agroforestry practices in the United States could help offset current
US greenhouse gas emissions by 33%. A study suggested a hectare of southern pine
in the U.S. grown in silvopasture on a 20-year rotation could absorb 350-540 Mg
CO2 or 4.8-7.3 Mg C ha-1 yr-1 (Nair 2012). Sharrow and Ismail (2004) found that
Douglas-fir silvopasture in Oregon sequestered an additional 0.74 Mg C ha-1 yr-1 and
0.52 Mg C ha-1 yr-1 than plantation and pasture in-situ locations, respectively.
Furthermore, they found individual trees in silvopastoral systems grew faster than
conventional forests on the same site (Sharrow and Ismail 2004). In addition, the
total amount of C stored in above and below ground biomass and soil was 5.8 and
8.2 Mg C-1 ha-1 greater in silvopasture than pasture and Douglas-fir plantations
(Sharrow and Ismail 2004).
According to Dube et al. (2011) studies performed in temperate regions have
shown that agroforestry systems have greater C sequestration potential than
monocropping systems, prairies, or forest plantations and should be considered
very real C sinks. Land use change not only affects C sources and sinks, but also
methane (CH4) and nitrous oxide (N2O) emissions (Dube et al. 2011). Their study
evaluates and models C sequestration potentials in natural prairie and managed
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ponderosa pine and pine based silvopastoral systems on Andisols in the Chilean
Patagonia (Dube et al. 2011).
Between 1920 and 1940 large areas of the Chilean Patagonia were burned and
converted to pasture for cattle, leaving slopes exposed to potential erosion and
degradation, which complicates the reestablishment of native forests (Dube et al.
2011). Profitability from farming, ranching, and plantation forestry in Chile has
decreased because of market globalization. Weather conditions, geographic
isolation, high costs of production and low technological development make it
difficult to implement new production sectors (Dube et al. 2011). Profitability could
be improved through increased efficiency of traditional activities, one of them being
the integration of forestry and ranching on the same unit of land, known as
silvopasture (Figure 14) (Dube et al. 2011).
Three land uses were studied: (1) managed natural pasture with traditional
cattle grazing, (2) 18 year old thinned and pruned P. ponderosa, which are exotic
stands from Western North
America, and (3) pine based
silvopastoral systems
arranged in 21m alleys,
which was originally
covered with native forest
(Dube et al. 2011). Total C
storage was 224, 199, and

Figure 14: Red Angus rotationally grazed under ponderosa pine
in northeastern Oregon
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177 Mg C-1 ha-1 in the silvopasture, plantation and prairie respectively (Dube et al.
2011). The C pools do not include temporary pools, including coarse woody debris
and dead branches (Dube et al. 2011).
Eighteen years after the establishment of pine plantation the total C stored in
the silvopasture and plantation was 27% and 12% greater, respectively than in the
prairie. Six years after the conversion of the plantation into the silvopastoral
system the total C storage in the silvopasture increased by 13% (Dube et al. 2011).
Individual trees in the silvopasture sequestered almost 30% more C in the total
tree biomass, compared with trees in the plantation (Dube et al. 2011). Six years
after the conversion of the plantation to silvopasture, the C flux (C respiration
minus C fixation) of the plantation was only 39% higher than that of the
silvopasture, in spite of higher tree density and the absence of GHG emissions from
animals and fertilizer application (Dube et al. 2011). The high C storage observed in
this study most likely could be attributed to the high C sequestration capacity of the
volcanic soils, on which the study sites were located (Dube et al. 2011)
Moreover, 260,000 cows inhabit Patagonia and three million ha are either
abandoned or degraded from severe forest fires over the last century (Dube et al.
2011). Dube et al. (2011) also found that over twice as many cows can be grazed in
a silvopasture system (five animals per hectare in silvopasture, and two in prairie)
to result in net zero C emissions. Therefore, 48,127 ha under silvopastoral systems
with cattle would be needed to offset greenhouse gasses produced by the
ruminants (Dube et al. 2011). Silvopasture can act as a closed loop system for
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livestock production, where the trees potentially offset all C emissions. More
studies in North America are needed to determine optimal silvopasture systems for
net zero C emissions livestock husbandry.
In the United States the average amount of carbon stored in forest ecosystem
carbon pools are about 50% in soils, 33% in live trees, 10% in woody debris, 6% in
the forest floor and 1% in understory plants (Diaz et al. 2010). The temperate
rainforests in Oregon have the potential to foster very large trees and contain
higher proportions of C in tree biomass (Diaz et al. 2010). Forests are able to
accumulate large amounts of organic matter in woody biomass and decay
recalcitrant litter and are generally preferred for studying C sequestration.
However, grasslands may actually accrue equivalent amounts of organic matter
(Sharrow & Ismail 2004).
A common misperception among foresters is that old slow growing forests
should be converted to young productive forests in order to capture C more quickly
(Diaz et al. 2010). This management technique does not pursue the end goal of
increasing the total amount of C stored and focuses simply on the rate at which it is
stored (Diaz et al. 2010). Stephenson et al. (2014), conducted a global analysis
from repeated measurements of 673,046 trees from 403 tropical and temperate
tree species, concluding that for most species mass growth rate increases
continuously with tree size. Metabolic scaling theory predicts that mass growth
rate should increase continuously with tree size (Stephenson et al. 2014). This
theory was confirmed, where only three percent of tree species were found to have
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declining growth rates in their largest trees (Stephenson et al. 2014). Therefore the
assumption that cutting old growth trees and replanting as a mechanism to
sequester carbon is disadvantageous when combating climate change (Stephenson
et al. 2014).
The United States Department of Agriculture (USDA) has recognized the
potential for agroforestry to store significant amounts of C in woody biomass and
soil (Schoeneberger 2014). Temperate grasslands have the potential to accrete
equivalent amounts of C as forestland; grasslands store about 90% of C
belowground as soil organic C and coniferous forests store a significant amount in
aboveground biomass (about 60%) (Sharrow & Ismail 2004). Yet, forests are often
the preferred method of C storage as forest detritus can persist up to 30 years,
compared to about one year for grassland vegetation (Sharrow & Ismail 2004).
Furthermore, perennial vegetation is more effective than annual vegetation at
storing a higher percentage of C to belowground storage (Udawatta and Jose 2012).
Silvopasture, and in fact all of the agroforestry land management techniques,
combine perennial and annual vegetation, which enhances C storage perhaps more
than we even currently understand. The global community has expressed interest
in C storage to combat climate change, however to achieve those goals it is
preferable to make sequestration techniques through agroforestry and silvopasture
profitable for landowners to begin implementation.
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Economics of Silvopasture Carbon Management
Profitability is often calculated from a landowner perspective, called private
profitability, which can be differentiated from a societal perspective, often called
social profitability (Alavalapati et al. 2004). Private profitability analyses of
agroforestry systems do not include nonmarket goods and services, such as
ecosystem services, because these are public goods, otherwise known as social
profitability (Alavalapati et al. 2004). Public goods are consumed by all at a level
that is the same for all; producers cannot exclude people from consuming these
goods (Alavalapati et al. 2004). For example, a stand of trees on private property
and an identical stand of trees on public property absorb the same amount of C,
providing the same social benefits. Therefore, indivisibility and nonexclusivity of
public goods discourage landowners when considering social profitability in
decision-making (Alavalapati et al. 2004). In addition, maintaining trees on
ranchlands for longer time horizons will cost the landowner but not the public, in
economic terms where marginal costs exceed marginal benefits (Alavalapati et al.
2004, Jaeger 2005).
According to Alavalapti there is a growing appreciation for ecosystem services
in scientific communities and the general public in industrialized countries
(Alavalapti et al. 2004). Silvopasture has the potential to store significant amounts
of C; therefore it is beneficial to include the social externalities in profitability
analyses (Alavalapati et al. 2004). Failure to do so will result in gross undervaluation of silvopasture and agroforestry as a whole (Alalvapati et al. 2004).
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Figure 15 is an economic
representation of internalizing
ecosystem services. MB represents
marginal benefit and MC represents
marginal cost to a private landowner.
For example, say that Q stands for the
current amount of tree cover a rancher
leaves on her field. Without potential
Figure 15: Internalizing Ecosystem Services, Adapated
from Alavalapati et al. 2004.

