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This study describes the contribution of the 
agriculture and forestry industries to Virginia’s 
economy. The study relies on both published 
and unpublished data as well as literature that 
address trends in the agriculture and forestry 
industries.  It makes use of input-output analysis 
to identify agriculture and forestry backward and 
forward linkages to other industries and institu-
tions.  It also provides separate estimates of agri-
culture and forestry impacts, impacts by industry 
groupings arranged by level of dependency on 
raw materials originating within the state, and 
impacts by region.  These estimates can serve as 
a baseline for future work that gauges change in 
Virginia’s agriculture and forestry industries eco-
nomic impacts and provides insight into sources 
of that change.

The study was commissioned by the Virginia 
Secretary of Agriculture and Forestry and is a 
successor to studies sponsored by the Virginia 
Department of Agriculture and Consumer Ser-
vices (VDACS) in the 1990s. These studies were 
conducted by the Department of Agricultural and 
Applied Economics at Virginia Tech. This study 
has many methodological similarities with those 
studies. Like those studies, some parts provide 
needed technical documentation, but the executive 
summary is suitable for a more general audience.
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Professor William Shobe of the Weldon Coo-
per Center for Public Service wrote the original 
proposal that made this study possible.  Dep-
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Farm Bureau, Paul Howe of the Virginia Forestry 
Association, Randy Bush of the Virginia Forest 
Products Association, James Mooney of the Vir-
ginia Loggers Association, State Forester Carl 
Garrison, Deputy State Forester John Carroll, 
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piling data and information that were used in this 
report. Four external reviewers provided valu-
able recommendations for improving the study.
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Center provided helpful guidance and feedback. 
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Rohan Pai and Caitlin Bailey helped with data 
collection and presentation.  Dave Borszich and 
W. Grace Ng provided editing advice.  Any errors 
or omissions are the responsibility of the author.
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Agriculture and Forestry
 The total economic impact of agriculture and 

forestry-related industries in Virginia was almost 
$79 billion in total industry output in 2006, the 
base year for this study. The total employment 
impact was approximately 501,500 employees, 
which made up 10.3 percent of state employ-
ment. 

 Every job created in agriculture and forestry 
related industry results in another 1.5 jobs in the 
Virginia economy.  Every dollar generated in 
value-added results in another $1.75 value-added 
in the Virginia economy.

 The impacts of agriculture and forestry are felt in 
other sectors of the economy.  The largest effects 
are in the directly affected manufacturing and 
agriculture, forestry, fishing, and hunting indus-
tries.  However, agriculture and forestry stimu-
late large public and private services responses 
through the effects of industry purchases and sub-
sequent rounds of indirect and induced spending.  
The effects reverberate throughout the economy 
affecting every sector.

 There are notable regional differences in the 
sizes of agriculture and forestry related indus-
tries.  The largest direct employment impact is in 
Northern Virginia (which in this case is defined 
to include the northern parts of the Shenandoah 
Valley as well as more metropolitan areas around 
Washington, D.C.), and the largest total impact 
is observed in Central Virginia.  Impacts as a 
percentage of estimated total employment range 
from a low of approximately 5 percent of total 

STUDY HIGHLIGHTS

employment in Northern Virginia to nearly one 
in four employees in the Southern district centered 
on Danville, which is heavily dependent on forest 
products industries.  

  Although this study did not examine the full 
effects of agritourism and forest-related recreation, 
such as wildlife recreation, horse events, wine tour-
ism, and agricultural festivals, results from other 
Virginia studies suggest that the impacts on output 
may amount to several billions of dollars.

Agriculture and forestry activities have signifi-
cant societal and ecological effects in addition 
to their economic benefits. Forests provide ben-
efits in the form of carbon sequestration, wild-
life habitat and biodiversity, flood mitigation and 
improved water quality. Rural scenic amenities 
may also improve quality of life.

The impact results provided in this study are 
not comparable to previously published results 
based on earlier studies because of differences 
in agriculture and forestry-related sector defini-
tions, input data, and model characteristics.

Agriculture
 The total impact of agriculture-related indus-

tries was over $55 billion in total industry output 
and approximately 357,100 jobs. 

Forestry
 The forestry sector had a total impact of over 

$23 billion in total industry output and approxi-
mately 144,400 jobs. 
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Agriculture and forestry are a highly visible part 
of Virginia’s economic base.  Nearly 21 million 
acres, or 82 percent, of the commonwealth’s total 
land area is forest, cropland, or pasture and range.  
Additional land is forested parkland and public 
open space.  In 2006, Virginia’s farms generated 
an estimated $2.7 billion in cash receipts, and 
forest landowners received nearly $350 million 
for harvested timber.  More importantly, agricul-
ture and forestry have strong linkages with other 
industries in Virginia that add value throughout 
the value chain, including the  processing and 
distribution industries.  Many of these industries 
would not exist in the state in their current form 
without a strong base of regional agriculture and 
forest based raw materials.  These industries 
purchase from other industries that in turn pur-
chase from other industries in a cascading series 
of transactions that creates a stimulating effect 
on industries across the economic spectrum.  In 
addition, agriculture and forestry related employ-
ment supports the expenditures of households 
that circulate throughout the economy creating 
additional earnings and employment.

Virginia has a rich and varied agricultural econ-
omy. It plays a prominent role in several national 
commodity markets, ranking third for fresh 
tomatoes, and fifth in tobacco. It provides one-
twelfth of the U.S. output of turkeys.   Apples, 
potatoes, snap beans, and broilers are other signifi-
cant commodities.  Moreover, production of some 
farm commodities is sizeable relative to state pro-
duction.  Nearly three-fifths of agricultural cash 
receipts are derived from livestock and poultry.

Although total employment and land area in 
agricultural use within Virginia have continued to 
decline, productivity improvements have meant 
that output has remained relatively steady. The 

composition of this output, however, has been in 
continuous flux. Over the last two decades, decreases 
in output of several farm products such as peanuts, 
tobacco, dairy, and hogs have been offset by gains in 
others such as poultry, equine, aquaculture, cotton, 
and greenhouse and nursery products. 

Farm production shows strong geographical 
patterns. In terms of agricultural employment’s 
share of total employment, the southwestern 
and southern parts of the state are more reliant 
on farm employment. However, the picture is 
more complex and differentiated than that sim-
ple snapshot. Virginia’s agriculture sector shows 
substantial regional diversity because of strong 
regional specializations by farm commodity.  For 
instance, cotton is primarily a southeastern crop.  
Over three-quarters of tobacco production can be 
found in the southern and southwestern regions.  
Half of poultry employment occurs in the north-
ern region. Vegetable production is concentrated 
in the east, while fruit production shows a more 
northern pattern.

Virginia’s forests are also quite diverse.  
Although the commonwealth’s forests are domi-
nated by hardwood stands, softwoods are more 
common removal species in the southeast and 
coastal regions.  Oak-hickory is the dominant 
forest type followed by loblolly-shortleaf, and 
oak-pine. Virginia’s forest resources are distrib-
uted throughout the state.  Less forested areas are 
found in the Washington, DC environs and the 
eastern shore, while more forested areas exist in 
the west and south.  The commonwealth’s timber 
inventory is growing, and this growth is expected 
to continue into the near future.  However, the 
long-term outlook is more uncertain because of 
urbanization pressures, environmental changes, 
disease, pests, and forest management problems 

EXECUTIVE SUMMARY
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that arise from new property ownership patterns 
and the fragmentation of larger tracts into smaller 
parcels.

Forest stumpage (the sales value of timber) and 
production volume have remained fairly steady 
over the last ten years after a period of signifi-
cant growth during the late 1980s and throughout 
the 1990s.  Virginia produced an estimated 503 
million cubic feet of roundwood timber products 
in 2005.  Approximately 45 percent of this was 
saw logs, another 40 percent  pulpwood, and the 
remainder composite panels, veneer logs, and 
other industrial products such as poles, posts, 
and mulch.  Virginia mills produced 1.6 billion 
board-feet of lumber in 2006, including nearly 
8 percent of the hardwood lumber in the nation 
making it the third largest producer after Penn-
sylvania and Tennessee.

Although the agriculture and forestry sectors 
have had fairly steady production in recent years, 
both sectors face opportunities and challenges in 
the process of maintaining either their absolute 
or relative positions within the economy.  These 
positions will be shaped by numerous factors in 
the areas of production technology, consumer 
demand, energy, urban population growth, gov-
ernment policy, and the global economy.

This study is a successor to studies conducted 
by the Department of Agricultural and Applied 
Economics at Virginia Tech in the mid 1990s and 
a recent study by the Virginia Department of For-
estry.  Like those studies, it uses the standard tools 
of input-output analysis, including the personal 
computer based software program IMPLAN 
(IMpact analysis for PLANning) to estimate the 
contribution of agriculture and forestry to Virgin-
ia’s economy and employment.  Since the study 
is an economic impact study, no attempt is made 
to gauge the wider social benefits and costs of 
agriculture and forestry.  However, clearly agri-
culture and forestry activity have tangible societal 
and ecological effects.   Forests, in particular, pro-
vide benefits in the form of carbon sequestration,  

stabilization of soils, wildlife habitat and bio-
diversity, flood mitigation and improved water 
quality.  Rural scenic amenities may also improve 
quality of life.  Improper agricultural and logging 
practices, on the other hand, can impose costs 
arising from water quality degradation, noxious 
odors, and airborne pathogens.

This study differs in several important respects 
from those earlier studies.  Because of some dif-
ferences in methodology, including differences in 
the accounting and adjustment procedures used 
to generate the underlying input-output tables, 
differences in industrial classification schemes, 
and differences in the choices of agriculture and 
forestry related sectors to include in the analysis, 
the results are not directly comparable. Moreover, 
whereas the earlier studies examined the agricul-
ture and forestry sectors in isolation, this study 
encompasses both agricultural and forestry and 
related industries and provides individual esti-
mates for each industry. It also breaks manufac-
turing industries into separate categories in order 
to identify those sectors that exhibit the greatest 
degree of dependency on Virginia agricultural 
and forestry raw inputs. Industries for both for-
estry and agriculture were divided into produc-
tion, core, extended, and distribution activities.  
“Production” activities are those industries 
associated with growing and harvesting farm 
commodities, timber, and non-timber forest com-
modities.  “Core” processing activities are manu-
facturing industries that are heavily dependent 
on state commodity inputs for production as evi-
denced by strong forward linkages with produc-
tion industries. It is unlikely that these industries 
would exist within the state in anything like their 
current form if commodity production did not 
occur in the state. An example of such an indus-
try is milling lumber which is heavily dependent 
on nearby timber. “Extended” processing activi-
ties are manufacturing industries that are some-
what less dependent on Virginia farm and forest 
commodity inputs. An example of this industry is 
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soft drink manufacturing which relies primarily 
on syrups and concentrates produced elsewhere. 
“Distribution” industries consist of selected 
warehousing and wholesaling industries as well 
as landscaping services that are closely related 
to agriculture and forestry product distribution. 
Lastly, the study makes impact estimates for 
agricultural support payments to Virginia’s farm-
ers from the federal government.

Input-output analysis provides a way to estimate 
the contribution of industry sales and employ-
ment on regional economic output, income, and 
employment.  It is based on a transactions table 
that shows flows of goods and services among 
industries, households, and government.  The 
table can be manipulated to show the aggregate 
effects of change in one industry’s output or 
employment on industries that provide inputs and 
the effects of induced spending by workers and 
government.  It does this by generating multipli-
ers that show the total effects, including direct 
effects, indirect effects, and induced effects, of a 
dollar change in direct sales.

These latter two effects occur when money 
retained in the state circulates through the econ-
omy. For instance, businesses provide inputs such 
as supplies and services to agricultural and forestry 
industries that in turn purchase inputs in order to 
produce the product or service and so forth.   These 
effects are referred to as “indirect impacts.” Also, 
the spending of new household income attribut-
able to the direct and indirect effects of agricul-
ture and forestry will induce subsequent rounds 
of spending. These effects are  called “induced 
impacts.”  The incremental effect of each round 
of spending dissipates because a portion of the 
spending leaks out of the economy into another 
region.  The sum of these various types of spend-
ing are referred to as multiplier effects because 
the total effect is a multiple of the initial “direct” 
effect due to the fact that it will include the sum of 
direct, indirect, and induced impacts.  

Economic impacts are evaluated using three 
different measures: total industry output, employ-
ment, and value-added. Total industrial output 
represents the total value of industry output dur-
ing the period. Because total industry output 
“double counts” production inputs that are not 
available for final use, it is not emphasized in 
most economic analysis.  Value-added, which 
refers to the additional value created or “added” 
to products at different stages of production, pro-
vides a better measure. 

In 2006, the direct effect of Virginia agriculture 
and forest related industries accounted for $42 
billion in total output, approximately 196,100 
employees, and over $13 billion in value-added.  
Agriculture production is the largest component 
in terms of employment.  However, agriculture 
extended processing accounts for over 40 percent 
of output and value-added.

The total economic impact (including direct, 
indirect, and induced effects) of agriculture and 
forestry related industries was $79 billion in 
total industry output or sales.  The value-added 
impact was $37 billion dollars, which consti-
tuted approximately 9.9 percent of Virginia gross 
domestic product (GDP).  The total employment 
impact was approximately 501,500, which made 
up 10.3 percent of statewide employment.

The agriculture sector accounted for $55 bil-
lion in total industry output, approximately 
357,100 jobs, and nearly $26 billion in value-
added. The forestry sector had a total impact of 
approximately $23 billion in total industry out-
put, approximately 144,400 jobs, and nearly $11  
billion in value-added. The multipliers associated 
with agriculture were slightly larger than those 
for forestry.

The impacts of agriculture and forestry 
were felt in other sectors of the economy.  The  
largest effects were in the manufacturing and  
agriculture, forestry, fishing, and hunting indus-
tries where direct effects were dominant. However, 

Executive Summary
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agriculture and forestry stimulated large public 
and private services responses through the effects of 
industry purchases and subsequent rounds of indi-
rect and induced spending.  The effects reverberated 
throughout the economy affecting every sector.

The impacts were estimated for agriculture 
and forestry separately and further broken down 
into their production, core processing, extended 
processing, distribution, and government pay-
ments components.  Results indicate that agricul-
ture-related activities account for approximately 
70 percent of total output, employment and 
value-added impacts with forestry-related activi-
ties making up the remainder. In terms of total 
impacts relative to total state employment and 
GDP impacts, agriculture-related industry rep-
resents approximately 7 percent of employment 
and 7 percent of GDP.  Forestry-related indus-
try impacts represent approximately 3 percent of 
statewide totals.  

Looking at components along the agriculture 
and forestry value chain, production industry 
impacts make up 17 percent of the total employ-
ment impact but a considerably smaller share, 
10 percent, of value-added and output impacts.  
Core processing makes up 23 percent of employ-
ment and value-added impacts but 27 percent 
of  output impact.  Extended processing is the 
largest impact category, constituting 47 percent 
of employment impact, 56 percent of output 
impact, and 58 percent of value-added impact. 
Distribution activities account for 11 percent of 

employment impact, 8 percent of value-added 
impact, and 6 percent of output impact. Govern-
ment payments account for approximately 1 per-
cent of each. Therefore, the bulk of the impact 
is attributable to industries with a somewhat 
weaker reliance on Virginia’s farm commodities 
and timber.

Impacts were estimated for each of seven 
National Agricultural Statistical Service (NASS) 
agricultural statistic districts in Virginia. There 
are notable regional differences in the absolute 
and relative sizes of agriculture and forestry 
related industries.  The largest direct employ-
ment impact is in the Northern district and the 
largest value-added impact is observed in the 
Central district.  Impacts as a percentage of esti-
mated total employment range from a low of 
approximately 5 percent of total employment in 
Northern Virginia to nearly one in four employ-
ees in the Southern district centered on Danville, 
which is heavily dependent on forest products 
industries.  

Some forestry and agriculture impacts are not 
captured by the estimates in this study. For exam-
ple, recreation and tourism are not fully reflected 
in the impacts because of the difficulty of mea-
suring all consumer expenditures associated with 
agritourism and forest recreation activities. How-
ever, some estimates of the tourism contribution 
of agriculture and forestry available from other 
studies suggest that these impacts may amount to 
several billion dollars. 
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Virginia’s agriculture and forestry industries 
play an important role in the state’s economy.  
The impact of the sectors exceeds the sales of 
the raw materials they sell. In 2006, Virginia’s 
farms generated an estimated $2.7 billion in cash 
receipts, and forest landowners received nearly 
$350 million for harvested timber.  More impor-
tantly, however, the sectors have strong linkages 
with other industries in Virginia that add value to 
these commodities. These industries make pur-
chases from and sell to agriculture and forestry 
industries.  Many manufacturers rely on Virginia 
agricultural and forestry commodities as inputs 
to production, and many firms sell products and 
services to producers of agricultural and for-
estry related products. In addition, food and fiber 
products are distributed to consumers within the 
state and exported to other states and to foreign 
markets.  The infrastructure and services used in 
bringing these products to market and presenting 
them for consumer use are important elements of 
the value chain.  

This study by the Business and Economics 
Research Section of the Weldon Cooper Center 
for Public Service at the University of Virginia 
was conducted for the Office of the Secretary of 
Agriculture and Forestry for the Commonwealth 
of Virginia.  It is a successor to studies conducted 
by the Department of Agricultural and Applied 
Economics at Virginia Tech in the mid 1990s 
(Johnson and Wade 1994; Lamie 1997) and the 
Virginia Department of Forestry (Becker 2006).  
Like those studies, it uses the standard tools of 
input-output analysis to estimate the contribu-
tion of the agriculture and forestry to Virginia’s 
economy and employment. However, whereas 

INTRODUCTION

those studies examined each sector in isolation, 
this study encompasses both agriculture and for-
estry related industries.  It also breaks manufac-
turing industries into separate categories in order 
to identify those sectors that exhibit the greatest 
degree of dependency on Virginia agricultural 
and forestry raw inputs.  Lastly, the study makes 
separate impact estimates for agriculture, for for-
estry, and for regions within Virginia.

The study is divided into several sections.  
The first section examines important character-
istics of the agriculture and forestry production 
sectors in Virginia and forces that have shaped 
the industries and that are likely to affect them 
in the future.  The second section describes 
methodological issues that will affect how the 
impacts of agriculture and forestry activities are 
gauged.  These issues include various features of 
the impact analysis method, input-output analy-
sis, and the definition of agriculture and forestry 
related industries.  The third section describes the 
industry definitions, input data, and microcom-
puter based model (IMPLAN) used in this study.  
Agriculture and forestry related industries are 
aggregated into four different components, pro-
duction, “core” processing, “extended” process-
ing, and distribution, reflecting the different phase 
of the value chain and degree of dependency on 
Virginia’s agriculture and forestry resources.   The 
fourth section presents the results.  Impact esti-
mates are provided in aggregate, by component, 
and by region.  The fifth section reviews recent 
economic impact studies of forestry-related rec-
reation and agritourism. The study ends with a 
summary and conclusion.
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Agriculture and forestry are highly visible parts 
of Virginia’s economic base.  Nearly 21 million 
acres, or 82 percent, (see Figure 1.1) of Virginia’s 
total land area is forest, cropland, or pasture and 
range. Additional land is forested parkland and 
public open space. This section provides a brief 
background for each of the principal economic 
sectors and sketches some of the forces that are 
shaping the industries today and are likely to 
have an influence in the future. 

SECTION 1
VIRGINIA’S AGRICULTURE AND FORESTRY INDUSTRIES

Agriculture
In 2006, Virginia’s estimated number of farms 
was 46,000.  The Census of Agriculture defines 
a farm as an enterprise that sold at least $1,000 
worth of agricultural commodities or would so in 
a normal year.  Most Virginia farms are relatively 
small with sales amounting to less than $5,000.  
The majority of sales, in contrast, are made by 
large farms (see Figure 1.2). Like farms else-
where in the U.S., some farm attrition and consol-
idation continues to occur. Moreover, the number 
of small and large farms has increased while the 
number of medium-sized farms has decreased. 
The average farm size in Virginia is estimated to 
be 182 acres, which is an increase from 150 acres 
in 1970.  However, it is considerably smaller than 
the U.S. average farm size of 446 acres which 
reflects the influence of large scale operations in 
the western U.S. (see Figure 1.3) 

Forest  62%
Cropland  16%

Special Use  6%

Urban
6%

Pasture & Range 
5%

Other  5%

Figure 1.1  Virginia Land Use Summary by Major 
Category, 2002

Source: Lubowski et al. (2006)
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Figure 1.2  Farms and Market Sales Distribution by Total Sales Category, Virginia, 2002 
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Virginia plays a prominent role in several U.S. 
commodity markets (see Table 1.1).   It ranks 
third for fresh tomatoes and fifth for tobacco.  It 
also provides one-twelfth of the U.S. output of 
turkeys.   Apples, potatoes, snap beans, and broil-
ers are other significant commodities.  Nearly 
three-fifths of agricultural cash receipts are 
derived from livestock and poultry. Poultry and 
eggs accounts for nearly a third of the total. Field 
crops account for 15 percent of total cash receipts 
(see Figure 1.4). 

Virginia’s agricultural sector has undergone 
significant modernization in recent decades.  Pro-
ductivity improvements due to increased mecha-
nization and the adoption of new technologies 
have meant that production levels have been 
maintained with fewer land and labor inputs.  Fig-
ure  1.5 shows that, while nominal cash receipts 
have increased rapidly in the last five years, 
sales adjusted by producer prices have decreased 
slightly.  However, employment and estimated 
land acreage have decreased at a similar rate (see 
Figure 1.6).  This pattern is similar to national 

trends (Fuglie, MacDonald, and Ball 2007).
The types of commodities produced have also 

shifted.  This is illustrated for major commodities 
in Figure 1.7 which shows the degree of Virginia 
commodity specialization measured by a location 

Virginia’s Agriculture and Forestry Industries

Table 1.1.  Virginia’s Top 10 Commodities in U.S. Market, 2006

Commodity                    National Rank
            Percentage of
           U.S. Production

Tomatoes, Fresh Market 3 6.06

Tobacco 5 6.42

Apples 6 2.18

Potatoes, Summer 6 8.24

Beans, Snap, Fresh Market 7 4.16

Turkeys 8 8.21

Peanuts 8 1.43

Grapes 8 0.09

Sweet Potatoes 9 0.30

Broilers 10 2.88

Source: U.S. Department of Agriculture, Economic Research Service (2007)

Figure 1.4  Cash Receipts by Commodity, 
Virginia, 2006

Fruits & Nuts 2%

Source: U.S. Department of Agriculture, Economic 
Research Service (2007)
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Figure 1.6  Virginia Farm Employment and Land Area, 1990-2006
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quotient1 of Virginia versus national  sales on the 
vertical axis, change in nominal commodity sales 
on the horizontal axis, and size of commodity sec-
tor sales scaled according to bubble size.  Patterns 
of growth and decline vary by commodity with 
various factors such as national and international 
competitive pressures, consumer tastes, disease, 
environmental regulations, industry technology, 
weather, transportation costs, federal farm policy 
and payments, and urban development encroach-
ment playing varied roles (Pease et. al 2005). 

A few Virginia commodities have experienced 
marked decreases in production over the last six-

1  A location quotient (LQ) provides a measure of regional (e.g., 
county, state) concentration in a given industry or commod-
ity relative to a larger region of which it is part (e.g., nation).  
It is simply the share of a region’s activity in an industry or  
commodity divided by the share of the larger region’s same 
activity in the industry or commodity. An LQ>1 indicates a 
relative concentration of the activity.

teen years.  Peanuts and tobacco, two crops which 
are more commonly farmed in Virginia, have 
declined significantly in production with changes 
in U.S. farm policy toward these commodities and 
unfavorable consumer attitudes towards smoking.  
Many Virginia tobacco and peanut farmers have 
participated in quota program buyouts in recent 
years and it appears that many growers used this 
as an opportunity to exit the market.  In addition, 
the state has lost some dairy and hog production.  
These sectors increasingly favor larger scale 
operations (Key and McBride, 2007; MacDonald  
et al. 2007).  Also, hog farms are becoming much 
more specialized in a particular growth phase of 
hog production such as breeding, farrowing, or  
growing (Key and McBride 2007). Industry 
trends for both commodities favor production 
areas in the Midwest that are less densely popu-
lated and are located closer to feed crops.