profit from ecosystem services she
will maintain Q. However, if the

rancher enrolls in a voluntary carbon market, then the marginal benefits (MB) will
shift right (MB’), therefore increasing tree cover (Q’) and profits to the rancher
(Alavalapati et al. 2004, Jaeger 2005).
Researchers have found that silvopasture can be profitable without ecosystem
service payments in some situations. Lundergren et al. (1983) found that longleafslash pine silvopasture systems in central Louisiana could have as much as a 4.5%
positive real rate of return (without inflation), without ecosystem payments
(Lundergren et al. 1983). Clason (1995), conducted a study in Louisiana with six
forage management treatments for silvopasture consisting of native grasses
including: Pensacola bahiagrass, common bermudagrass, coastal bermudagrass and
Au-Lo-Tan lespedeza (a low tannin variety of Lespedeza cuneata) (Clason 1995).
Clason illustrated that the economic potential of silvopasture management in
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southern pine plantations can achieve profitable land resource utilization; and
furthermore observed that after nine months of grazing with five cows per hectare
the bahiagrass planted in pine stands remained green, while open pasture was
brown (Clason 1995). Grado et al. (2001), concluded that combining beef cattle and
pine plantations could be profitable in Southern Mississippi depending upon
livestock stocking rates and chosen silvicultural management.
On the other hand, Stainback et al. (2004), found that combining slash pine with
cattle production is not competitive with conventional cattle ranching in Florida.
Therefore, a dynamic optimization model was used that assessed the impact of a
tax on phosphorus runoff and carbon sequestration payments on the net present
value of perpetual annual returns under traditional ranching and silvopasture in
Florida (Stainback et al. 2004). They concluded that for all pollution tax rates with
carbon payments of greater than $1 per ton, land values under silvopasture are
greater than those of traditional ranching (Stainback et al. 2004).
Shrestha and Alavalapati (2004) conducted surveys in Florida to determine
Willingness to Pay (WTP) for three ecosystem services provided by silvopasture to
enhance the Lake Okeechobee Watershed: (1) Reduced phosphorus runoff, (2)
Carbon sequestration, and (3) Wildlife habitat improvement. Five hundred and
four packets were mailed to ten counties in south-central Florida, 152 survey
responses were received back (Shrestha and Alavalapati 2004). The willingness to
pay (WTP) estimates for moderate and high water quality improvement through
reduced phosphorus runoff from silvopasture practices were $30.24 and $71.17
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per year for five years (Shrestha and Alavalapati 2004). Estimates for moderate
and high WTP carbon sequestration levels were $50.05 and $67.72. Lastly, WTP
estimates for wildlife habitat improvements were $49.68 and $41.06 (Shrestha and
Alavalapati 2004). Results indicate that the WTP for a moderate level of
improvement in the three environmental attributes, with 1.34 million households
in the Okeechobee Watershed, would total USD $924.40 million (Shrestha and
Alavalapati 2004). Therefore, individuals may be willing to pay for moderate
ecosystem service improvements, which can be achieved through agroforestry and
silvopasture.
According to Alavalapati et al. (2004), revenues from timber and hunting
licenses can offset the cost of silvopasture to some extent, however without policy
incentives cattle ranchers may have little to no motivation to adopt silvopasture. In
North Carolina, policy was implemented to provide direct payments for
silvopasture, but was recently removed from legislation (Ward 2015). Other
programs are in place to encourage conservation, such as Conservation Compliance,
Sodbuster, and Swampbuster (Alavalapati et al. 2004). These programs encourage
filter strips, riparian buffers, shelterbelts, windbreaks and grass waterways, which
provide many of the same ecosystem services and environmental benefits as
silvopasture (Alavalapati et al. 2004). Cutter et al. (1999), refers to this
phenomenon as direct and indirect legislation. Laws that are not specifically
devoted to agroforestry are referred to as indirect laws, which are more common
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(Cutter et al. 1999). Activities included in indirect laws are activities such as tree
planting, riparian buffers and wildlife habitat (Cutter et al. 1999).
Shrestha and Alavalapati (2004), estimated rancher’s mean willingness to adopt
silvopasture, and found that on average a price premium of $0.15 lb-1 of beef or a
direct payment of $9.32 0.4 ha-1 yr-1 was required for ranchers to adopt
silvopasture practices (Shrestha & Alavalapati 2004). According to Alavalapati et
al. these estimates are much lower than average annual payments under the
Conservation Reserve Program, which was $48.93 0.4 ha-1 yr-1 on a national
average (Shrestha & Alavalapati 2004). With approximately 2.4 million hectares of
pasture and ranchlands at the time of data collection (1997), at a rate of $9.32 per
0.4ha-1 yr-1, the direct payment policy would cost about $56 million annually
(Shrestha & Alavalapati 2004).

Carbon Pricing and ARB Eligibility
Greenhouse gas emissions impose costs on the global community; a carbon
price shifts the burden of the imposed costs or externalities from society to the
entities responsible for the C emissions, providing incentive to decrease emissions
(Kennedy et al. 2015). The European Union established the Emissions Trading
Scheme in 2005, which after a rocky start has now achieved a stable market for
allowances and meaningful emissions reductions (Kennedy et al. 2015). The
Clinton administration proposed a tax on the energy content of fuels that would
have been similar to a carbon tax, but was withdrawn in 1993 (Kennedy et al.
2015). Additional carbon-pricing bills have been introduced in Congress since
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2003, including the Waxman-Markey bill, but none have been given serious
consideration (Kennedy et al. 2015).
Currently there is no comprehensive federal mandate for reducing greenhouse
gas emissions in the United States; consequently many U.S. states have begun to
plan their own state or regional cap and trade programs, as well as a number of
voluntary C offset markets have emerged (Diaz et al. 2010, Kennedy et al. 2015).
According to Diaz et al. (2010), “A carbon market is a tool designed to place an
economic value on the social and environmental costs of GHG (Greenhouse Gas)
pollution and the benefits of emissions reduction activities.” Additionally, carbon
taxes and cap and trade programs are different mechanisms that can reduce carbon
emissions. A cap and trade program entails setting a maximum level of carbon
emissions, with emissions allowances issued by regulators that can be bought or
sold (Kennedy et al. 2015). A cap and trade program sets the price of C equal to the
market price of the emissions allowances (Kennedy et al. 2015). The difference is,
regulators will know the amount of C emissions but not the price under a cap and
trade program, while a tax sets the price but not the level of emissions (Jaeger
2005).
The first cap and trade program to emerge in the United States was the Regional
Greenhouse Gas Initiative (RGGI), piloted in 2009 by ten Northeastern states
(Kennedy et al. 2015). The Western Climate Initiative (WCI) was agreed upon in
2007, including seven states and four Canadian provinces, yet never emerged
(Kennedy et al. 2015). Subsequently, California and Quebec currently operate a
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linked cap and trade program that covers 85% of the emissions in each jurisdiction
(Kennedy et al. 2015). The Chicago Climate Exchange (CCX), established in 2003,
was a platform for trading voluntary greenhouse gas reduction offsets (Holderieath
et al. 2012). Two of the major aggregators began rejecting new forestry contracts,
which lowered trading prices so much that potential landowners would actually
lose money in fees (Holderieath et al. 2012). The CCX is no longer a functioning
market (Holderieath et al. 2012). Subsequently, Midwestern states began to look to
California markets as an alternative (Holderieath et al. 2012).
The California Air Resources Board (ARB) recognized the ability of trees to
absorb and store C (CTUS Forest Projects Protocol 2014). The Forest Offset
Protocol was designed by the California Environmental Protection Agency to
address the forest sector’s ability to mitigate climate change by reducing or
preventing emissions of CO2 to the atmosphere through increasing and/or
conserving forest C sinks (CTUS Forest Projects Protocol 2014). As discussed,
silvopasture increases C storage capacity by planting trees on land that would
otherwise be solely pastureland (Sharrow 2008 b). The ARB offsets are arguably
the most recognized C market in the nation currently, and therefore the offset
project types were reviewed by the authors of this manuscript in order to see if
silvopasture could benefit from payments.
After a thorough review of the California Environmental Protection Agency
Air Resources Board Compliance Offset Protocol U.S. Forest Projects handbook,
unfortunately silvopasture will not qualify at this time for ARB offsets due to
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verification requirements. Standards of the California markets are more stringent
than the standards of the CCX, and as a result forestry projects require dense stands
of trees, which would exclude property for grazing or crops (Holderieath et al.
2012). Furthermore, robust standards require more mature stands of trees, as
compared to the CCX, in order to sell credits (Holderieath et al. 2012). Specific
project types are eligible, they include: (1) Reforestation, (2) Improved Forest
Management, and (3) Avoided Conversion (CTUS Forest Projects Protocol 2014).
A reforestation project re-establishes an optimal stocking rate on a land
parcel that has had less than 10% tree canopy cover for a minimum of ten years
and has been subject to significant disturbance that has removed at least 20% of
the land’s above-ground live biomass in trees (CTUS Forest Projects Protocol
2014). No rotational harvesting can occur in the first 30 years, unless necessary to
prevent disease (CTUS Forest Projects Protocol 2014). The offset project may not
apply broadcast fertilization (CTUS Forest Projects Protocol 2014). The offset
project cannot take place on land that was a previously listed and verified forest
project or if the project was a voluntary offset program then the landowner must
demonstrate it has met all legal and contractual requirements to allow it to
terminate its project relationship with the voluntary offset program before
enrolling for ARB (CTUS Forest Projects Protocol 2014).
The limit to rotational harvesting can impede on the optimal harvesting time
for loblolly pine (25 years), yet would be less of an impediment on longleaf pine (45
years). In addition, if the project was eligible then landowners would have
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incentive to keep trees standing longer. Silvopasture requires healthy forage
establishment and maintenance. Fertilizer application is integrated into the cash
flow and management regime in order to enhance forage and tree growth, yet is not
necessary depending upon soil health and management. Understandably, the ARB
guidelines do not promote fertilizer application because they can be a net increase
in carbon dioxide, through transportation and application costs (CTUS Forest
Projects Protocol 2014). However, the biological diversity of silvopasture can aid in
reduction of fertilizer needs within the system compared to a traditional tree
plantation, due to macro and micronutrients left in cow patties.
The second project type is Improved Forest Management, which includes
activities such as increasing the overall age of the forest by increasing rotation ages,
increasing the forest productivity by thinning diseased and suppressed trees,
managing competing brush and short-lived forest species, increasing the stocking
of trees on understocked areas and maintaining stocks at high levels (CTUS Forest
Projects Protocol 2014). Silvopasture systems manage for multiple components,
not just trees. Light competition between forage and trees must be managed
appropriately; therefore tree-stocking rates are significantly reduced as compared
to traditional tree plantations to enhance forage growth.
The third, and final type of project is Avoided Conversion, or preventing the
conversion of forestland to a non-forest land use by dedicating the land to
continuous forest cover through a qualified conservation easement or transfer to
public ownership (CTUS Forest Projects Protocol 2014). A requirement for this
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project type does not allow for broadcast fertilization (CTUS Forest Projects
Protocol 2014). Silvopasture, as discussed above, must have a reduced number of
trees as compared to optimal or traditional stocking rates. Additionally,
silvopasture is generally considered a private venture.
Quantifying net greenhouse gas emissions and reductions can be
complicated. For example, standing live trees, shrubs, herbaceous understory, lying
dead wood, litter, soil carbon, in-use forest products, and forest products in landfills
are all carbon reservoirs (CTUS Forest Projects Protocol 2014). However,
biological emissions from site preparation, biological emissions from clearing of
forestland, harvesting, and decomposition of forest products, as well as combustion
emissions from site preparation activities, ongoing maintenance, and
transportation of forest products must be subtracted from total C storage potential.
Globally novel arrangements for environmental governance have emerged
in the form of policy networks (Plaza et al. 2011). In other words, environmental
governance is increasingly the result of diverse interests, activities, and capacities
of a variety of stakeholders, including governments, civil society organizations,
academic institutions, and international organizations (Plaza et al. 2011).
Successful Payments for Environmental Services (PES) projects were developed in
Chiapas, Mexico called Scolel Te, using the market as the main regulator for C
commodization by integrating a multi-sectoral approach (Plaza et al. 2011). Scolel
Te formed from an alliance between different stakeholders including indigenous
farmers, scientists and NGOs, which stimulated the emergence of a regional
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network of civil society and government institutions focused on creating consistent
guidelines for a statewide program (Plaza et al. 2011). Currently two communities,
677 producers, 5,000 individual plots, 2,000 ha in C sequestration activities, 2,660
ha-1 in avoided emissions activities and 7,500 ha in conservation and restoration
have resulted since 1997 (Plaza et al 2011.). Carbon payments to landowners only
reach about 20 to 25% of the net income that could be earned by putting the same
hectare in maize, however the payments are more than sufficient to cover the costs
of tree planting establishment (Plaza et al. 2011) Furthermore, potential revenue
from tree sales was not considered, as well as other environmental benefits such as
increased soil management and organic matter that could contribute to a
sustainable rural economy (Plaza et al. 2011).
The effects of range management of C storage can be both positive and negative.
More studies on rotational versus continuous grazing, low versus high livestock
stocking rates, erosion control, and invasive species control can provide better
insight (Diaz et al. 2010; Nair 2012). Grazing has the potential to increase soil C
due to a more rapid annual turnover of shoot material and changes in species
composition (Nair 2012). Agroforests may have the potential to store more C and
nitrogen than forests or pastures alone, due to more efficient sharing of site
resources between tree and pasture plants together with nitrogen fixation by
forage legumes and microclimate modification by trees that may significantly
increase overall net production of above ground biomass (Sharrow & Ismail 2004;
Udawatta and Jose, 2012). However, excessive grazing can affect total C and reduce
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above and belowground biomass (Nair 2012). Organic manure from ruminants can
significantly enhance soil organic carbon, however there is a limit to the C that can
enter soils (Nair 2012). For example, a study found that C sequestration did not
increase when manure applications increased from 120 to 190 Mg ha-1 yr-1, thus the
rate at which manure is applied cannot speed the rate of C sequestration (Nair
2012). Carbon sequestration and storage at this time is best determined on a site to
site basis as rangeland environments can shift from being C sinks to C sources
seasonally and from year to year (Diaz et al. 2010).