Virginia’s Agriculture and Forestry Industries
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Several commodities have experienced sub-
stantial growth.  Poultry production, includ-
ing boilers and turkeys, was among the largest  
gainers during the period 1990-2006 although 
production has stagnated in recent years.  The 
large change in “miscellaneous livestock” pri-
marily reflects increases in the size of the equine 
industry which numbers an estimated 170,000 
horses, ponies, and mules, making Virginia the 
fifth largest equine state in the nation (Virginia 
Department of Agriculture and Consumer Ser-
vices 2005).  The aquaculture industry, which 
produces primarily saltwater species such as 
clams, and the fresh tomatoes industry have 
been the state’s most rapidly growing agricul-
tural commodities in recent years in percentage 
terms.  Cotton sales skyrocketed in the early to 
mid-1990s but have tailed off since.  Greenhouse 
and nursery product sales have grown in tandem 
with the region’s population and are well situated 
to serve the Mid-Atlantic’s burgeoning urban  
markets (Purcell 2001).  

In recent years, government payments have 
played a bigger role in farm income (see Figure 
1.8).  Much of the increase was temporary since 
it was connected with one-time tobacco and pea-
nut quota buyouts.  However, direct payments 
and disaster assistance associated with droughts 
have also increased.

Farm production shows strong geographi-
cal patterns. The top five counties in farm  
employment are Rockingham, Washington, 
Augusta, Pittsylvania, and Scott, which collec-
tively accounted for approximately one-fifth of 
state agricultural employment in 2006. In terms of 
agricultural employment’s share of total employ-
ment, the picture is more complex and differ-
entiated (see Figure 1.9), but the southwestern 
and southern parts of the state are more reliant 
on farm employment. However, this is an incom-
plete picture of the regional diversity of Virginia 
agriculture because of the strong regional spe-
cialization by farm commodity (see Table 1.2).   
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Figure 1.8  Government Payments as a Percentage of Virginia Gross Cash Income, 1990-2006
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Several distinct regional patterns are evident 
using agricultural statistic districts (see Figure 
1.10)2.  Cotton is primarily a southeastern crop.  
Over three quarters of tobacco production can be 
found in the southern and southwestern districts.  
Half of poultry production occurs in the north-
ern district. Vegetable production is concentrated 
in the east, while fruit production shows a more 
northern pattern.

The Virginia farm sector faces both opportuni-
ties and challenges in the process of maintain-
ing or increasing its position within the state  
economy.  The factors likely to affect agriculture 
2 Refer to Appendix Table A.1 for localities within districts.

are grouped into six major categories including 
production technology, consumer demand, energy 
prices, urban population growth, government pol-
icy, and the global economy (see Table 1.3).

Staying competitive in the national and interna-
tional marketplaces rests on continued productiv-
ity improvements including greater specialization, 
outsourcing of traditional agricultural production 
activities, greater use of contracting and vertical 
integration arrangements, greater mechanization, 
and continuing adoption of biological, informa-
tion, and process control technologies.  These 
forces should continue to have a dampening 
influence on employment.  

Virginia’s Agriculture and Forestry Industries
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Figure 1.9 Farm Employment as Percentage of Total Employment by Locality, 2006 

Source: U.S. Department of Commerce, Bureau of Economic Analysis (2008)*
*NOTE: Total employment includes self-employed, wage and salary workers, civilian and military. 
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Increased energy costs are likely to play a more 
prominent role in future agricultural commod-
ity markets.  Growth in bio-fuels, particularly  
ethanol production, has contributed to recent 
surges in corn, substitute feed crop, and grain 
prices, which has benefited many U.S. farmers.  
On the downside, energy price increases have 
contributed to increased costs for farm inputs, 
not only of energy, but feed stocks and fertilizers  
(Westcott 2007).  Also, most of the bio-fuel 
distilleries are located in the Midwest.  Since 
an important byproduct of the process is dis-
tilled grains that can be fed to livestock, 

midwestern livestock farmers will be the  
principal beneficiaries.

Changing consumer tastes will also influence 
the competitiveness and composition of Vir-
ginia agricultural output.  Consumer demand 
is becoming much more differentiated (Marti-
nez 2007).  Consumers are increasingly more 
health conscious and discriminating in their food 
choices, which means increased demand for fresh  
produce and for vegetarian, low carbohydrate, 
low fat, gourmet, and high value-added spe-
cialty products.  Increased concern for the com-
munity and environment has raised demand for  

Table 1.3  Factors influencing Virginia Agriculture
Factor Opportunity Challenge

Production technology Increased mechanization, adoption of new computer/
electronic and biological technologies

Economies of scale for some commodi-
ties which favor other locations, avail-
ability of labor

Consumer demand Growth in demand for fresh vegetables, locally grown, 
and organic products 

Growth in demand for non-competi-
tive international goods and specialty 
products

Energy prices Increased demand for bio-fuel commodities Increased costs for farm inputs such as 
energy, fertilizer, and feed stock

Urban population growth Growth in local market commodities and agri-tourism Urban encroachment on farm land, 
decreased rural political clout

Government policy Increased measures to protect rural areas to improve 
environmental sustainability, federal policy toward 
bio-fuels

Increased environmental regulations, 
changes in farm support programs, im-
migration policy

Global economy Decrease in value of dollar, increased demand for food 
from developing countries  

Increased production and competition 
from developing nations, increased 
commodity price volatility

Table 1.2  Regional Distribution of Virginia Farm Employment, Percentage of Total, 2004

Commodity Northern Eastern Western Southern Southwestern Central Southeastern

Oilseed 11 34 1 2 1 15 37

Grain 18 33 5 4 5 17 18

Vegetable & melon 4 48 4 5 19 14 5

Fruit & nut trees 44 4 5 8 14 24 2

Greenhouse & nursery 18 8 10 5 20 23 17

Tobacco 0 0 0 44 34 6 16

Cotton 0 5 0 0 3 1 91

All other crops 15 1 11 9 35 20 8

Cattle & dairy 20 1 12 12 36 17 2

Poultry & eggs 50 7 14 4 4 18 3

Other animal production 31 7 7 6 17 25 8

Source: IMPLAN
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organically and locally grown products.  More 
immigration and cultural diversity have increased 
demand for new ethnic foods and spices.  As con-
sumers are pressed for time, they will continue 
to desire more food preparation convenience that 
should contribute to continued growth in food 
and drinking establishments and less food pro-
duction at home.

Since Virginia is situated adjacent to the North-
eastern Megalopolis, continued rapid population 
growth is expected and urban encroachment on 
farmland will continue to be a concern.  More-
over, suburban and exurban residents may be 
expected to place additional zoning and other 
regulatory burdens on farms.  However, popu-
lation increases also present opportunities such 
as increased demand for locally grown food and 
horticulture/nursery products and for agritourism 
of the type that has spurred rapid recent growth 
in Virginia’s winery and horse industries. 

Government policy will continue to shape 
Virginia agriculture. Federal and state policies 
are in continuous flux.  Federal farm policy in 
recent years has become more market oriented, 
partly influenced by international trade agree-
ments which require farm support payments to 
be decoupled from production decisions (West-
cott, Young, and Price 2002). In turn, commodity 
price volatility has increased.   Relatively liberal 
enforcement of immigration law has resulted 
in increases in the availability of migrant farm 
labor, but whether government immigration 
enforcement practices will impact labor avail-
ability in the future is uncertain (Kandel 2008).  
Conservation easements have helped mitigate 
urban development pressures on farmland.  How-
ever, more stringent environmental regulations 
such as requirements that farmers adopt Best  
Management Plans (BMP) to mitigate waste run-
off are expected to increase the complexity and 
cost of Virginia farming.    

The international economy is also important.  
Significant decreases in the value of the U.S. 

dollar have raised the competitiveness of U.S. 
products in international commerce.  More-
over, growth in developing countries is increas-
ing international demand for protein and higher 
value-added products (Gelhlar et al. 2007; Shane 
and Liefert 2007).  However, the composition of 
U.S. exports and imports is changing in unfore-
seen ways.  U.S. agricultural exports to slow 
growing developed country markets such as 
Japan and the European Union have been sup-
planted by exports to faster-growing developing 
country markets like Mexico and China.  At the 
same time, many of these developing countries 
have expanded domestic production of crops.  So, 
the main export growth opportunities are seen to 
exist in animal and value-added products.

Forestry
A recent forest inventory indicates that Virginia 

had 15,765,707 acres of forestland in 2005, a small 
decrease from 15,844,000 acres in 2001 (Rose 
2007; Virginia Department of Forestry 2007).  
The vast majority of forestland (12,220,631 
acres or 77 percent of the total) is non-industrial 
private forest (NIPF) and corporate ownership  
outside the forest industry, with the rest in public 
(2,781,857 acres or 18 percent) and forest indus-
try ownership (763,219 acres or 5 percent) (Vir-
ginia Department of Forestry 2007).  Forestland 
owned by private individuals is splintered among 
an estimated 373,000 people (Rose 2007).  Recent 
data indicate a distinct trend toward less forest 
industry ownership, more ownership by timber 
industry management organizations (TIMOs), 
and more ownership by private landowners with 
smaller parcels. This trend, if continued, may 
present challenges to optimal forest management 
for forest production. 

The state’s forests are dominated by hardwood 
stands, though softwoods are more common removal 
species in the southeast and coastal regions.  Oak-
hickory is the most prevalent forest type statewide 
(see Figure 1.11) followed by loblolly-shortleaf, 

Virginia’s Agriculture and Forestry Industries
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and oak-pine. Virginia’s forest inventory is grow-
ing; 155.9 million cubic feet were added in 2005 
(Virginia Department of Forestry 2007).  However, 
this is only about half of the rate of growth, 292.1 
million cubic feet, estimated in 2001 (Rose 2007).  
Virginia’s forests contain a mix of maturities.   
Forty-five percent of Virginia’s forests are  

sawtimber size stands; poletimber and seedling/
sapling tree stands make up 36 and 19 percent 
respectively of forest acreage (Rose 2007). 

Virginia produced approximately $350 mil-
lion in stumpage, which is the sales value of  
timber, in 2006. Fifty-five percent of this value 
was hardwood.  Stumpage value changed little 
over the period 1999-2006 (see Figure 1.12) 
after a substantial growth during the late 1980s 
and throughout the 1990s.3  Virginia produced an 
estimated 503 million cubic feet of roundwood 
timber products in 2005.  Approximately 45 per-
cent of this was saw logs, another 40 percent  
pulpwood, and the remainder composite panels, 
veneer logs, and other industrial products such 
as poles, posts, and mulch (Johnson and Becker 
2007).  Virginia mills produced 1.6 billion board 
feet of lumber in 2006, including nearly 8 per-
cent of hardwood lumber in the nation, making it 
the third largest producer after Pennsylvania and 
Tennessee (U.S. Department of Commerce, U.S. 
Census Bureau 2006).

Virginia’s forest resources are distributed 
throughout the state.  Less forested areas are in 
the Washington, DC metropolitan area and the 

3 Since producer prices remained stagnant over the period, there 
is little difference between real and nominal values.

Other 8%

Figure 1.11  Virginia Land Area by Forest Type, 
2005

Source: Virginia Department of Forestry (2007)
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eastern coast while more forested areas exist in 
the west and south (see Figure 1.13).  However, 
stumpage is highest in the southern part of the 
state, perhaps partially reflecting the concentra-
tion of wood processing industry in the region 
(see Figure 1.14).  

Virginia’s forestry industry faces some of the 
same issues as agriculture in the future (see Table 
1.4), stemming from changes in technology, con-
sumer demand, energy prices, urban population 
growth, globalization, and government policy. Like 
agriculture, wood product manufacturing (i.e., pri-
mary wood product manufacturing, paper manufac-
turing, and furniture manufacturing) employment 

has not grown in recent years in part due to produc-
tivity increases attributable to consolidation and 
technological change. However, not all industries 
have kept pace with capital investment needs.   
Continued population growth will place grow-
ing pressure on forest land but may create new 
demand for building construction materials and 
outdoor recreation.

More so than agriculture, forestry faces some 
long-term resource management challenges.  
Plantation cultivation methods are increasingly 
being utilized for producing the state’s softwoods.  
However, continued fragmentation of forest and 
new non-industrial ownership patterns point to 
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Figure 1.13 Percentage of Total Acreage in Forest by Locality, 2001

Source: Rose (2007)
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Figure 1.14 Value of Virginia Stumpage by Locality, 2006

Source: Unpublished data from Virginia Department of Forestry (2007)
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the possibility that the quality and availability of 
hardwood timber stocks may decrease and costs 
of harvesting may increase.  The industry also 
faces more formidable challenges in combat-
ing pests and disease, invasive species, air pol-
lution, and changes in forest ecology from fire  
suppression, which are taking an increasing toll 
on Virginia forests.

The forest products industry has had to 
reckon with changing demand for its products 
in certain industries (Wear, Carter, and Pre-
stemon 2007). Plastics, concrete, and metal, 
which can be close in appearance and more  
durable than wood, are increasingly being used in  
construction and manufacturing.  Recycled paper 
has dampened demand for pulp paper products.  
The increasing popularity of online media is  
cutting into the market for newspaper and  

magazines. Moreover, wood products demand 
is very sensitive to changes in housing demand, 
and the current housing construction downturn 
will have serious repercussions.  On the upside, 
demand has increased for higher value-added 
wood products, like cabinetry.  Also, the market 
for non-timber forestry products such as medici-
nal and dietary supplements and edible forest 
commodities, though of small and uncertain size, 
is growing in response to increased demand by 
a health conscious American public and interna-
tional consumers (Chamberlain, Bush, and Ham-
mett 1998). Finally, the industry has created new 
products such as oriented strand board (OSB) and 
wood pellets, which make better use of waste.

Rising energy prices will mean both increased 
costs for inputs and higher transportation costs.  
They could also alter the competitiveness of 

Table 1.4  Factors Influencing Virginia Forestry
Factor Opportunity Challenge

Forest management Increased use of plantation forest cultivation Increased parcelization and fragmentation of 
forest ownership, increased mortality due to 
disease, insect, and weather disturbances

Production technology Increased mechanization, adoption of new 
computer/electronic technology

Aging and inefficient capital equipment in some 

industries, availability of labor

Consumer demand Increased demand for non-wood forestry 
products

Plastics, concrete and metal substitutes for 
some wood products, replacement of electronic 
products for paper, cyclical fall in new housing 
construction

Energy prices Biomass-fired power generation industry op-
portunities, possible cellulose bio-fuels with 
technological breakthrough, increased costs 
of close substitutes like plastics, cement, and 
metals

Increased costs for inputs and distribution

Urban population growth Increase in regional residential and commer-
cial construction, increase in forest-related 
recreation

Urban encroachment on forest land, decreased 
rural political clout

Government policy Increased measures such as conservation 
easements to protect rural areas and environ-
ment, creation of cap and trade markets

Increased environmental regulation of timber-
ing, increased use of recycled paper products

Global economy Decrease in value of dollar, increase in de-
mand for certifiable wood products

Growth in production and quality of interna-
tional hardwoods and softwoods, low cost and 
environmentally unsustainable competition in 
pulp paper and wood processing sectors from 
abroad
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wood products favorably relative to close substi-
tutes because those substitutes are more energy 
intensive (Wear, Carter, and Prestemon 2007).  
Since wood is also a fuel, energy price increases 
may stimulate additional use of biomass-fired 
power generation.  A research and development 
breakthrough in producing cellulosic ethanol 
would also provide a sizeable boost in demand.

Low-cost international competitors in the 
developing world are carving out niches in the 
wood products industry in areas such as pulp 

paper (Wear, Carter, and Prestemon 2007) and 
wooden case goods (e.g., bedroom and dining 
room furniture, office furniture) that have had a 
clear impact on Virginia’s employment (Drayse 
2008), particularly in Southside.  While certain 
industries such as flooring and cabinetry continue 
to do relatively well, the possibility exists that 
they too may come within the purview of overseas 
competitors. On the other hand, recent decreases 
in the dollar may bring a reprieve for some  
segments of the industry.

Virginia’s Agriculture and Forestry Industries
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Input-Output Analysis and Multipliers
The method of choice in regional economic 
impact analysis is input-output analysis.  Input-
output models (see Text Box 2.1) are based on 
input-output tables, which show flows of pur-
chases and sales among sectors of the economy.  
Economic multipliers are derivatives of these 
tables (Miller and Blair 1985).   

Input-output multipliers allow one to measure 
the total effects of agricultural and forestry activ-
ities on the economy. These total effects originate 
from an initial injection of economic activity or 
spending, otherwise known as the “direct effects.” 
Additional effects occur when money retained 
in the state circulates through the economy. For 
instance, state businesses provide some inputs 
such as supplies and services to agricultural and 
forestry industries.  These businesses, in turn, pur-
chase some inputs from other state firms in order 
to produce their products or services and this cas-
cading sequence continues until the subsequent 
rounds of spending dissipate.  These cumulative 
effects are referred to as “indirect impacts.” In 
addition, the spending of new household income 
attributable to the direct and indirect effects of 
agriculture and forestry will induce subsequent 
rounds of spending. These cumulative effects are 
called “induced impacts.”  

The incremental effect of each round of spend-
ing eventually dissipates because a portion of the 
spending leaks out of the economy into another 
state or another country.  The sum of these vari-
ous types of spending is referred to as a multi-
plier effect because the total effect is a multiple 
of the initial “direct” effect.  The total impact will 
include the sum of direct, indirect, and induced 
impacts.  For illustrative purposes, Figure 2.1 
depicts a situation in which $1.00 of new sales is 

SECTION 2
REVIEW OF METHODOLOGICAL ISSUES 

Text Box 2.1  What is Input-Output 
Analysis?

Input-output analysis provides a way to es-
timate the contribution of industry sales and 
employment on regional economic output, 
income, and employment.  It is based on an 
input-output transactions table that shows 
flows of goods and services among industries, 

households, and government.  The table can 
be manipulated to show the aggregated effects 
of change in one industry’s output or employ-
ment on industries that provide inputs and the 
effects of induced spending by workers, busi-
ness owners and government.  It does this by 
generating multipliers that show the total ef-
fects, including direct effects, indirect effects, 
and induced effects, of a dollar change in direct 
sales. 
   Tables of inputs and final demands can be 

represented in  mathematical matrix form.  The 
expression X=AX+Y indicates that total output 
(X) is equivalent to the components of demand: 

the portion (A) of  output that is used as an in-
termediate input multiplied by actual output (X) 
plus final demand (Y).  This expression can be 

manipulated to provide the expression X = (1-
A)-1 Y.  The inverse (I-A)-1 is termed the Leontief 
inverse and provides the economic multipliers.  
With this latter expression, one can analyze 
the multiplicative changes in a region’s output  
when there are changes in regional demand.  A 
more extensive presentation of this methodol-
ogy can be found in Miller and Blair (1985).

re-spent in five stages in the state.  At each stage, 
a leakage occurs (b)-(f).  The summative effect 
of these rounds of spending is 1.66, which means 
the multiplier is 1.66.  This figure is derived by 
adding the initial spending of $1.00 to the amount 
spent in the state in each round of spending ($1.0
0+$0.40+$0.16+$0.06+$0.03+$0.01).
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Multipliers are divided into three categories 
based on the extent to which they capture economy 
interactions. Type I multipliers measure direct 
and indirect effects.  Type II multipliers measure 
direct, indirect, and induced effects stemming 
from employee and proprietor spending. Social 
Accounting Matrix (SAM) type multipliers 
include direct effects, indirect effects, and induced 
effects resulting from employee household spend-
ing as well as the induced effects of spending of 
firm profits, transfer payments, and other insti-
tutional transactions. A social accounting matrix 
is a macroeconomic accounting system that rep-
resents all of the institutions (firms, households,  
government, foreign importers and exporters) that  

purchase and sell within an economy (Minnesota 
Implan Group, Inc. 2004). 

Sector Impact Measurement
Three general approaches using input-output 
methodology have been suggested to measure the 
impact of industry sectors on an overall economy 
(Sharma, Leung, and Nakamuto 1999).  Each of 
these approaches relies on an input-output model.  
They include the final demand approach, the out-
put-based approach, and the hypothetical extrac-
tion approach.  

The final demand approach is a conventional 
straightforward implementation of input-output 
modeling.  Expenditures for final demand for 
food and fiber products are used to estimate the 

Figure 2.1  Multiplier Effects of $1 of New Sales

Source: Figure from Lewis et al. (1979)

Initial
$1.00

of New
Sales

60¢
Leakage

24¢
Leakage

10¢
Leakage

3¢
Leakage

2¢
Leakage

1¢
Respent
in State

3¢
Respent
in State

6¢
Respent
in State

16¢
Respent
in State

40¢
Respent
in State 

(a) (e)(b) (d)(c) (f)

  



25

intermediate inputs required to produce the final 
demand. 

The output-based approach identifies selected 
industries that have strong purchasing linkages 
with another industry.  Once these industries are 
so defined, the contribution of inputs from other 
industries is measured. 

The hypothetical extraction approach esti-
mates the incremental impact of an industry as a 
residual. The residual is calculated by subtracting 
the impact estimated by assuming the industry of 
focus is removed (or “extracted”) from the model 
from the impact estimates for a complete model 
containing all industries.

The U.S. Department of Agriculture (USDA) 
Economic Research Service (ERS) uses the final 
demand approach to estimate the impact of the  
agribusiness sector on the national economy or 
what it calls the Food and Fiber System (FFS) 
(Leones, Schluter, and Goldman 1994; Edmond-
son and Schluter 1998).  The method starts with 
final demand (i.e., consumption expenditures on 
food, clothing, shoes, tobacco products, flowers, 
seeds, and potted plants, net agricultural and textile 
exports, changes in the value of farm commodity 
inventories, and changes in the values of non-farm 
private and government farm commodity stocks) 
and measures the magnitude of the indirect effects.  
“Induced” effects are not included in order to pro-
vide a conservative estimate.  

Very few state and local studies have adopted 
the final demand approach. This approach 
requires current and reliable estimates of the 
components of final demand. However, state and 
local consumer expenditures, exports, and gov-
ernment spending are not routinely collected. 
The costs of obtaining these estimates by survey 
are often prohibitive and the reliability of the 
estimates might be questionable.  Therefore, the 
output-based approach has been dominant.  This 
is the approach that has been adopted in previous 
Virginia studies of agriculture and forestry.

The use of input-output analysis has been criti-
cized on several grounds. One complaint is that 
state input-output tables are synthetic representa-
tions based on national data and imputation proce-
dures that use limited state data.1  Some researchers 
note that the method makes rather restrictive 
assumptions that are not met in practical applica-
tions, particularly when estimating the effect of 
large increments or decrements of expenditure or 
economic activity that occur when analyzing the 
impact of large sectors of the economy (Imerman 
et al. 2005).  Among these assumptions are that 
prices are constant, supply is perfectly elastic, and 
that production technologies remain the same.  If 
these assumptions are suspended by incorporat-
ing prices and allowing factor mobility or allow-
ing economies of scale, impact estimates will be 
smaller. Another argument is that the method is 
improperly applied.  Using output rather than final 
demand as the basis for an impact variable can 
result in some double counting (Sharma, Leung, 
and Nakamuto 1999). 

Input-output analysis may also underestimate 
regional economic impacts.  Most input-output 
applications use single region models that fail 
to capture interregional feedbacks.  For illustra-
tive purposes, imagine an increase in production 
of Virginia pulp paper mills, which results in 
increased purchases of North Carolina and West 
Virginia timber.  In a single region model, these 
expenditures become “dead end” leakages that 
result in no additional rounds of spending within 
Virginia.  However, it is more realistic to expect 
these out-of-state producers to purchase at least 
some inputs and labor from Virginia.   The failure 
to include these interregional spillovers results in 
1  Almost all state and local input-output models like the popular 

IMPLAN and RIMS II models are what are called non-survey 
models.  That is to say, national input-output tables are “region-
alized” using some regional information obtained from federal 
government agencies rather than being built from the ground up 
with survey data on individual industries collected from the region 
itself.  Questions have been raised about the accuracy of these non-
survey models (Round 1983; Rickman and Schwer 1995).

Methodological Issues



The Economic Impact of Agriculture and Forestry on the Commonwealth of Virginia26

a smaller economic multiplier.2  Moreover, input-
output is not designed to measure non-mone-
tary impacts.  These impacts, while sometimes  
intangible, are real and may be sizeable.  Unfor-
tunately, they are difficult to determine because a 
market does not exist to gauge their values.  For 
example, changes in quality of life and the envi-
ronment that occur because of the presence of 
forests are not incorporated. 