Conclusions of Silvopasture Carbon Payments
Currently, in the United States landowners interested in practicing
silvopasture have limited access to funding; yet provide very real ecosystem
services that benefit citizens both nationally and internationally. The current state
of quantifying C sequestration methods varies across disciplines, making it difficult
to compare data across land-uses. However, the limited studies conducted with
silvopasture give us a clearer understanding that the possible C storage of
agroforestry land management systems has the potential to sequester more C than
a traditional prairie or forest setting (Sharrow and Ismail 2004; Dube et al. 2011).
In addition, trees planted in conjunction with traditional livestock management can
offset GHG produced by ruminants to have a net zero balance of C emitted to the
atmosphere (Dube et al. 2011). Furthermore, trees planted in a silvopasture setting
are able to sequester as much, or more C than in a forest plantation setting
(Sharrow and Ismail 2004, Diaz et al. 2010).
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Carbon markets are some of the most known and debated ecosystem service
markets. While agroforestry provides more benefits than just C sequestration,
exploring this potential market is a good place to start when looking for payments
on the free market. Payments for soil conservation, water quality, and habitat can
be earned through government programs such as the CRP and EQIP, but oftentimes
come with strict regulations that may not fit with agroforestry. Moreover, current
ARB guidelines for the California market are robust and do not allow for integrated
land management, such as silvopasture. The main impediment is that tree cover for
all three project types require high tree stocking levels, which may reduce forage
growth. Again, this is unfortunate, because silvopasture has the potential to
sequester as much or more C than the land management systems ARB provides
payments for.
While more research could be done in temperate regions on the potential for
carbon sequestration in silvopasture, we have a good foundational understanding
of what these systems can bring to the table in terms of making a real effort to curb
climate change. Moreover, conducting cash flow analyses on silvopasture systems
without at least acknowledging the ability for ecosystem service payments
cheapens the capacity of agroforestry systems that provide more than just private
goods. According to Holderieath et al. (2012), “Global carbon trading may present a
unique opportunity to change the rural landscape by allowing landowners to make
an environmental impact with financial incentives.” The next step is providing
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enough incentive to promote adoption of silvopasture to ensure a healthy global
environment.