Defining the Scope of Agriculture and 
Forestry’s Direct Effect
Industry-based or output-based studies of agri-
culture and forestry face the challenge of choos-
ing which industries to include in the analysis.  At 
one extreme, a “gate to plate” perspective would 
categorize every industry involved in producing 
to satisfy final demand for consumption of food, 
2  The next generation of the IMPLAN input-output model 

currently in Beta testing is designed to capture these inter-
regional feedbacks. The error caused by not including these 
effects has been estimated to range from 1 to 14 percent 
(Miller and Blair 1985).

fiber, and wood in impact calculations. The most 
restrictive definition would limit the impact to 
the direct effect of farm and forestry production.  

One way of operationalizing these con-
cepts using an industry-based approach is 
offered by the USDA Economic Research Ser-
vice Farm and Farm-Related (FFR) industry 
definition that categorizes industries by the 
degree to which the workforce of the industry 
is involved in meeting domestic final demand 
for food and fiber products.3  Industries are  
classified as farm, “closely related” (i.e., 50 per-
cent or more of the workforce is involved in 
meeting final demand) and “peripherally related” 
(i.e., 32-49 percent of the workforce is involved 
in meeting final demand).  Figure 2.2 shows how 
these alternative definitions affect the measure-
ment of Virginia’s agriculture sector over time.  

3  This industry categorization is determined using information 
obtained from the Food and Fiber System input-output system.  
However, the industry definitions have not been updated since 
the early 1990s (Parker 2008).

Figure 2.2  Virginia Farm and Farm-Related Employment, 1981-2002 
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The most expansive definition shows farm and 
farm-related employment growing over time and 
representing approximately 13 percent of total 
employment in 2002. The “peripherally related” 
industries (mainly services) accounted for the 
lion’s share of this employment. In contrast,  
farming and “closely related” industries (mainly 
processing) represent a rapidly shrinking portion 
of the overall economy. 

Recognizing that there is a tradeoff between 
credibility and estimates of size that comes with 
including too much versus too little, most state-
wide studies have adopted an “intermediate” defi-
nition of agriculture and forestry which includes 
at least some processing industries but excludes 
services, trade, and distribution activities that 
would likely exist in the absence of these natural 
resources. However, even within this category, there 
is tremendous variation.  These differences may 
stem from “differences between state economies, 
linkages between sectors, and the purpose of [the] 
studies” (Leones, Schluter, and Goldman  1994).  
Whatever the case may be, there is no standard tem-
plate available to aid a researcher’s selection.

Agricultural studies show the least amount of 
consistency in how they define agriculture and 
agriculture-related activities.  Studies of Virginia 
agriculture took the broadest view and included 
many but not all of the Economic Research Ser-
vice’s farm and farm-related industries, includ-
ing eating and drinking establishments (Johnson 
and Wade 1994; Lamie 1997).  In contrast, many 
studies exclude trade, distribution, and service 
industries arguing that these industries would 
exist in much the same form if there were no state 
agriculture production and processing industries.  
For this reason, studies of the effects of agricul-
ture in Louisiana (Hughes 1995) and Wisconsin 
(Deller 2004) include only farming and food and 
fiber processing industries.  A study of Delaware 
used a more limited definition that restricted pro-

cessing sectors to those having at least five per-
cent of their production inputs derived from state 
agriculture. One drawback of this restrictive defi-
nition is that it may fail to include many agricul-
turally linked secondary processing industries, 
such as mayonnaise, dressing, and sauce manu-
facturing, which may use few raw agricultural 
inputs but may be heavily dependent on pro-
cessed agricultural inputs that are derived from 
the state such as flavoring syrup and concentrate 
and rendering and meat byproducts.

One can find some heterogeneity in industry 
scope among forestry studies as well.  The for-
estry, logging, wood products, and paper products 
industries are core sectors that can be found in 
most studies such as works for Texas (Xu 2002), 
Virginia (Becker 2006), Georgia (Riall 2002), 
West Virginia (Childs 2005), Florida (Hodges 
et al. 2005), Mississippi (Munn and Tilley 
2007), Michigan (Berghorn 2005), and Missouri  
(Upendram).  However, some studies expand this 
list to include support activities for forestry (Berg-
horn 2005; Becker 2006), construction (Becker 
2006), wood chemical industries (Hodges et 
al. 2005), some miscellaneous manufacturing 
industries such as burial caskets and vaults (Riall 
2002), paper and woodworking machinery (Riall 
2002), wood related wholesale (Berghorn 2005), 
and forestry-related government and research 
employment (Becker 2006). 

Complicating the identification of appropri-
ate agriculture and forestry sectors for a state or 
locality is the fact that many intermediate inputs 
may be derived from outside the state or local 
area.  That is to say, some processing and distri-
bution sectors may be very heavily dependent on 
agriculture and forestry natural resources while 
others may purchase commodities from outside 
the state or country.  In the latter case, one may 
not want to assign the size of the industry to 
the presence of regional inputs but rather to the 

Methodological Issues
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effect of market demand based on the presence of 
population centers.

Industrial location theory developed by 
Alfred Weber (see Text Box 2.2) suggests 
that the nature of the production process 
means that some industries locate in close  
proximity to the natural resource while others 
will locate closer to population demand.  When 
an industry takes a resource and processes it in 

Text Box 2.2.  Weber Location Triangle

Alfred Weber developed a theory of industrial 
production location for a firm that uses two nat-
ural resource inputs to produce a manufactured 
good.  In the model, each of the inputs is pro-
duced at fixed points in space and has trans-
portation costs associated with movement of 
the individual inputs to the manufacturing facil-
ity and a cost associated with transportation to 
market.  Weber showed that the firm will locate 

close to the input sources when the transporta-
tion costs of inputs are high and close to mar-
ket when the costs of transporting the manu-
factured product to market is high.  If transport 
costs per unit distance are the same for inputs 
and output, the costs of transport to market 
will be higher if the product gains weight at the 
manufacturing site in which case the industry 
will then locate close to market.  On the other 
hand, if the product loses weight at the site, it 
will locate close to the natural resource inputs. 

a way that reduces physical weight or bulk (e.g., 
sawmills), perishability (e.g., food canning), 
fragility, or the hazard of shipping the prod-
uct, then input transportation costs are high and  
production will tend to take place close to the 
resources (Hoover and Giarratani 1984).  When 
production results in an increase in final product 
physical weight or bulk, transportation costs to 
market will be high and the industry will tend to 
locate close to population centers.  For instance, 
soft drink bottling involves the mixture of pro-
cessed syrups and widely available water, which 
results in production closer to market.  

Previous Virginia studies of agriculture and 
forestry impact implicitly address the issue of 
economic linkages by segmenting the agriculture 
and forestry-related sectors in various ways.  For 
instance, Johnson and Wade (1994) distinguish 
among production, processing and distribution 
(including transportation, wholesale trade, retail 
trade, and some eating and drinking establish-
ment activities).  These categories represent in a 
basic way the strength of the purchasing linkages 
(or dependence on food and fiber inputs) with 
processing being closest and distribution more 
remote.  Becker (2006) divides forestry impact 
into primary processing (with the strongest local 
linkage because of the substantial weight and 
bulk reduction that occurs in manufacturing) and 
secondary processing with weaker linkages. 
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This study implements the general approach 
adopted by two studies conducted by Virginia 
Tech in the 1990s (Johnson and Wade 1994; 
Lamie 1997) of the economic impact of agricul-
ture and agriculture-related industries in Virginia.  
Those studies used IMPLAN models (see Text 
Box 3.1) for structural linkage analyses of the 
agribusiness sectors.1  The method is described 
as an “output-based” approach by Sharma et al. 
(1999). A similar research design has been used 
in studies of the Virginia forestry sector by the 
Virginia Department of Forestry (Becker 2006). 

This study, however, has several significant 
differences from those studies.  First, this study 
expands the scope of industries to include both 
the agricultural and the forestry sectors.  Sec-
ond, the sectors that are identified as agricul-
ture-related and forestry-related differ. Third, 
the study divides forestry and agriculture impact 
measurements into several parts. These compo-
nents are termed “production,” “core processing,” 
“extended processing,” and “distribution” activi-
ties. These components reflect varying degrees of 
reliance on Virginia agricultural and forestry raw 
material inputs. Third, this study relies on some 
supplemental data from unpublished sources, 
adjustment factors, and an alternative data 
smoothing method to improve measurement in 
industries where undercounting of employment 
and output occurs and where industry output 
is highly variable.  Fourth, the study takes into 
account government payments to the farm sector, 
which have grown in importance since the last 
1  Significant modifications in the IMPLAN model have been 

made since the time of these studies.  For instance, the 525 
sector model has been reduced to 509 sectors to parallel 
changes made in the benchmark BEA input-output tables, and 
the industry classification system has been changed from the 
Standard Industrial Classification (SIC) to the North American 
Industrial Classification System (NAICS).

SECTION 3
STUDY DATA AND RESEARCH DESIGN

study.  These payments have been recognized 
as agriculture-related impacts in other statewide 
economic impact studies (McCorkle and Ander-
son 2007).   Because of the clear break between 
the methodologies of this study and the previous 
ones, the studies and the resulting estimates of 
the size of the impact of agriculture and forestry 
should not be compared.

As with any study, it is not possible to mea-
sure every possible impact of agriculture.  For 
instance, no attempt is made to directly measure 
the impacts of agriculture and forestry-related 
tourism in this study.  However, some results 
from other studies are presented in section 5.  
Moreover, this study is an economic impact study 

Text Box 3.1  What is IMPLAN?

IMPLAN (or for IMpact analysis for PLANning) 
is personal computer software that is used for 
regional economic analysis.  It was created in 
the late 1970s for the USDA Forest Service to 
use in resource management planning but has 
evolved into a more comprehensive tool that 
is used to analyze local economic impacts. 
The Microsoft Windows menu-driven software 
simplifies regional input-output analysis for the 

nation as well as various types of sub-regions 
(state, county, and zip code areas).  Since this 
study needed a Virginia input-output table, the 
IMPLAN software was used to update and “re-
gionalize” an older national table (in this case, 
the 1997 United States Benchmark Table) using 
data produced by various federal government 
agencies. The result is an input-output table that 
is more appropriate for use in analyzing the Vir-
ginia economy.  The software includes various 
methods for creating multipliers and estimating 
impacts.  It also comes bundled with detailed 
regional economic data estimates that are im-
puted using data from the federal government.
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rather than a social-cost benefit analysis.  No 
attempt is made to gauge the wider social benefits 
and costs of agriculture and forestry.  However, 
clearly these are important societal and ecologi-
cal issues.   Forests, in particular, provide benefits 
in the form of carbon sequestration, stabilization 
of soils, wildlife habitat and biodiversity, flood 
mitigation, and improved water quality.  Scenic 
amenities may also improve quality of life.  On 
the other side, poorly regulated agricultural and 
timbering activities can impose costs such as 
water quality degradation, noxious odors, and 
airborne pathogens.

Industries for Agriculture and Forestry 
Direct Effects
This study identifies several dozen industries 
with strong linkages to agriculture and forestry.  
These include agriculture and forestry produc-
tion, wood and paper products manufacturing, 
food, textiles and apparel processing, forestry 
non-wood products such as hunting and trapping, 
and agricultural and forestry services.  In addi-
tion, closely related warehousing, wholesale, and 
landscaping service industries are included.

The starting points for defining appropri-
ate agriculture and forestry industries for Vir-
ginia are studies by the U.S. Department of 
Agriculture. Agriculture related industries are 
identified with the assistance of the Economic 
Research Service’s list of farm and farm-related 
processing and marketing industries classi-
fied as being “closely related” to agriculture. 
They include manufacturing industries nested 
within three-digit North American Industrial 
Classification (NAICS)2 codes of 311 (food  
manufacturing), 313 (textile mills), 315 (apparel 
manufacturing), and 316 (leather and allied 
product manufacturing).  They also include  
farm-related raw materials wholesale trade, and 
2  The North American Industrial Classification System 

(NAICS) is a coding system for industries that has been 
adopted by the U.S. and its partners, Canada and Mexico, 
as part of the North American Free Trade Agreement. 

farm product warehousing.  Packaging industries 
are excluded because they will be accounted for as 
backward linkages (see Text Box 3.2) in the input-
output model and will be measured in the indirect 
effects.  Lastly, one service industry, landscaping 
services, was added because of evidence of strong 
forward linkages with agriculture and forestry pro-
duction from a supply-side input-output analysis.