Methods and Cash Flow Analysis for Eastern North Carolina
A literature review was first conducted to determine current silvopasture
knowledge and experience in the Southeast. The Pate Place agroforestry plot at the
Center for Environmental Farming Systems (CEFS) in Goldsboro, North Carolina
determined in-situ silvopasture management decisions, such as tree species,
spacing, and experience with native warm season grasses. Foresters, agronomists,
and natural resource extension specialists were consulted during meetings,
workshops and conferences in order to determine pragmatic management regimes.
The studies conducted by Husak and Grado (2002) and Cubbage, Glenn, and
Mueller (2012), aided in cash flow design and analysis.
Budgets for estimated establishment costs and revenue for loblolly pine
(Pinus taeda) was determined by Cubbage and Abt (2014). Longleaf Pine (Pinus
palustris) revenue and yields were taken from Lohrey and Bailey (1976). Livestock
establishment and revenue budgets were prepared by North Carolina State
University Extension Economists Benson and Poore (2013). Cool season perennial
no till establishment, bermudagrass for hay and pasture, switch grass for hay and
pasture, and ladino clover for cool season pasture budgets were prepared by Crop
Science Extension Specialist, Green, and Extension Economist, Benson (2013). For
sensitivity analysis all cash flow analyses were conducted with 4% and 6% real
discount rates. Pasture management is assumed to be under rotational grazing.
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Calculations for the silvopasture model were conducted on a 100-acre basis,
which was the chosen size for the livestock budget compiled by NCSU Extension. In
order to attract potential loggers and host enough livestock for moderate profits
the land tract must be large enough to ensure future discounted revenues are
enough to cover input costs, also known as economy of scale.
Warm season grass budgets for permanent pasture were compiled for
bermudagrass and switch grass based on analyses by Green and Benson (2013).
The total cost to establish bermudagrass was an estimated $32,957 per 100 acres
(Green & Benson 2013). To establish switch grass the total cost was an estimated
$22,866 per 100 acres (Green & Benson 2013). Furthermore, a compilation budget
was created for Cool Season Perennial no till pasture establishment for $25,464 per
100 acres (Green & Benson 2013). The final pasture budget used for assessment
was no till cool season Ladino Clover, with total fixed costs of $30,000 per 100
acres in the establishment year (Green & Benson 2013). Ladino clover cannot be
seeded on its own, yet it aids in nitrogen fixation and is palatable to livestock.
Please refer to Appendix 2 for full list of activities and costs.
Warm season grass models were designed with an alley width of 80ft
(24.4m) and cool season grasses with an alley width of 40ft (12.2m) to allow for
differences in light competition. All planting options have one row of trees per set
for ease of establishment, with 6ft by 6ft (1.83m) tree row spacing and tree-to-tree
row spacing, similarly established on the CEFS farm (Cubbage, Glenn & Mueller
2012). Trees per acre and total seedlings needed were determined using the
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Silvopasture Planting Options and Trees Per Acre Tool created by Georgia NRCS State
Office (Ward 2015). For cool season grasses total seedlings for both loblolly pine
and longleaf pine needed for 100 acres was 18,150, or approximately 182 trees per
acre (TPA). For warm season grasses the total seedlings needed for 100 acres was
9,075, or approximately 91 TPA. The Georgia NRCS State Office suggests that the
field shape and planting design may cause some variation in TPA. Furthermore, the
Planting Options Tool provides a close estimation of trees needed, but potential
landowners should round up to the nearest thousand trees at a minimum in order
to account for defective or damaged seedlings. For the purposes of this model exact
numbers of seedlings were used.
Loblolly Pine
Cubbage and Abt’s loblolly pine budget accounts for 600 TPA at a growth
rate of 10m3 ha yr-1 for a fully stocked planted stand (2014). This is a relatively
common stocking rate for the Southeast. However, as discussed above the stocking
rates for silvopasture systems must be much lower than this base TPA in order to
manage light competition and allow for maximum forage growth. Therefore,
planting costs were reduced and subsequently revenue at thinning and final cut
was reduced. For cool season grass the base TPA was reduced to 30.3% (600 *
x=182, where x =.303) and for warm season grass the TPA was reduced to 15.2%
(600 * x =91, x =.152). For consistency purposes planting costs, and revenue
earned at the thinning and final cut were reduced to 30.3% of original cost for cool
season grass and 15.2 % of original cost for warm season grass.
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The loblolly pine standard model includes one thinning at age 17 ($57,750
per 100 acres) and final harvest at age 25 ($442,000 per 100 acres). Periodic stand
treatments, such as herbicide and fertilizer, are not applied to tree costs because
they are covered in the cost of pasture establishment. Furthermore, grazing will
keep down understory brush and manure can add nutrients such as nitrogen,
phosphorus, and potassium, as well as other micronutrients. Annual management
includes disease control and prevention, road management, fire control, and
property tax. Total management costs for loblolly pine are $2,100 per 100 acres
from years zero through 25 (Appendix 2).
The silvopasture loblolly pine models were assumed that the property is
already owned and that basic fencing already exists. Total revenue for warm
season grass combined with loblolly pine thinning in year 17 was $8,778 per 100
acres, and final cut revenue of $67,184 per 100 acres. Total revenue for cool season
grass thinning in year 17 was $17,498 per 100 acres and final cut revenue $133,926
per 100 acres in year 25.
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Table 2: Loblolly Pine Silvopasture Activity Schedule on 100 acres

Year
0
0
0
0
0
0
4
5 through 25
5 through 25
4
5 through 25
0 through 25
9, 14, 19, 24
9, 14, 19, 24
5 through 25
17
17
25
25

Loblolly Pine Silvopasture Activity Schedule NC
Activity
Bermudagrass Establishment (Warm Season Grass)
Switch Grass Establishment (Warm Season Grass)
Cool Season Grass Establishment
Clover Establishment (Cool Season Grass)
Site Prep/ Tree Planting Warm Season Grass
Site Prep/ Tree Planting Cool Season Grass
Cow/Bull Purchases
Replacement Purchase
Calf sales
Animal Maintenance
Animal Maintenance and Ownership
Loblolly Management
Bull Purchase
Bull Sale
Cull Sale
Thinning Warm Season Grass
Thinning Cool Season Grass
Loblolly Harvest Warm Season Grass
Loblolly Harvest Cool Season Grass

Longleaf Pine
The longleaf pine scenarios have a rotation age of 45 years with two
thinnings at ages 20 and 32 respectively (Dickens, Sunday & Moorhead 2014).
Volumes were calculated from Lohrey and Bailey, 500TPA, site index of 70.
Stocking rates were reduced to 18.2% for warm season grass (500 * x =91, x =.182)
and 36.4% for cool season grass (500 * x = 182, x =.364). Again for consistency
purposes the planting costs and revenue earned at the thinning and final cut were
reduced to 18.2% for warm season grass and 36.4% for cool season grass.

78
Planting and establishment costs were taken from North Carolina Forest
Service (NCFS) Forest Development Program 2014, Region 1 in Whiteville, NC.
Median rates for site preparation and planting for the longleaf pine standard model
were $38,500 100ac (NCFS 2014). For warm season grass silvopasture site
preparation and planting was $7,007 100ac and $14,014 100ac for cool season
grass. As conducted for loblolly pine, periodic stand treatments are not applied.
Furthermore, for consistency, annual management is treated the same as loblolly
pine. Price per ton for revenue was determined from Forest2Market Southeast,
conversion factors from cu ft-1 ac to tons was determined by TimberMartSouth.com.
Longleaf revenue with warm season grasses at thinning one was $2,759 per
100 acres, thinning two was $8,115 per 100 acres and final harvest was $55,925
per 100 acres. Longleaf revenue with cool season grasses at thinning one (20 years)
was $5,518 per 100 acres, thinning two (32 years) was $16,230 per 100 acres, and
final harvest (45 years) was $111,851 per 100 acres. The activity schedule for
longleaf pine can be seen in Table 3.
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Table 3: Longleaf Pine Silvopasture Activity Schedule on 100 acres

Longleaf Pine Silvopasture Activity Schedule NC
Year
Activity
0
Bermudagrass Establishment (Warm Season Grass)
0
Switch Grass Establishment (Warm Season Grass)
0
Cool Season Grass Establishment
0
Clover Establishment (Cool Season Grass)
0
Site Prep/ Tree Planting Warm Season Grass
0
Site Prep/ Tree Planting Cool Season Grass
4
Cow Purchases
5 through 45
Replacement Purchase
5 through 45
Calf sales
4
Animal Maintenance
5 through 45
Animal Maintenance and Ownership
0 through 45
Longleaf Management
9, 14, 19, 24, 29, 34, 39, 44 Bull Purchase
9, 14, 19, 24, 29, 34, 39, 44 Bull Sale
5 through 45
Cull Sale
20
Thinning Warm Season Grass
20
Thinning Cool Season Grass
32
Thinning Warm Season Grass
32
Thinning Cool Season Grass
45
Longleaf Harvest Warm Season Grass
45
Longleaf Harvest Cool Season Grass

Cattle Management
According to Husak and Grado, one bull can service 25 to 30 heifers;
therefore the purchase of two bulls and 48 cows was factored into year zero, for
approximately two acres per animal (Table 4) (Husak & Grado, 2002). Assuming
the calving rate is 92% (Husak and Grado 2002), approximately 44 calves will be
born annually, increasing the total stocking rate to 94 animals from year five in
perpetuity.
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According to Benson and Poore (2013), steers at 575 lbs are sold for
approximately $152.00 cwt; heifers at 525 lbs are sold for approximately $144.00
cwt (Benson & Poore 2013). For the cattle standard model, 48 heifers were
purchased in year 0 for a total of $36,288. It is assumed that 50% of calves were
born male and sold as steers and 50% of calves were born as female and sold as
heifers. Twenty-two steers were sold annually for a total of $19,228, and 22 heifers
were sold starting in year one for $16,632 for a total of $35,860. Additionally six
culls were sold starting in year one for $5,760 (Benson & Poore 2013).
Six replacements were factored into the cash flow annually at $7,800 (Table
4) (Benson & Poore 2013). Additionally, bulls are able to produce healthy calves
for about five years, and are sold and replaced accordingly (Husak and Grado
2002). Bulls were purchased for $4,312.50 head (Baker 2014) and sold for
$1,920.00 head (Benson & Poore 2013). For consistency cattle prices are held
constant through all rotations (Husak & Grado, 2002).
To ensure a healthy herd, supplemental feed, minerals, vaccines, breeding
costs, vet and medical bills, and fly control totaled $17,303 for year zero. Implants
were factored into animal maintenance for calves only. Animal maintenance and
ownership increased to $21,284 in year one and continued through the rotation,
which includes animal costs, fence repair and facility maintenance. Replacements
were $7,800 for six head starting in year two. Please refer to Appendix 1 for a full
list of costs and activities.
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Husak and Grado introduced cattle into their silvopasture system at year
two to allow for forage and tree establishment (Husak & Grado 2002). However,
Hamilton recommends livestock not be introduced until year three or four, to
ensure trees have sufficient time to grow beyond browse-line (Hamilton 2008).
Hence, to be prudent, ruminants are not added to the modeled silvopasture systems
until year four and the revenue stream does not begin until year five.
Stocking rates were reduced to allow three acres per cow-calf pair for
silvopasture systems. Thirty four heifers and two bulls were purchased in year
four for $11,362 (Tables 2 and 3). For the silvopasture herds, year four animal
maintenance, including supplemental feed, minerals, vaccines, fly control, calf
implants, breeding costs, and vet and medical totaled $12,501. From year five
through the rotation, animal maintenance and ownership costs totaled $16,482. Six
replacements were $7,800 for six head starting in year five (Appendix 1).
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Table 4: Cattle Standard Activity Schedule for Eastern North Carolina