Forestry-related industries are identified 
using information from a U.S. Forestry Service  

publication (U.S. Department of Agriculture 
2004) that provides recommendations from a 
roundtable workshop about appropriate indus-
tries to include when measuring the direct and 
indirect employment effects of forestry.3  Only 
wood and paper products and non-wood forest 
products are included.  They include NAICS 
codes 113 (logging), 114 (hunting and trapping), 
321 (wood product manufacturing), 322 (paper 

3  This is provided as an addendum to the report for “Criterion 
6.  Indicator 44: Direct and Indirect Employment in the Forest 
Sector and the Forest Sector Employment as a Proportion of 
Total Employment.”

Text Box 3.2  Backward versus 
Forward Linkages

Backward linkages are those industrial linkag-
es that result from a given industry purchasing 
inputs.  In turn, the industries supplying those 
inputs will need inputs and so forth.  These 
linkages, represented by an economic mul-
tiplier, are what are measured by a straight-
forward application of input-output analysis.  
Forward linkages are industrial linkages that 
result from an industry providing outputs to 
other industries.  Those industries will in turn 
sell their output to other industries and suc-
cessive rounds of selling will occur.  These 
linkages, represented by a supply-side mul-
tiplier, are measured by a supply-side input-
output model (see Giarratani (1970) or Miller 
and Blair (1985) for more on this method).
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manufacturing), and selected industries within 
337 (furniture and related product manufactur-
ing).  In order to provide some symmetry with 
the treatment of the agricultural sector, closely 
related forest product wholesale and warehous-
ing industries are also included. 

Industries for both forestry and agriculture were 
further divided into production, core processing, 
extended processing, and distribution activities. 
“Production” activities are those industries asso-
ciated with growing and harvesting basic farm 
commodities, timber, and non-timber commodi-
ties.  “Core processing” industries are manufac-
turing industries that are heavily dependent on 
state commodity inputs as evidenced by strong 
forward linkages with production industries.4  It 
is unlikely that these industries would exist within 
the state in anything like their current form if 
commodity production did not occur in the state.  
“Extended processing” industries are manufactur-
ing industries that are somewhat less dependent on 
Virginia farm and forest commodity inputs. Core 
industries tend to be primary processing industries 
while extended industries tend to be secondary  
processing.  Lastly, “distribution” industries  are   
the remaining warehousing, wholesaling, and 
landscaping industries described earlier.  

4 The Virginia IMPLAN input-output model was used to dis-
tinguish between “core” and “extended” processing sectors.  
Processing industries with corresponding supply multipliers 
for production activity that exceeded a threshold level were 
grouped as “core” industries.  Supply multipliers are deter-
mined by basically transposing the columns of the input-output 
table. A fuller discussion of the methodology can be found in 
Giarratani (1976) and Miller and Blair (1985). An industry mul-
tiplier of .03 was selected as the threshold parameter because it 
provided a good approximation of what are considered primary 
and secondary processing industries.  Three adjustments were 
made to the resulting lists. Wineries did not appear as a strongly 
forward linked industry because grape production is vertically 
integrated and appears largely as a winery rather than grape 
input into production.  Although coffee and tea manufacturing 
and rice milling had output multipliers that met the threshold, 
these were judged to be anomalies due to the agriculture sectoral 
aggregation scheme used in the model.  These commodities are 
not produced in Virginia.  Therefore, they were removed from 
the “core” list and reassigned to the extended list.

Using this classification scheme, industries are 
listed in Table 3.1.

Data
Data for this study are drawn primarily from 
three sources and aligned with the IMPLAN sec-
tors. The most important is the Virginia Employ-
ment Commission (VEC) Quarterly Census of 
Employment and Wages (QCEW) for the sec-
ond quarter of 2006, which is representative of 
annual employment.  Industry employment fig-
ures are converted to sales/output equivalent fig-
ures by the model for use in generating model 
outcomes. The major problem with these data is 
that proprietors and self-employed individuals 
are not included. The absence of these business 
owners is particularly problematic for commod-
ity production sectors. Therefore, these data were 
supplemented or corrected in a variety of ways.  

U.S. Department of Agriculture National Agri-
cultural Statistics Service (NASS) commodity 
cash receipts data were used for all agricultural 
commodity sectors (U.S. Department of Agri-
culture 2007).5 However, since agricultural  
production data are volatile, a smoothed average 
value for each sector is generated using exponen-
tial smoothing for the period 1990-2006.6  The 
raw data and smoothed values (identified by the 
label “smoothed average”) are shown in Appendix 
A.2. Although the NASS cash receipts data are 
better than alternatives, they are far from perfect.  
For instance, cash receipts for some commodities 

5 In order to assign the NASS commodity cash receipts to the 
NAICS based IMPLAN sectors, it was necessary to create a 
bridge.  It was not possible to create an exact correspondence 
between two NASS commodities and IMPLAN sectors.   
Therefore, all cash receipts for the commodity category miscel-
laneous fruits and nuts were assigned to fruit trees (IMPLAN 
Sector= 5).  This was done because the overwhelming majority 
of production occurred for fruits according to the 2002 Census 
of Agriculture.  Second, the commodity category “Other field 
Crops” was assigned to “grain farming” (IMPLAN Sector=2) 
because the main crops in this category are rye and dry beans.

6 Exponential smoothing was performed using a single-exponential 
smoothing procedure (tssmooth) in STATA statistical software.

Data andResearch Design
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Table  3.1  Virginia Agriculture and Forestry Sectors

Implan               
Sector          Agriculture Industry

Implan   
Sector       Forestry Industry

Agriculture Production
  1 Oilseed farming
  2 Grain farming
  3 Vegetable & melon farming
  4 Fruit farming
  6 Greenhouse & nursery production
  7 Tobacco farming
  8 Cotton farming
10 All other crop farming
11 Cattle ranching & farming
12 Poultry & egg production
13 Animal production except cattle & poultry
18 Agriculture & forestry support activities
   NAICS 1151  Support activities for crop production
   NAICS 1152  Support activities for animal production

Forestry Production
  14 Logging
  15 Forest nurseries, forest products, & timber tracts
  17 Hunting & trapping
  18 Agriculture & forestry support activities
      NAICS 1153  Support activities for forestry

Agriculture Core Processing
48 Flour milling
60 Frozen food manufacturing
62 Fluid milk manufacturing
64 Cheese manufacturing
65 Dry, condensed, & evaporated dairy products
66 Ice cream & frozen dessert manufacturing
67 Animal, except poultry, slaughtering
68 Meat processed from carcasses
69 Rendering & meat byproduct processing
70 Poultry processing
71 Seafood product preparation & packaging
78 Roasted nuts & peanut butter manufacturing
83 Spice & extract manufacturing
84 All other food manufacturing
87 Wineries
89 Tobacco stemming & redrying

Forestry Core Processing
112 Sawmills
113 Wood preservation
114 Reconstituted wood product manufacturing
115 Veneer & plywood manufacturing
116 Engineered wood member & truss manufacturing
118 Cut stock, resawing lumber, & planing
119 Other millwork, including flooring

120 Wood container & pallet manufacturing
122 Prefabricated wood building manufacturing
123 Miscellaneous wood product manufacturing
125 Paper & paperboard mills
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Table 3.1 Virginia Agriculture & Forestry Sectors (continued)

Implan 
Sector           Agriculture Industry

Implan
Sector           Forestry Industry

Agriculture Extended Processing
  46 Dog & cat food manufacturing
  47 Other animal food manufacturing
  49 Rice milling
  54 Fats & oils refining & blending

  58 Confectionery manufacturing from purchased chocolate
  59 Nonchocolate confectionery manufacturing
  61 Fruit & vegetable canning & drying
  72 Frozen cakes & other pastries manufacturing
  73 Bread & bakery product, except frozen, manufacturing
  74 Cookie & cracker manufacturing
  76 Dry pasta manufacturing
  77 Tortilla manufacturing
  79 Other snack food manufacturing
  80 Coffee & tea manufacturing
  81 Flavoring syrup & concentrate manufacturing
  82 Mayonnaise, dressing, & sauce manufacturing
  85 Soft drink & ice manufacturing
  86 Breweries
  90 Cigarette manufacturing 
  91 Other tobacco product manufacturing 
  92 Fiber, yarn, & thread mills
  93 Broadwoven fabric mills
  94 Narrow fabric mills & schiffli embroidery

  96 Knit fabric mills
  97 Textile & fabric finishing mills

105 Other hosiery & sock mills
106 Other apparel knitting mills
107 Cut & sew apparel manufacturing
108 Accessories & other apparel manufacturing
110 Footwear manufacturing
111 Other leather product manufacturing

Forestry Extended Processing
117 Wood windows & door manufacturing
121 Manufactured home, mobile home manufacturing
126 Paperboard container manufacturing
127 Flexible packaging foil manufacturing
128 Surface-coated paperboard manufacturing
129 Coated & laminated paper & packaging material
130 Coated & uncoated paper bag manufacturing
131 Die-cut paper office supplies manufacturing

132 Envelope manufacturing
135 All other converted paper product manufacturing
362 Wood kitchen cabinet & countertop  
                    manufacturing
363 Upholstered household furniture manufacturing
364 Non-upholstered wood household furniture  
                    manufacturing
366 Institutional furniture manufacturing
367 Other household & institutional furniture
368 Wood office furniture manufacturing

369 Custom architectural woodwork & millwork
371 Showcases, partitions, shelving, & lockers

Agriculture Distribution
390 Wholesale Trade  
                  NAICS 4225 Farm product raw material wholesalers 
 
400 Warehousing & storage
    NAICS 49312  Refrigerated warehousing & storage
    NAICS 49313  Farm product warehousing & storage
458 Services to buildings & dwellings
    NAICS 561730  Landscaping services

Forestry Distribution
390 Wholesale Trade  
                  NAICS 42131  Lumber, plywood, millwork, &  
                     wood panel wholesalers
400 Warehousing & storage
    NAICS 49319  Other warehousing & storage

Data andResearch Design
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where there is a strong degree of vertical integra-
tion, such as poultry, may not adequately capture 
actual production because the processing firm 
owns or contracts with the farm to provide the 
commodity input. 

Data on federal government cash payments 
for farmers participating in agricultural support 
programs7 were obtained from the NASS (U.S. 
Department of Agriculture 2007) to measure 
the impact of these programs on the Virginia 
economy. These payments were assigned or dis-
tributed to farm commodity sectors likely to be 
impacted by the particular type of payment.

Data for several forestry sectors were supple-
mented or adjusted.  Data from Virginia Depart-
ment of Forestry product tax receipts were used 
to estimate production for Timber Tract Opera-
tions (NAICS code 1131). Virginia Employment 
Commission employment numbers were deemed 
to be inadequate because they do not adequately 
capture all timber sellers but focus on organized 
businesses. In addition, estimates of logging 
employment and hunting and trapping employ-
ment were inflated using data from IMPLAN 
Professional database  to correct for the absence 
of proprietors in these figures.8 

Model
This study uses the IMPLAN input-output 
model.  This model has been used extensively 
in regional impact analysis to measure the eco-
nomic effects of various kinds of events and  

7 These programs included fixed direct payments, counter-
cyclical payments, loan deficiency payments, milk income 
loss payments, tobacco payments, conservation programs, and 
other smaller programs.

8  IMPLAN employment data are generated from a variety of 
different sources including employment data from the U.S. 
Census Bureau (County Business Patterns), Bureau of Labor 
Statistics (Covered Employment and Wages – CEW), and 
Bureau of Economic Analysis (Regional Economic Informa-
tion System).  The imputed employment data reflect adjust-
ments for proprietors by industry.

public policies such as plant closures, the open-
ing of sports stadiums, and energy policies.  In 
addition, it has been used in many studies of the 
economic impact of the forestry and agricul-
ture industries (Leones, Schluter, and Goldman 
1994).