Year
0
2 through 25
0, 4, 8, 12, 16...
1 through 25
0
1 through 25
4, 8, 12, 16, 24
1 through 25

Cattle Standard Activity Schedule NC
Activity
Cow Purchases
Replacement Purchase
Bull Purchase
Calf sales
Animal Maintenance
Animal Maintenance and Ownership
Bull Sale
Cull Sale
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Eastern North Carolina Results
Financial viability of a land management investment is most commonly
determined by the Net Present Value (NPV) (Godsey et al. 2009). Long term
investments net value cannot be determined by comparing nominal values (Godsey
et al. 2009). Therefore, NPV subtracts the present value of an investment’s total
costs from the present value of the investments total revenues (Godsey et al. 2009).
Internal Rate of Return (IRR) is used both in financial and economic
efficiency analysis to produce either an internal financial rate of return or an
economic rate of return (FAO 2016). The IRR asks: What rate of discount would
have to be used to obtain an NPV of zero, or what is the implied discount rate that
would make the present value of project benefits equal to the present value of
project costs? (FAO 2016). In other words, the IRR is the discount rate at which an
agroforestry alternative can break even (Godsey et al. 2009).
Annual Equivalent Value (AEV) expresses NPV in annual equivalents
distributed equally over the years of the lifespan of the investment (Godsey et al.
2009). AEV can be useful when comparing alternatives on an annual basis,
especially when comparing long-term tree investments with other crop production
(Godsey et al. 2009). Land Expectation Value (LEV), also known as the Faustmann
formula, estimates land value based on all expected future costs and revenues
generated from this land use in perpetuity, and can be especially useful when
comparing management regimes with different time-scales (Godsey et al. 2009).
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Loblolly Pine Standard Model
Loblolly pine, traditionally stocked on 100 acres with 600 TPA, on a rotation
of 25 years at a 4% discount rate accrued an NPV of $111,042, LEV of $177,701, IRR
of 8.416%, and AEV of $7,108. Loblolly pine, traditionally stocked on 100 acres
with 600 TPA, on a rotation of 25 years at a 6% discount rate accrued an NPV of
$45,986, LEV of $59,956, and AEV of $4,796.
Longleaf Pine Standard Model
Longleaf pine, traditionally stocked on 100 acres with 500TPA, on a rotation
of 45 years at a 4% discount rate accrued an NPV of -$11,876, LEV of -$14,329, IRR
of 3.498%, and AEV of -$573. Longleaf pine, traditionally stocked on 100 acres with
500TPA, on a rotation of 45 years at a 6% discount rate accrued an NPV of $39,096, LEV of -$42,159, and AEV of -$2,529 (Table 5).

Table 5: Loblolly Pine and Longleaf Pine Standard Models Capital Budgeting on 100 acres

NPV
LEV
IRR
AEV

Loblolly 4%
(25 yr)

Loblolly 6%
(25 yr)

Longleaf 4%
(45 yr)

Longleaf 6%
(45 yr)

$111,042.56
$177,701.31
8.416%
$7,108.05

$45,986.64
$59,956.40

-$11,876.39
-$14,329.60
3.498%
-$573.18

-$39,096.80
-$42,159.70

$4,796.51

-$2,529.58

North Carolina Cattle Standard Model
The price of cattle was at a record high in the 2013-2014 fiscal years
(Anderson 2016). We assume the starting land base is going from pasture to
silvopasture, therefore no pasture establishment was necessary for the cattle
standard model. The cattle standard model, with 48 heifers and two bulls on 100
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acres at a 4% real discount rate accrued an NPV of $129,330, LEV of $206,967, IRR
of 20.698% and AEV of $8,278. The cattle standard model on 100 acres at a 6%
real discount rate accrued an NPV of $95,472, LEV of $119,052, and AEV of $4,762.

Table 6: Cattle Standard Model Capital Budgeting on 100 acres

NPV
LEV
IRR
AEV

Livestock 4%
(25 yr)

Livestock 6%
(25 yr)

$129,330.24
$206,967.07
20.698%
$8,278.68

$95,472.99
$119,052.77
$4,762.11

86

Silvopasture Loblolly Pine Model
The silvopasture system does not accrue as much as the loblolly pine
standard model or the cattle standard model at both a 4% and 6% real discount
rate. As seen in Tables 7 and Figure 16, bermudagrass accrued the lowest potential
value. At a 4% real discount rate on 100 acres the NPV was $34,575, LEV was
$55,331, IRR of 7.156% and AEV was $2,213. The highest potential value was for
cool season grasses, as seen in Table 8, with a 4% real discount rate, where the NPV
was $64,107, LEV was $102,590, IRR of 8.685%, and AEV was $4,103.

Table 7: Warm Season Grass Silvopasture Loblolly Pine Model Capital Budgeting on 100 acres

NPV
LEV
IRR
AEV

Bermuda 4%
$34,575.78
$55,331.59
7.156%
$2,213.26

Bermuda 6%
$10,228.42
$13,335.59
$800.14

Switch 4%
$44,666.72
$71,480.11
8.623%
$2,859.20

Switch 6%
$20,319.35
$26,491.94
$1,589.52

Table 8: Cool Season Grass Silvopasture Loblolly Pine Model Capital Budgeting on 100 acres

NPV
LEV
IRR
AEV

Cool Season 4%
$64,107.29
$102,590.84
8.685%
$4,103.63

Cool Season 6% Clover 4%
$29,036.32
$59,571.29
$37,856.94
$95,331.88
8.156%
$2,271.42
$3,813.28

Clover 6%
$24,500.32
$31,943.00
$1,916.58
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Silvopasture Longleaf Pine Model
Longleaf pine revenue was significantly less than loblolly pine; as a result the
silvopasture system was able to carry the debt of initial costs of tree planting for
longleaf pine. Positive cash flows were seen for a 4% real discount rate on 100
acres, where the lowest return was for bermudagrass; NPV for bermudagrass was
$14,921, LEV was $18,003, an IRR of 4.982%, and AEV of $720 (Table 9 and Figure
17). Cool season grass accrued the highest NPV and LEV with a 4% real discount
rate on 100 acres; where NPV was $28,554, LEV was $34,452, an IRR of 5.621%, and
AEV $1,378 (Table 10 and Figure 17). Switch grass accrued the highest return with
an LEV of 5.861%.

Table 9: Warm Season Grass Silvopasture Longleaf Pine Model Capital Budgeting on 100 acres

NPV
LEV
IRR
AEV

Bermuda 4%
$14,921.50
$18,003.71
4.982%
$720.15

Bermuda 6%
-$11,458.92
-$12,356.63
-$741.40

Switch 4%
$25,012.43
$30,179.04
5.861%
$1,207.16

Switch 6%
-$1,367.99
-$1,475.16
-$88.51

Table 10: Cool Season Grass Silvopasture Longleaf Pine Model Capital Budgeting on 100 acres

NPV
LEV
IRR
AEV

Cool Season 4%
$28,554.68
$34,452.98
5.6214%
$1,378.12

Cool Season 6%
-$4,791.86
-$5,167.26
-$310.04

Clover 4%
$24,018.68
$28,980.02
5.300%
$1,159.20

Clover 6%
-$9,327.86
-$10,058.62
-$603.52
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NPV for 100 Acre Silvopasture Loblolly Pine Farm
in Eastern NC
Grass Species at 4% and 6% Discount Rates

Clover 6%

$24,500.32

Clover 4%

$59,571.29

Cool Season 6%

$29,036.32

Cool Season 4%

$64,107.29

Switch 6%

$20,319.35

Switch 4%

$44,666.72

Bermuda 6%

$10,228.42

Bermuda 4%

$34,575.78
$0

$10,000
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$30,000

$40,000

$50,000

$60,000

$70,000

Dollars per 100 acres
Figure 16: Net Present Value for 100 acre silvopasture with loblolly pine, where the highest NPV is for cool season grasses at 4% real discount rate.
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Grass Species at 4% Real Discount Rates

NPV for 100 Acre Silvopasture Longleaf Pine Farm
in Eastern NC
Clover 4%

$24,018.68

Cool Season 4%

$28,554.68

Switch 4%

$25,012.43

Bermuda 4%

$14,921.50
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$50,000

$60,000

$70,000

Dollars per 100 acres
Figure 17: Net Present Value for 100 acre silvopasture with longleaf pine, where the highest NPV is for cool season grasses at a 4% real discount rate.

*Forages at a 6% real discount rate are not shown here because of negative economic indicators.
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LEV for 100 Acre Silvopasture Loblolly Pine Farm
in Eastern NC
Grass Species at 4% and 6% Discount Rates

Clover 6%

$31,943.00

Clover 4%

$95,331.88

Cool Season 6%

$37,856.94

Cool Season 4%

$102,590.84
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Figure 18: Land Expectation Value for 100 acre silvopasture with loblolly pine, where highest LEV is for cool season grasses at 4% real discount rate.
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Grass Species at 4% Real Discount Rate

LEV for 100 Acre Silvopasture Longleaf Pine Farm
in Eastern NC
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Figure 19: Land Expectation Value for 100 acre silvopasture with longleaf pine, where the highest LEV is for cool season grasses at 4% real discount rate.

*Forages at a 6% real discount rate are not shown here because of negative economic indicators.
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Discussion for Eastern North Carolina
Tree planting, management costs, and revenue scenarios for loblolly pine
and longleaf pine models are robust and reflect a true to market value for 2013 2014 years. The management of modeled livestock production for this study is
based off of Husak and Grado (2002) in-situ data and cash flow analyses, yet
reflects the Benson and Poore livestock budget, which is truer to cattle
management as practiced by ranchers. Livestock on a 25 year rotation at a 4% real
discount rate had an NPV of $1,293 per acre and LEV of $2,069 per acre. At a 6%
real discount rate the NPV was $954 per acre and LEV of $1,190 respectively.
When comparing the livestock model to models with different time scales, for
example between 25 year rotations and 45 year rotations, the best calculation
comparison is between LEVs.
Loblolly pine data provided by Cubbage and Abt (2014) and the North
Carolina Forest Service (2014), on a 25-year rotation at a 4% real discount rate
accrues an NPV $1,110 per acre respectively and LEV of $1,777. Loblolly pine
silvopasture at a 4% real discount rate accrued a NPV with bermudagrass of $345
per acre, NPV with switch grass was $446 per acre, NPV with cool season was $641
per acre and NPV with clover was $595 per acre. Loblolly pine silvopasture at a 4%
real discount rate accrued a LEV with bermudagrass of $553 per acre, LEV with
switch grass of $714 per acre, LEV with cool season grass of $1,025 per acre, and
LEV with clover of $953 per acre. Therefore, traditionally stocked loblolly pine
stands are more economically advantageous than silvopastoral systems.
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Conversely, longleaf pine data provided by Lohrey and Bailey (1976) and the
North Carolina Forest Service (2014), on a 45-year rotation have negative cash
flows for both 4 and 6% real discount rates. However, when combined with
livestock management, longleaf pine silvopastoral systems accrued an NPV at a 4%
real discount rate with bermudagrass of $149 per acre, NPV with switch grass was
$250 per acre, NPV with cool season grass was 285 per acre, and NPV with clover
was $240 per acre. Longleaf pine silvopasture at a 4% real discount rate accrued a
LEV with bermudagrass of $180 per acre, LEV with switch grass of $301 per acre,
LEV with cool season grass of $344 per acre, and LEV with clover of $289 per acre.
As a result, silvopasture enhances the system to be more economically viable than
planting longleaf pine alone.
Silvopasture is profitable for bermudagrass, switch grass, cool season grass,
and clover regimes at a 4% real discount rate across all models. Interestingly,
longleaf pine is not profitable when managed alone, but is profitable when
combined with livestock management. However, livestock management, loblolly
pine, and loblolly pine silvopasture surpass longleaf pine and longleaf pine
silvopasture systems in profitability. The economic indicators suggest that loblolly
pine combined with cool season grass may be the most profitable silvopasture
system.
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Methods and Cash Flow Analysis for Northeastern Oregon
Foresters, extension specialists, and experts in the field were consulted
during meetings, workshops and via phone in order to determine pragmatic
management regimes. Significantly more livestock husbandry is conducted in
eastern Oregon than west of the Cascade mountain range. Ponderosa pine is the
most intensively managed timber product in the Blue Mountain region of Oregon.
Lodgepole pine has been cited as a managed timber species, however major
industries including Boise Cascade will not purchase lodgepole at this time.
Budgets for estimated costs and revenue for ponderosa pine were
determined by Oregon Department of Forestry (ODF) Component Codes and Cost
Share Rates, effective July 1, 2013. Revenue and yields were taken from Bowers
(2014), Alternative Investment data. Oregon State University is one of a handful of
land-grant universities that have not updated their livestock budgets since the mid1980s, therefore the cow-calf budget for northern Idaho compiled by Painter and
Rimbey (2015), was employed. Management for northern Idaho is very similar to
northeast Oregon.
Ponderosa pine forests in the Blue Mountain Region have sufficient natural
forage growth, including Idaho fescue, bluebunch wheatgrass, antelope bitterbrush,
and other forbs for summer pasture (Fitzgerald & Emmingham 2005). As
conducted for the North Carolina component of the study, all cash flow analyses
were conducted with 4% and 6% real discount rates. Calculations for the
silvopasture and ponderosa pine control model were conducted on a 1,000-acre
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basis as suggested by ODF data; livestock in this region need upwards of 10 ac per
cow-calf pair on poor site conditions.

Ponderosa Pine
Ponderosa pine has a longer rotation age than southern yellow pines,
generally a base of 100 years (Bowers 2014). The median site index of 80 was
assumed. Ponderosa pine revenue and yields are based off approximately 400TPA
for a total of 400,000 seedlings for 1,000 acres (Bowers 2014). Bowers suggests all
planting costs (site prep, planting, fertilizer, and other management costs) should
equal no more than $540 per acre. The Oregon Department of Forestry suggests
median site preparation costs are approximately $275 per acre, fertilizer at low
priority to establish the stand is $160 per acre, and a non-commercial thin is $200
per acre in year 20.
The total harvest value per acre for a 100-year rotation is $5,944.2 or a total
of $5,944,200 per 1,000 acres. Bowers suggests setting aside 15% of total revenue
for harvest taxes and logging costs, however that was not factored in at this time
(Bowers 2016).

Cattle Management Standard Model
The 2014 Cow-calf budget compiled by Painter and Rimbey (2014), accounts
for summering on private range with winter feeding necessary. There are no base
land units provided, as it depends upon the private sites either owned or leased by
individuals. Livestock management for eastern Oregon undergoes an annual cycle,
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where animals are left out to graze on pasture from April through November, and
then held on wintering land from December through March and fed supplemental
feed (alfalfa and barley) (Table 11) (Painter & Rimbey 2014). It is assumed that all
cattle are rotationally grazed during summer months. In addition, there is an
assumed 90% annual calving rate and 2% death loss rate (Painter & Rimbey 2014).
Two bulls are purchased and replaced every four years (Painter & Rimbey 2014).
Ten animals are culled a year due to poor quality (animal confirmation or poor
breeding) (Painter & Rimbey 2014). The livestock budget accounts for a total of
113 steer calves, 55 heifer calves, and 10 cull replacement heifers sold for
$193,307. Ten replacement heifers are sold for $12,600. In addition, two aged bulls
are purchased for $4,867 every four years and sold every four years for $1,920
(Appendix 1) (Painter & Rimbey 2014).
Animal maintenance costs for winter feeding include alfalfa grass hay, feed
barley, and salt (Painter & Rimbey 2014). Additionally costs such as veterinary
medicine, labor, and commission are added into annual maintenance costs for a
total of $155,944 per 1,000 acres (Painter & Rimbey 2014). Other management
costs include housing improvement, machinery, vehicles, overhead, and interest
costs for a total of $35,070 per 1,000 acres (Painter & Rimbey 2014).
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Table 11: Annual Cow/Calf Schedule (Painter and Rimbey 2014)

Month
December
January
February
March
April
May
June
July
August
September
October
November

Annual Cow-Calf Schedule OR
Activity
Winter Feeding Alfalfa/Grass Replacement- Barley
Winter Feeding Alfalfa/Grass Replacement- Barley
Winter Feeding Alfalfa/Grass Replacement- Barley
Winter Feeding Alfalfa/Grass Replacement- Barley
Private pasture
Private pasture
Private Pasture; cull animals sold
Private Pasture
Private Pasture
Private Pasture
Private Pasture
Private Pasture

Table 12: Cattle Standard Activity Schedule for Northeastern Oregon

Year
0
1 through 100
0 through 100
0 through 100
1 through 100
4, 8, 12, 16, 20…
4, 8, 12, 16, 20…

Cattle Standard Activity Schedule OR
Activity
Cow Purchases
Cow sales
Animal Maintenance
Ownership Costs
Replacement cost
Bull Purchase
Bull Sale

Silvopasture Assumptions
The silvopasture model assumes that the livestock holder owns at least
1,000 acres of private land for pasture with a median site index of 80, where he can
maintain and plant ponderosa pine. For this reason the leasing rate of private
pasture is not included. For the silvopasture model planted trees have been
reduced by 8.25% to enhance a more savannah-like biome, for a total of 352 TPA
(400*.0825=48.5, 352TPA). A non-commercial thin was conducted at year 20 to
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reduce competition between forage and trees, as well as to reduce ladder fuels.
Non-commercial thins can cost anywhere from $70 to $400 per acre (Wagner
2016). According to the Oregon Department of Forestry, a medium noncommercial thin operation will cost $200 per acre. Using the Silvopasture Planting
Options and Trees Per Acre Tool created by Georgia NRCS State Office, the spatial
design could be an alley width of approximately 40 feet, with 3 rows per set, and
7X7 ft. tree to tree in row spacing (Ward 2015).
Cows are purchased in year five for a total of $57,691 for 248 heifers and 2
bulls. Livestock are sold from year six through 100 for $197,307 annually, for 113
steer calves (550 cwt), 55 heifer calves (500 cwt), and ten cull replacement heifers
(900 cwt). Bulls are purchased when they are two years old and sold every four
years (Table 13).
Table 13: Ponderosa Pine, Silvopasture Activity Schedule on rotation of 100 years