The model allows the user to choose from dif-
ferent types of economic multipliers, including 
type I, type II, and type SAM multipliers that 
were described in the last section. The mul-
tipliers selected here are type SAM multipli-
ers. The model was closed with respect to all 
institutions (all household income categories, 
federal and state government, capital, and 
inventory) as has been done in other statewide  
impact studies (e.g., Spurlock 2003; Hodges 
et al. 2005; Becker 2006).9  In order to avoid 
double-counting inputs, regional purchase 
coefficients (RPCs), which represent the por-
tion of state demand purchased from state 
producers, were set to zero in each of the 
IMPLAN agriculture and forestry related sec-
tors included in the model.10  This method of  
suppressing double-counting is used in other 
agriculture and forestry impact studies (Tan-
juakio, Hastings, and Tytus 1996).11 

9 Closing with respect to these institutions accounts for savings 
leakages and social security and income leakages as well as 
institutional injections of spending. The amount of model clo-
sure will influence the magnitude of induced impacts. 

10  Double counting occurs when you include the impact of a 
sector as a direct effect and then count it as the indirect effect 
of another sector because it serves as an input to that sector.  
For instance, the mayonnaise, dressing, and sauce manufactur-
ing industry uses flavoring syrup and concentrate industry as 
an input.  However, sales in that sector are already included 
as a direct effect.  By counting it also as an input for the  
production of another agribusiness industry, you are double-
counting.  Forcing the RPC to be zero for these sectors ensures 
that only the direct effect will be counted for these industries.

11  The exceptions were the wholesale trade, warehousing and 
storage, and services to buildings and dwellings sectors where 
RPCs were reduced to minimize double counting for that por-
tion of the sector that was agriculture and forestry related.
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Direct Impacts
Economic impacts are evaluated using three dif-
ferent measures: total industrial output (TIO), 
employment, and value-added (see Text Box 
4.1).  Employment includes full-time and part-
time and the self-employed and is measured by 
place of work rather than residence.  

SECTION 4
RESULTS

The direct effect of Virginia agriculture and 
forest-related industries in 2006 by IMPLAN 
sector is reported in Table 4.1.1 The industries 
accounted for $42 billion in total output, approx-
imately 196,100 workers, and over $13 billion 
in value-added.  The output, employment, and 
value-added direct effects are shown by their 
relative shares or the total direct effect for each  
agriculture and forestry component in Figure 4.1.  
Agriculture production is the largest component 
in terms of employment.  However, agriculture 
extended processing accounts for over 40 percent 
of output and value-added.

Total Impacts
Table 4.2 presents the total economic impact of 
agriculture and forestry related industries.  It indi-
cates that the total industry output or sales (TIO) 
impact of agricultural and forestry industries in 
Virginia was $79 billion in 2006, employment 
was slightly over half a million, and value-added 
nearly $37 billion. This impact includes indirect 
impacts and induced impacts. The corresponding 
multipliers are 1.86 for output, 2.56 for employ-
ment, and 2.75 for value-added.  Employment 
and value-added impacts were responsible for 
an estimated 10.3 percent of Virginia’s total 
employment, and 9.9 percent of Virginia’s Gross 
Domestic Product.  

1 These direct effect figures were generated from sales and 
employment data described in the previous section and value-
added, output, and employment conversion factors from the 
IMPLAN database.  

Text Box 4.1  Value-Added versus Total 
Industry Output

Total industry output (TIO) represents the total 
value of industry production during a period.  
It includes the value of output that is used as 
an input for production (i.e., intermediate pur-
chase) as well as value of purchases for final 

demand.  Because it “double counts” produc-
tion inputs that are not available for final use, it 

is not favored in most economic analysis.  Val-
ue-added refers to the additional value created 
or “added” to a product at different stages of 
production.  For example, fruit could be stewed 
and canned by a food processor to make the 
raw commodity more valuable. Value-added is 
calculated by subtracting the values of interme-
diate purchases such as tin cans and fuel from 
the value of products sold for final demand.  It 

is equivalent (minus capital depreciation ex-
penses) to the sum of employee compensation, 
proprietary income, other property type income 
(e.g., rents, dividends and undistributed profits), 

and indirect business taxes (i.e., sales and ex-
cise taxes). The value-added concept is mea-
sured by gross domestic product (GDP) and is 
available from the Bureau of Economic Analy-
sis (BEA) for states and metropolitan areas.
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Table 4.2 also breaks down the direct, indi-
rect, induced, and total impacts separately for the 
agriculture and forestry sectors. The agriculture 
sector accounted for $55 billion in total industry 

output, approximately 357,100 jobs, and nearly 
$26 billion in value-added. The forestry sector 
had a total impact of approximately $23 billion 
in total industry output, approximately 144,400 

Table 4.1 Virginia Agriculture and Forestry Industries Direct Output, Employment, and Value-added, 2006

Implan Industry Output (Millions $) Employment Value-added (Millions $)

Agriculture

     Production 2,890.9 55,085 1,333.1

     Core processing 6,954.4 21,755 1090.7

     Extended processing 17,472.1 27,550 5661.8 

     Distribution 1,443.1 26,648 761.3 

     Government payments 176.6 4,808 120.9

Forestry

     Production 1,601.4 6,931 464.1 

     Core processing 6,108.1 21,479 1,777.9 

     Extended processing 4,854.1 27,309 1,585.2 

     Distribution 757.8 4,528 516.9

Total 42,258.6 196,093 13,311.9
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Figure 4.1  Virginia Direct Effects by Agriculture and Forestry Component, 2006
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Table 4.2  Virginia Total, Direct, Indirect, and Induced Impacts of Agriculture and Forestry, 2006.

Output (Million $) Employment Value-added (Million $)

Agriculture and Forestry

     Direct 42,258.6 196,093 13,311.9

     Indirect 11,817.2 74,970 6,868.7

     Induced 24,526.4 230,420 16,373.0

     Total 78,602.2 501,485 36,553.5

     Multiplier 1.86 2.56 2.75

Agriculture

     Direct 28,937.1 135,846 8,967.7

     Indirect 8,859.1 56,603 5,212.4

     Induced 17,377.9 164,656 11,639.7

     Total 55,174.1 357,105 25,819.9

     Multiplier 1.91 2.63 2.88

Forestry

     Direct 13,321.5 60,247 4,344.1

     Indirect 2,958.1 18,367 1,656.3

     Induced 7,148.6 65,766 4,733.3

     Total 23,428.2 144,380 10,733.7

     Multiplier 1.76 2.40 2.47

Results

jobs, and nearly $11 billion in value-added. The 
multipliers associated with agriculture were 
slightly larger than those for forestry.

The impacts of agriculture and forestry were 
felt in other sectors of the economy (see Table 
4.3 and Figure 4.2).  The largest effects were in 
manufacturing and agriculture, forestry, fishing, 
and hunting where direct effects were dominant.  
However, agriculture and forestry stimulated 
large public and private services responses 
through the effects of industry purchases, house-
hold, and other institutional purchases and sub-
sequent rounds of spending.  The effects trickled 
down throughout the state economy affecting 
every sector. For some industries, such as trans-
portation and warehousing and management of 
companies, the impacts were primarily indirect. 
For others, such as construction, retail trade, 
health and social services, and government, the 
impacts were chiefly induced.

Impacts by Industry Components
The impacts were further broken down into their 
production, core processing, extended processing, 
distribution, and government payments (agricul-
tural support) components.  Impacts are shown 
for output (Table 4.4), employment (Table 4.5), 
and value-added (Table 4.6).  

Results indicate that agriculture-related activi-
ties account for approximately 70 percent of total 
agriculture and forestry output, employment and 
value-added impacts with forestry related activi-
ties making up the remainder.2  Relative to the 
2  Christmas tree farming is often claimed by both the agricul-

ture and forestry industries.  This industry is very conserva-
tively estimated to have generated $10,000,000 in cash receipts 
which translates into 204 direct jobs.  Based on these numbers, 
the total impacts are $20,514,919 in output, 296 in employ-
ment, and $14,058,644 in value-added.  Because this industry 
is incompletely measured by the Census of Agriculture, it is 
recognized that the actual impact may be several multiples of 
this amount. For instance, a West Virginia study (Childs 2005) 
found that Census of Agriculture figures represented only 
about 40 percent of actual sales.
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state economy, agriculture-related industry impacts 
represent approximately 7 percent of employment 
and value-added represents approximately 7 percent 
of Virginia’s GDP.  Forestry-related industry repre-
sents 3 percent of each.

Looking at the value-chain components, pro-
duction industry impacts (see Figure 4.3) make 
up 17 percent of the total employment impact 

but a considerably smaller share, 10 percent, of 
value-added and output impacts. This reflects the 
presence of many part-time farmers and seasonal 
employees in the sector.  Core processing makes 
up 23 percent of the employment and value-
added impacts but 27 percent of output impact. 
Extended processing is the largest impact cate-
gory, constituting 47 percent of the employment 

Table 4.3  Total Impact of Virginia’s Agriculture and Forestry by Major Industry, 2006

                                                                                  Output (Million $)                Employment                   Value-added (Million $)

Agriculture, forestry, fishing & hunting 4,672.9 66,931 1,919.4 

Mining 111,3 372 43.0 

Utilities 1,035 1,194 642.0

Construction  2,514.1 22,150 1,215.7 

Manufacturing  37,759.4 105,788 10,832.7 

Wholesale trade  3,070.6 17,147 2,098.9 

Transportation & warehousing 2,107.2 20,232 1,143.2 

Retail trade  2,445.6 36,748 1,552.6 

Information  1,441,1 5,008 684.8 

Finance & insurance  2,212.5 10,683 1,329.5 

Real estate & rental  1,904.1 9,318 1,291.5 

Professional, scientific, & technical  services  3,906.3 30,018 2,521.2 

Management of companies  2,170.3 10,103 1,396.4 

Administrative & waste services  2,173.0 40,730 1,209.3 

Educational services  239.4 4,337 145.6 

Health & social services  2,214.0 27,185 1,354.9 

Arts, entertainment, & recreation 246.3 6,245 140.6 

Accommodation & food services  237.3 3,184 152.4 

Other services  1,560.9 21,847 889.5 

Government & other 1 6,581.2 62,264 5,990.5 

Total 78,602.2 501,484 36,553.5

1 Imputed rental payments for owner-occupied dwellings is captured in output and value-added impacts.

Table 4.4  Total Impact of Virginia’s Agriculture and Forestry by Component, Output in Millions 
of Dollars, 2006

      Agriculture                      Forestry

Production 5,042.1 2,331

Processing core 10,821.0 10,770.2

Processing extended 35,759.8 8,602.8

Distribution 3,210.1 1,724.2

Government payments 341.1

Total 55,174.1 23,428.2
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Table 4.5  Total Impact of  Virginia’s Agriculture and Forestry, Employment, 2006

       Agriculture
       Impact as Percentage  
        of  Total Employment 

      Forestry
Impact as Percentage  
 of Total Employment

Production  73,613  1.51 13,336      0.27

Processing core  53,205  1.09 59,242    1.22

Processing extended  180,701  3.72 58,290  1.20

Distribution  43,336  0.89 13,512  0.28

Government payments  6,249  0.13

Total  357,104  7.35 144,380   2.97

Table 4.6  Total Impact of  Virginia’s Agriculture and Forestry, Value-Added in Millions of Dollars, 2006

     
     Agriculture

        Impact as Percentage  
                 of GSP

      
       Forestry

    Impact as Percentage  
 of GSP

Production 2,721.4  0.74 936.9  0.25

Processing core 3,539.5  0.96 4,700.7  1.27

Processing extended 17,428.0  4.72 3,941.0  1.07

Distribution 1,903.4  0.52 1,155.0  0.31

Government Payments 227.6  0.06  

Total 25,819.9  6.99 10,733.6  2.91

Indirect InducedDirect

Figure 4.2  Distribution of Virginia’s Direct, Indirect, and Induced Employment Impacts by Industry, 
2006
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impact, 56 percent of output impact, and 58 per-
cent of value-added impact. Distribution activi-
ties account for 11 percent of the employment 
impact, 8 percent of value-added impact, and 6 
percent of output impact.  Government payments 
account for approximately 1 percent of each.  