Ponderosa Pine Silvopasture Activity Schedule OR
Year
Activity
0
Site Prep/ Tree Planting
5
Cow Purchases
6 through 100
Cow sales
5 through 100
Animal Maintenance
5 through100
Ownership Costs
1
Ponderosa Fertilization
Ponderosa Non-commercial
20
Thin
9, 13, 17, 21…97
Bull Purchase
9, 13, 17, 21…97
Bull Sale
7 through 100
Cull Replacement Sale
100
Ponderosa Harvest
6 through 100
Replacement cost
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Northeastern Oregon Results
Ponderosa Pine Standard model
Ponderosa pine on a rotation of 100 years on a land base of 1,000 acres at a
4% real discount rate accrued a negative NPV of -$403,196, LEV of -$411,340, IRR
of 2.397%, and AEV of -$16,453. Similarly, at a 6% real discount rate, cash flows
were negative for all indicators; NPV was -$471,553, LEV was -$472,947, and AEV
was -$28,376 (Tables 14 and 15)
Oregon Cattle Standard Model
Modeled livestock operations in northeastern Oregon on 1,000 acres at a real
discount rate of 4% on a 100 year rotation accrued an NPV of $935,855, LEV of
$954,760, IRR of 19.493% and AEV of $38,190. Profit margins drop significantly at
a 6% real discount rate where the NPV was $554,197, LEV was $556,557, and AEV
was $22,262 (Tables 14 and 15, as well as Figures 20 and 21).

Silvopasture Ponderosa Pine Model
Combined livestock and ponderosa pine silvopastoral management at a 4%
real discount rate on 1,000 acres accrued an NPV of $274,243, LEV of $279,783, an
IRR of 5.337%, and AEV of $11,191. Ponderosa pine silvopastoral management on
1,000 acres at a 6% real discount rate was negative across all indicators: NPV was
approximately -$83,650, LEV was $-83,898, and AEV was $-5,033 (Tables 14 and
15, as well as Figures 20 and 21).
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Table 14: Capital budgeting models for cattle standard, ponderosa pine standard, and silvopasture at a
4% real discount rate on 1,000 acres

Discount Rate 4%
NPV
LEV
IRR
AEV

Cattle
Ponderosa
Ponderosa
Standard
Standard
Silvopasture
$935,855.88
-$403,196.14
$274,243.37
$954,760.17
-$411,340.71
$279,783.08
19.493%
2.397%
5.337%
$38,190.41
-$16,453.63
$11,191.32

Table 15: Capital budgeting models for cattle standard, ponderosa pine standard, and silvopasture at a
6% real discount rate on 1,000 acres

Discount Rate 6%
NPV
LEV
IRR
AEV

Cattle
Ponderosa
Ponderosa
Standard
Standard
Silvopasture
$554,917.51
-$471,553.44
-$83,650.90
$556,557.82
-$472,947.32
-$83,898.17
19.493%
2.397%
5.337%
$22,262.31
-$28,376.84
-$5,033.89
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NPV for Cattle Standard Model and Ponderosa Silvopasture Model

Land Management System
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Figure 20: Net Present Value for cattle standard model and silvopasture model, where NPV is highest for cattle standard at a real discount rate of 4%.

*Forages at a 6% real discount rate are not shown here because of negative economic indicators.
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LEV for Cattle Standard Model and Ponderosa Silvopasture Model

Land Management System
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Figure 21: Land Expectation Value for cattle standard model and silvopasture model, where LEV is highest for cattle standard at a real discount rate of 4%

*Forages at a 6% real discount rate are not shown here because of negative economic indicators.
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Discussion for Northeast Oregon
Pertinent literature, extension agents, business owners and experts in the field
were consulted in order to ensure livestock and tree management data is modeled
after realistic scenarios. Leticia Varelas, Livestock and Range Extension Agent out of
Baker County, Tim DelCurto, program head and director of Eastern Oregon
Agricultural Research Center in Union, OR and Rick Wagner, from the Oregon
Department of Forestry gave recommendations through personal communication
for management scenarios. Painter and Rimbey’s Enterprise Budget (2014), was
used in capital budgeting analyses. Painter was contacted to discuss the Enterprise
budget in further detail.
Ponderosa pine data provided by Bowers (2014) and the Oregon Department of
Forestry (2013); on a 100 year rotation has negative cash flows for both 4% and
6% real discount rates. The cattle standard model, using the budgeting data from
northern Idaho (Painter & Rimbey 2015) at 4% real discount rate accrues an NPV
of $935 per acre, and 6% real discount rate accrues an NPV of $554 per acre.
Silvopasture at a 4% real discount rate accrues an NPV of $274 per acre, and 6%
real discount rate accrues an NPV of -$83 per acre, respectively.
Furthermore, LEV for the cattle standard model at 4% real discount rate
accrues $954 per acre. Silvopasture LEV at 4% real discount rate accrues $279 per
acre, therefore managing cattle alone is more profitable than silvopasture. The
price of cattle is expected to decrease from the 2014 fiscal year, and stay steady
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into the future (Anderson 2016). Therefore livestock management may not be as
profitable moving forward.
Ponderosa pine is not profitable alone, but when combined with silvopasture is
economically viable. Nevertheless, it is not advantageous to plant trees if managing
a livestock herd when considering upwards of $400 per acre loss. Yet, landowners
often have trees established on private land, and therefore do not have site
preparation and planting costs. Oftentimes landowners do not manage their forest,
in turn reducing potential forage for livestock, and increasing ladder fuels and fire
risk. By employing silvopasture management techniques, landowners can reduce
fire risk, increase potential profits by reducing tree to tree competition, and ensure
a healthier herd from added protection from adverse weather, and increased forage
under canopy.

Conclusion
Silvopasture has been identified as the most promising agroforestry system
for the southeast and Pacific Northwest, United States. However, the breadth and
depth of economic studies pertaining to silvopasture have been extremely limited
to a handful of analyses conducted in Florida, Georgia and western Oregon. This
study is the first of its kind to explore the economic viability of silvopasture in the
coastal region of North Carolina (eastern North Carolina) and Blue Mountain region
of Oregon (northeastern Oregon). There are a few key similarities between
silvopasture systems in both regions. The Pacific Northwest and Southeast have a
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history of livestock and tree management expanding back to the Native Americans,
and industrialized during colonialization. Furthermore, cattle in both regions
benefit from shade provided by trees and enhanced environmental health and
diversity (Table 16).
Silvopasture provides a unique opportunity for enhanced biological
diversity (Udawatta & Jose 2011), reduced erosion (Bishaw, Emmingham & Rogers
2002), increased nutrient uptake (Sharrow 1997; Bishaw, Emmingham & Rogers
2002) and carbon sequestration (Schoeneberger 2014). More in-situ and modeled
studies are needed to quantify the C sequestration potential of silvopasture
systems. At this time landowners interested in practicing silvopasture have limited
access to funding, and all carbon payment programs have strict regulations that do
not fit the criteria of silvopasture. However, studies have shown that agroforestry
systems have greater C sequestration potential than monocropping systems,
prairies, or forest plantations alone; and should be considered very real C sinks
(Dube et al. 2011). Failure to acknowledge the social externalities in profitability
analyses may result in a gross under-valuation of silvopasture systems (Alavalapati
et al. 2004).
Notably, there are differences between the management scenarios in North
Carolina and Oregon. North Carolina has a higher cattle stocking rate because net
primary production of grasses allows for more animals per acre. While pasture
establishment is not necessary in northeastern Oregon; a lower stocking rate of
upwards of 1 cow-calf pair per ten acres is needed to provide enough forage on
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poorest sites. One cow per four acres was used for this study, as suggested by site
visits to Union, Oregon.
The management regimes presented here represent a few robust probable
silvopature regimes out of the infinite number of possibilities. Individual
landowners wishing to analyze the profitability of silvopasture on their property
can use the cash flow methods described here using their individual site index,
potential timber yields, input costs, risk, objectives and other qualitative criteria
(Cubbage & Hodges 1989). However, the analyses presented here suggest some
valuable conclusions.
Economic indicators suggest loblolly pine timber management and cattle
management in North Carolina is more profitable than silvopasture. Similarly,
cattle management is more profitable than silvopasture in northeastern Oregon.
However, ponderosa pine is not profitable in traditional timber plantations, and is
more economically viable when combined with livestock management. Similarly,
longleaf pine is not profitable in plantation form, and is more economically viable
when combined with livestock management (Table 16). When looking at NPV and
LEV, silvopasture loblolly pine management is more profitable than longleaf pine.
This is likely because income is generated at shorter intervals for loblolly pine.
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Table 16: Differences and similarities between North Carolina and Oregon land management systems

Differences
OR
Lower cattle
stocking rate

Similarities
Both
History of livestock and tree
management in both regions

Forage
establishment
necessary

Native forages
suffice for summer
grazing

Both ponderosa pine and
longleaf benefit economically
from silvopasture, however
cattle management is most
profitable regime for North
Carolina and Oregon

Loblolly pine and
cattle standard
models are more
profitable than
silvopasture

Cattle management
is more profitable
than silvopasture

NC
Higher cattle
stocking rate

Cattle benefit from shade
provided by trees
Potential carbon benefits
Environmental benefits
(reduced erosion, nutrient
uptake)

Further economic criteria could be added to the models provided here,
including government subsidies for sustainable land management. However, those
programs are not specifically designed for silvopasture, and habitually change
funding amounts and criteria annually. Moving forward, in-situ locations, such as
the Center for Environmental Farming Systems in Goldsboro, NC could be analyzed
and compared to the modeled scenarios. Additionally, models moving from forest
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to silvopasture could assist landowners when making decisions about purchasing
livestock.
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Appendix 1: Cost and Unit Activity Schedules for All Models

Table 17: Cost and unit activity schedule for loblolly pine standard model

Loblolly Pine Standard Activity Schedule NC
Year

Activity

Cost / 100 ac

Unit

0

Site Prep/ Tree Planting

$

49,500.00

600 TPA

0 through 25

Loblolly Management

$

2,100.00

17

Thinning

$

57,750.00

175.4 tons/ac

25

Loblolly Harvest

$

442,000.00

596.76 tons/ac

Disease Control, Roads, Fire Control, Administration, Property Tax
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Table 18: Cost and unit activity schedule for longleaf pine standard model

Longleaf Pine Standard Activity Schedule NC
Year

Activity

Cost / 100 ac

Unit

0
0 through 45
20
32
45

Site Prep/ Tree Planting
Longleaf Management
Thinning
Thinning
Longleaf Harvest

$
$
$
$
$

500 TPA
Disease Control, Roads, Fire Control, Administration, Property Tax
18.95 tons/ac
30.23 tons/ac
83.05 tons/ac

38,500.00
2,100.00
15,160.00
44,589.25
307,285.00
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Table 19: Cost and unit activity schedule for cattle standard model in eastern North Carolina

Cattle Standard Activity Schedule NC
Year

Activity

Cost / 100 ac

Unit

0
2 through 25
0, 4, 8, 12, 16...
1 through 25
0
1 through 25
4, 8, 12, 16, 24
1 through 25

Cow Purchases
Replacement Purchase
Bull Purchase
Calf sales
Animal Maintenance
Animal Maintenance and Ownership
Bull Sale
Cull Sale

$
$
$
$
$
$
$
$

48 heifers
6 head/ yr
2 head
22 steers, 22 heifers
Minerals Veterinary Medicine, ext.
Animal Costs and Fence Repair and Facility Maintenance
2 head
6 head/ yr

36,288.00
7,800.00
4,312.50
35,860.00
17,303.30
21,284.90
1,920.00
5,760.00

121
Table 20: Cost and unit activity schedule for loblolly pine silvopasture model

Loblolly Pine Silvopasture Activity Schedule NC
Year

Activity

Cost/ 100 ac

0
0
0
0
0
0
4
5 through 25
5 through 25
4
5 through 25
0 through 25
9, 14, 19, 24
9, 14, 19, 24
5 through 25
17
17
25
25

Bermudagrass Establishment (Warm Season Grass)
Switchgrass Establishment (Warm Season Grass)
Cool Season Grass Establishment
Clover Establishment (Cool Season Grass)
Site Prep/ Tree Planting Warm Season Grass
Site Prep/ Tree Planting Cool Season Grass
Cow/Bull Purchases
Replacement Purchase
Calf sales
Animal Maintenance
Animal Maintenance and Ownership
Loblolly Management
Bull Purchase
Bull Sale
Cull Sale
Thinning Warm Season Grass
Thinning Cool Season Grass
Loblolly Harvest Warm Season Grass
Loblolly Harvest Cool Season Grass

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Unit
32,957.60
22,866.67
25,464.38
30,000.38
7,524.00
14,998.50
11,362.74
7,800.00
25,265.00
12,501.26
16,482.86
600.00
4,312.50
1,920.00
5,760.00
8,778.00
17,498.25
67,184.00
133,926.00

600 TPA
600 TPA
34 heifers 2 bulls
6 head/ yr
15.5 heifers, 15.5 steers
Minerals, Veterinary Medicine, ext.
Animal costs and Facility maintenance
Disease Control, Roads, Fire Control, Administration
2 head
2 head
6 head/ yr
35.46 tons/ac
70.68 tons/ac
120 tons/ac
240.49 tons/ac
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Table 21: Cost and unit activity schedule for longleaf pine silvopasture model

Longleaf Pine Silvopasture Activity Schedule NC
Year

Activity

Cost / 100 ac

0
0
0
0
0
0
4
5 through 45
5 through 45
4

Bermudagrass Establishment (Warm Season Grass)
Switchgrass Establishment (Warm Season Grass)
Cool Season Grass Establishment
Clover Establishment (Cool Season Grass)
Site Prep/ Tree Planting Warm Season Grass
Site Prep/ Tree Planting Cool Season Grass
Cow Purchases
Replacement Purchase
Calf sales
Animal Maintenance

$
$
$
$
$
$
$
$
$
$

32,957.60
22,866.67
25,464.38
30,000.38
7,007.00
14,014.00
11,362.74
7,800.00
25,265.00
12,501.26

5 through 45

Animal Maintenance and Ownership

$

16,482.86

0 through 45
9, 14, 19, 24, 29, 34, 39, 44
9, 14, 19, 24, 29, 34, 39, 44
5 through 45
20
20
32
32
45
45

Longleaf Management
Bull Purchase
Bull Sale
Cull Sale
Thinning Warm Season Grass
Thinning Cool Season Grass
Thinning Warm Season Grass
Thinning Cool Season Grass
Longleaf Harvest Warm Season Grass
Longleaf Harvest Cool Season Grass

$
$
$
$
$
$
$
$
$
$

2,100.00
4,312.50
1,920.00
5,760.00
2,759.12
5,518.24
8,115.24
16,230.49
55,925.87
111,851.74

Unit

500 TPA
500 TPA
34 heifers 2 bulls
6 head/ yr
15.5 heifers, 15.5 steers
Minerals, Veterinary Medicine, ext.
Animal costs and Facility
maintenance
Disease Control, Roads, Fire Control,
Administration
2 head
2 head
6 head/ yr
3.45 tons/ac
6.9 tons/ac
5.5 tons/ac
11 tons/ac
15.1 tons/ac
30.2 tons/ac
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Table 22: Cost and unit activity schedule for ponderosa pine standard model

Year

Activity

0
1
20
100

Site Prep/ Tree Planting
Ponderosa Fertilization
Ponderosa Non-commercial Thin
Ponderosa Harvest

Ponderosa Pine Standard Activity Schedule OR
Cost/ 1,000 ac
$
$
$
$

275,768.00
160,000.00
200,000.00
5,944,200.00

Unit
400 TPA
267 TPA
Scribner 6" Bd ft 19,814/ac
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Table 23: Cost and unit activity schedule cattle standard model in northeast Oregon

Year

Activity

Cost/ 1,000 ac

0
1 through 100
0 through 100
0 through 100
1 through 100
4, 8, 12, 16,
20…
4, 8, 12, 16,
20…

Cow Purchases
Cow sales
Animal Maintenance
Ownership Costs
Replacement cost

$
$
$
$

Bull Purchase
Bull Sale

Cattle Standard Activity Schedule OR
Unit

57,691.50
252,648.00
155,944.12
35,070.18
12,600

$

4,867.50

$

1,920.00

248 heifers and 2 bulls
113 Steer Calves, 55 Heifer Calves, 43 cull
250 animals, Alfalfa, Barley, Salt, Commission, Veterinary Meds, Hired labor, ext.
Housing Improvement, Machinery, Equipment, Vehicles, Overhead, Interest
10 replacement heifers
2 Bulls
2 Bulls
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Table 24: Cost and unit activity schedule for ponderosa pine silvopasture model

Ponderosa Pine Silvopasture Activity Schedule OR
Cost/ 1,000 ac
Unit

Year

Activity

0
5

Site Prep/ Tree Planting
Cow Purchases

$
$

253,017.14
57,691.50

6 through 100

Cow sales

$

197,307.00

5 through 100

Animal Maintenance

$

155,944.12

5 through100
1
20
9, 13, 17,
21…97
9, 13, 17,
21…97
7 through 100
100
6 through 100

Ownership Costs
Ponderosa Fertilization
Ponderosa Non-commercial Thin

$
$
$

35,070.18
160,000.00
200,000.00

Bull Purchase

$

4,867.50

Bull Sale
Cull Replacement Sale
Ponderosa Harvest
Replacement cost

$
$
$
$

1,920.00
55,341.00
2,582,499.00
12,600.00

352 TPA
248 heifers and 2 bulls
113 Steer Calves, 55 Heifer Calves, 10 Cull Replacement
Heifers
250 animals, Alfalfa, Barley, Salt, Commission, Veterinary
Meds, Hired labor, ext.
Housing Improvement, Machinery, Equipment, Vehicles,
Overhead, Interest
116 TPA
2 Bulls
2 Bulls
43 head/ yr
Scribner 6" Bd ft 8,267/ac
10 replacement heifers