Impacts by Region
Impacts were estimated for the seven NASS 
agricultural statistic areas.3 There are large 
regional differences in the absolute and relative 
sizes of agriculture and forestry-related industries.  
The largest direct employment impact is in the 
highly populated Northern district.  However, the  

3  These estimates were generated using input-output tables that 
were regionalized for each of the seven agricultural statistic 
areas. The intrastate impact estimates were computed as a 
residual of the statewide impact estimates.

largest direct value-added and output impacts are 
in the Central district because of the stronger pres-
ence of processing industries (see Table 4.6).  The 
largest total output, employment, and value-added 
impacts are achieved in the Central district where 
multiplier effects are more pronounced (see Table 
4.7).  Approximately 3.4 percent of employment, 
5.6 percent of output, and 8.7 percent of value-
added total impacts are realized outside the district 
where the direct impacts occur. These impacts are 
referenced as “intra-state” in the table.

Impacts as a percentage of estimated total 
employment range from a low of approxi-
mately 5 percent of total employment in the more 
urbanized and diversified economy of North-
ern Virginia to nearly one in four employees in 
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the Southern district centered on Danville (see  
Figure 4.4).  Unlike the rest of the state, where agri-
culture-related impacts form the largest share, the 
bulk of total economic impact in the Southern dis-
trict can be attributed to forestry-related industries.  

Although this study does not examine the 
distribution of intraregional impacts by district, 

other researchers have found that that these 
impacts vary with direct production and process-
ing impacts felt primarily in rural counties while 
the service-related indirect and induced impacts 
are concentrated in more urbanized counties 
(Hughes and Litz 1996).

Table 4.7 Direct Impact of Virginia Agriculture and Forestry by District, 2006

            Output (Million $)               Employment      Value-added (Million $)

Northern  6,621.7  47,533  2,113.5

Eastern  3,535.8  18,473  1,090.4

Western  3,940.4  16,339  1,117.7

Southern  3,923.4  23,275  1,205.1

Southwestern  2,810.6  22,211  796.1

Central  15,835.1  41,465  5,565.6

Southeastern  5,591.6  26,797  1,423.5

Total  42,258.6  196,093  13,311.9

Table 4.8 Total Impact of Virginia Agriculture and Forestry by District, 2006

          Output (Million $)               Employment         Value-added (Million $)

Northern 11,874.2  93,539   5,596.2

Eastern  5,694.9  38,595   2,450.1

Western  6,342.3  37,768   2,519.8

Southern   5,346.2  36,620   2,051.4

Southwestern   3,952.6  32,627   1,410.6

Central 31,603.0  183,576 15,446.8

Southeastern   9,367.2  61,596   3,892.3

Intra-state   4,421.8  17,164   3,186.2

Total 78,602.2  501,485 36,553.5

Figure 4.4 District Employment Impact as Percentage of Total Employment by District, 2006
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Equine Industry
Although agriculture impacts derived from equine 
sales are accounted for in the previous section and 
reflect the effects of purchases of inputs in equine 
production such as grooming, feeding, shelter-
ing, and veterinarian care, such specific impacts 
do not capture the full impact of the industry.  
An important part of the impact can be attrib-
uted to recreation and tourism activities such as 
trail riding, competitions and shows, and racing.  
According to a study completed for the Virginia 
Equine Educational Foundation, over 800,000 
people participated in or attended approxi-
mately 700 equine events in 2001 and spent $167  
million (The Wessex Group 2003).  A study of 
the Virginia Horse Center in Lexington estimated 

direct expenditures by participants and the Horse 
Center totaled $38.9 million and generated a 
total impact on output in Virginia of $53.3 mil-
lion, $33.3 million of value-added, and 855 jobs 
(Knapp 2005).

Wineries
According to the July 2007 issue of Travel + 
Leisure magazine, Virginia is one of the top five 
“newest, ready-for-primetime wine regions from 
around the world.”  Virginia is currently home to 
approximately 130 wineries dispersed through-
out the state.  In addition to offering wine prod-
ucts, wineries present entertainment and cultural 
events with tasting rooms forming the focus of 

Many forestry and agriculture impacts are not 
captured by the previous estimates. For instance, 
recreation and tourism are not fully included in 
part because of the difficulty of measuring the 
volume of specific activities and assigning them 
to the presence of forests and agriculture.1  How-
ever, some estimates of the tourism contribution 
of agriculture and forestry are available from 
other studies.2  These impacts are discussed for 
wildlife related recreation, the horse industry, 
wineries, and non-winery agri-tourism, festivals, 
and fairs.

Wildlife Recreation
Wildlife associated recreation is connected to the 
presence of forest.   In 2001, there were 1,137,000 
sportspersons (fishers and hunters) and 2,460,000 
wildlife-watching participants in Virginia (U.S. 
Department of the Interior and U.S. Department 
of Commerce 2001).  The total multiplier effects 
(direct, indirect, and induced) of forestry-related 
sporting, spending, and traveling  (freshwater fish-
ing and hunting) alone generated approximately 
$1.5 billion in output and over 13,000 in employ-
ment (see Table 5.1).  Camping, hiking, boating, 
swimming, and other activities might be expected 
to have similar impacts but estimates are not avail-
able.  However, in 2006, there were an estimated 
22,943,728 visits to national parks and 6,651,787 
visits to state parks in Virginia (Virginia Tourism 
Corporation 2008).  Moreover, outdoor-related 
activities related to  “mountains,” “scenic drive,” 
“national and state parks,” and “hiking” rank among 
the most popular activities for Virginia visitors  
(Virginia Tourism Corporation 2008).
1  Tourism and timbering are often mutually exclusive activities 

such as when clear cutting is used.  
2 Virginia agricultural commodities sold on farms is captured in 

the previous analysis. However, tourism expenditures on trans-
portation, lodging, and other products and services are not. 

SECTION 5
AGRICULTURAL AND FORESTRY TOURISM IMPACTS

Table 5.1  Wildlife Recreation Impacts in Virginia, 2001

Activity     Total Output ($)          Employment

Freshwater fishing     734,968,076 6,824

Hunting   724,962,684 6,641

Total    1,459,930,760 13,465

Source: American Sportfishing Association (2002) and Interna-
tional Association of Fish and Wildlife Agencies (2002)
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many activities.  Winery festivals are also a sig-
nificant tourism draw.  According to a study of the 
Virginia Wine industry in 2005 for the Virginia 
Vineyards Association, the wine grape produc-
ers had a $347 million economic impact (Morris 
2007).  Most of this impact is visitor related.

Other Agritourism, Agricultural  
Festivals, and Agricultural Fairs
Many Virginia farms supplement their income by 
offering visitor attractions such as on-farm festi-
vals, on-farm markets, pick-your own, hayrides, 
corn mazes, pumpkin patches, tours, petting zoos, 
food services, and lodging services. Although 
reliable visitorship figures are not available for 
Virginia, farm survey data suggest that the num-
ber of farms involved in agritourism may run in 
the hundreds (McGehee and Kim 2004).  Thus, 
Virginia agritourism impacts may be similar in 
magnitude to nearby states such as Tennessee, 
where farm visitor expenditures for an estimated 
379 non-winery agritourism attractions support 
approximately 500 jobs and 12 million in value-
added (Jensen et al. 2006).  

Finally, some amusement and entertainment 
services can be tied indirectly to agriculture and 
forestry resources. For instance, zoos and botani-
cal gardens provide employment to hundreds of 
Virginians but their economic impacts are not 
counted. The golf industry is often considered 
a “green industry” because of the importance 
of turfgrass installation and maintenance.3 One 
statewide study estimates the economic impact of 
Virginia golf course operations (which includes 
golf equipment, vendors, food and beverages, 
and turfgrass maintenance) is nearly $1.5 billion 
in output (Virginia Golf Council 2006).

Virginia hosts dozens of agricultural festivals 
each year also, including festivals celebrating 
farm commodities as varied as apples, peaches, 
peanuts, garlic, ramps, blackberries, and dairy 
products.  Moreover, state and county fairs, which 
have a strong agricultural component, including 
livestock and agricultural competitions, generate 
hundreds of thousands of visitors.   
3 Likewise, no effort was made to estimate the full impact of 

the turfgrass industry which would include the direct effects 
of growers, installation and maintenance services, and mer-
chandising activities. However , recent impact estimates of the 
industry are available in Beddow et al. (2001).
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In 2006, an estimated $2.7 billion in cash receipts 
were generated by Virginia’s farms and nearly 
$350 million was received by forest landowners 
for harvested timber.  However, the economic 
effects of these activities are felt far beyond the 
farm and the timber tract.  The agriculture and for-
estry production industries purchase inputs from 
other industries, generate wages and income for 
workers and owners who spend the income in the 
state economy, and contribute to the viability  of 
processing industries that might not exist without 
the local availability of agriculture and forestry 
raw materials.  

When these effects are gauged, the total eco-
nomic impact of agriculture and forestry related 
industries is $79 billion in total industry output 
or sales, $37 billion of value-added  (which is 
9.9 percent of Virginia’s GDP), and 501,500 jobs 
(which is 10.3 percent of state employment). 
Results indicate that agriculture-related activities 
account for approximately 70 percent of agricul-
ture and forestry total output, employment and 
value-added impacts with forestry related activi-
ties making up the remainder.  The bulk of the 
impact, however, is attributable to a subset of 
manufacturing industries that has a somewhat 
weaker reliance on Virginia’s farm commodities 
and timber.

The impacts of agriculture and forestry are 
felt in other sectors of the economy.  The largest 
effects are in the manufacturing and agriculture, 
forestry, fishing, and hunting industries where 
direct effects are dominant.  However, agricul-
ture and forestry stimulate large public and pri-
vate services responses through indirect and 
induced spending.  The effects branch through-
out the economy affecting every sector.

SECTION 6
SUMMARY AND CONCLUSION

Impact estimates for Virginia’s regions indicate 
sizeable differences in the absolute and relative 
sizes of agriculture and forestry related indus-
tries.  The largest total impact occurs in Central 
Virginia.  Impacts as a percentage of estimated 
total employment range from a low of approxi-
mately 5 percent of total employment in heavily 
populated and economically diversified Northern 
Virginia to nearly one in four employees in the 
Southern district centered on Danville, which is 
very dependent on forest products industries.  

The agriculture and forestry industries also 
impact the economy in ways that are not mea-
sured here.  For instance, this study did not 
compute estimates of agritourism and forest rec-
reation’s impact.  These activities include fresh-
water fishing, hunting, hiking and backpacking, 
camping, wildlife watching, equine events and 
horseback riding, wineries and other agritour-
ism, agricultural festivals, and state and county 
fairs.  Studies reviewed here that examine just 
a few of these activities are suggestive that this 
impact may amount to several billions of dollars.  
Therefore, agriculture and forestry are important 
components of Virginia tourism. 

In addition, no attempt is made to gauge the 
wider social benefits and costs of agriculture and 
forestry.  However, these are important societal 
and ecological issues.   Forests, in particular, pro-
vide benefits in the form of carbon sequestration, 
stabilization of soils, wildlife habitat and bio-
diversity, flood mitigation and improved water 
quality.  Scenic amenities may also improve 
quality of life.  Poorly regulated agricultural and 
timbering activities can impose costs such as 
water quality degradation, noxious odors, and  
airborne pathogens.
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Although the agriculture and forestry sectors 
have had fairly steady production in recent years, 
both sectors face opportunities and challenges 
in the process of maintaining their absolute and 
relative positions within the economy.  These 
positions will be shaped by numerous factors in 
the areas of production technology, consumer 
demand, energy prices, urban population growth, 
government policy, and the global economy.  By 
gauging the size of forestry and agriculture sec-
tors now and in the future, it will be possible to 
benchmark and gauge how these developments 
are affecting the role of agriculture and forestry 
in Virginia’s economy.

The input-output model used here suggests addi-
tional forces that determine the overall impacts of 
these renewable natural resources.  It is not only 

increasing the volume of final demand by offering 
competitively priced, quality products that sat-
isfy consumer tastes that is important.  Creating 
higher-value-added products through innovation 
and product upgrading can lead to larger eco-
nomic impacts as well. The density of the trading 
interrelationships among agriculture and forestry 
related sectors and other sectors and institutions 
within the economy is also significant because it 
helps to determine the magnitude of the indirect 
and induced effects.  Therefore, strengthening 
linkages among industries in the agriculture and 
forestry value chain, substituting local products 
for imports, and improving linkages among all 
local industries and local consumers have a role 
to play in determining the future magnitude of 
these industries on Virginia’s economy. 
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