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Abstract 
Policymakers and economic development profes-
sionals are often confronted with fundamental 
questions about the efficacy of agriculture-based 
economic development initiatives in enhancing the 
economic vitality of communities relative to other 
forms of development. By better understanding the 
relationships of agricultural industries within local 

economies, community educators, industry leaders, 
and public officials can make more informed 
choices to enhance economic activity and impact. 
We illustrate a framework for conducting multi-
industry economic contribution analyses to inform 
practitioners on what it is, when it should be used, 
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and what information it can provide. As these 
types of analyses are popular among industry and 
public agencies alike, promoting a replicable frame-
work improves the compatibility and comparison 
of analyses across industries, geographies, and time. 
In addition, we describe the costs and rewards of 
primary data collection to support more refined 
and locally-specific impact estimates and illustrate 
its use to the apple industry in New York State. 
Finally, we describe how backward industry link-
ages lead to commonly referenced multipliers. In 
doing so, practitioners can better understand the 
local supplying industries that are most important 
to the industry of inquiry and the supplying sectors 
most influenced by industry expansion efforts. 

Keywords 
Agricultural Development, Input-Output Analysis, 
Multi-Industry Economic Contribution, Economic 
Multipliers, Local Food Systems Toolkit 

Introduction and Literature Review 
Policymakers and economic development profes-
sionals are often confronted with fundamental 
questions about the efficacy of agriculture-based 
economic development initiatives in enhancing the 
economic vitality of communities relative to other 
forms of development. What are the economic 
impacts of alternative development options, how 
should the impacts be measured, and what matters 
most are common questions. If the economic 
impacts of agriculture-based development are 
comparable to or exceed non-agriculture-based 
efforts, it makes sense that they be ‘at the table’ 
when evaluating alternative opportunities. That 
said, a careful understanding and interpretation of 
economic impacts are required for informed 
decision-making. 
 Take, for example, a policy decision directed 
towards the expansion of alternative manufacturing 
industries. If policy foci center on targeting devel-
opment efforts to industries with the largest multi-
plier effect on jobs, attention to the milk 

                                                            
1 Given the numbers above, a US$10 million dollar expansion in flour milling will require 6 direct jobs, while a comparable expansion 
in fluid milk manufacturing will require 13. Multiplying the same jobs multiplier (6) to each number of new direct jobs created implies 
that 36 total jobs will be created in the economy as a result of the flour milling expansion versus 78 total jobs as a result of the fluid 
milk manufacturing expansion.  

manufacturing and flour milling sectors in New 
York State (NYS) would be appropriate as both 
have similar and relatively high jobs multipliers of 
around six (IMPLAN, 2016). It is worth noting 
that NYS has a large dairy farming industry but a 
relatively small amount of wheat production. So 
why do the milk manufacturing and flour milling 
sectors have a similar jobs multiplier? A jobs 
multiplier of six implies that for every job created 
directly, an additional five jobs are created in 
backward linked local industries. However, the 
total number of jobs created is also dependent on 
the size of the industry expansion. Specific to NYS, 
0.6 jobs are required in flour milling for every 
million dollars of output, while every million 
dollars of fluid milk sales requires 1.3 direct jobs 
(IMPLAN, 2016). In other words, to reach the 
same level of total job creation, the size of industry 
expansion in flour milling would need to be over 
twice that of fluid milk manufacturing.1  
 Furthermore, it is important to emphasize that 
the size of the multipliers says nothing about the 
likelihood or means by which the primary indus-
tries can be expanded. The likelihood of the expan-
sion of a given sector depends on where markets 
are expanding and the extent to which these sec-
tors are the ones in which the multipliers are large 
(Schmit & Boisvert, 2014). Indeed, an equivalent 
impact could be achieved by supporting the indus-
tries that supply those that are targeted for expan-
sion thereby increasing local purchases and the size 
of the expanding industry’s economic multipliers. 
In short, development alternatives need to consider 
the local generative effects, the availability and 
expansion potential of locally procured inputs, and 
the absolute size of the industry expansion.  
 Numerous agriculture-based economic contri-
bution analyses can be found online and conducted 
by various academic, government, industry, and 
consulting agencies. Several Land Grant universi-
ties have estimated the economic contribution of 
agriculture for their states, albeit with varied defini-
tions of agriculture and/or the analytical 
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approaches employed (e.g., Econsult Solutions & 
Fox School of Business, 2018; Schmit, 2016; 
Deller, 2014; University of Arkansas, 2014; Fields, 
Guo, Hodges & Mohammad, 2013; Ferris & 
Lynch, 2013). Largely, such studies rely on existing 
secondary data and software regarding industry 
spending and sales patterns (often IMPLAN).2 
Some recent commodity-specific examples include 
the U.S. dairy industry (International Dairy Foods 
Association [IDFA], n.d.), the North American 
cranberry industry (Alston, Medellin-Azuara, & 
Saitone, 2014), and the Washington State apple 
industry (Globalwise, 2014)––again, primarily 
relying on existing secondary data. 
 Alternatively, Schilling, Sullivan, Komar, and 
Marxen (2011) analyze the agritourism industry in 
New Jersey, one that is not defined explicitly in the 
North American Industry Classification System 
(NAICS); thus, an analysis of this industry requires 
supplemental data collection to identify its spend-
ing and sales patterns.3 Similarly, the economic 
contributions of cooperative businesses have been 
studied (e.g., Deller, Hoyt, Hueth, & Sundaram-
Stukel, 2009; Karaphillis, Duguid, & Lake, 2017). 
Since cooperatives are not confined to any one 
industry, researchers need to either identify the 
industries for which they are located and apply 
those sales and spending patterns to the coopera-
tive activity, or collect data from cooperatives to 
quantify them explicitly. 
 Increasing discussions of agriculture-based 
economic development opportunities have 
occurred in the context of how expanding local 
food systems benefit agricultural producers and the 
local communities from where they reside. Alterna-
tive impact analyses have been applied to a range 
of local food system activities––e.g., direct market-
ing (Schmit, Jablonski, & Mansury, 2016; Hughes 
& Isengildina-Massa, 2015; Henneberry, Whitacre, 
& Agustini, 2009; Hughes, Brown, Miller, & 
McConnell, 2008, Otto & Varner, 2005), food hubs 
(Jablonski, Schmit, & Kay, 2016; Schmit & 
Jablonski, 2017), farm-to-school (Gunter & 
Thilmany, 2012), and livestock processing 

                                                            
2 The IMPLAN economic impact assessment software system and associated data bases are often used by practitioners to construct 
local models and assess economic impacts. For more information, go to https://www.implan.com  
3 For more information on NAICS industry categories go to https://www.census.gov/eos/www/naics/  

(Swenson, 2011). Thilmany McFadden et al. (2017) 
provide a comprehensive examination of these 
types of analyses and present a guiding toolkit to 
assist communities assessing these issues.  
 By better understanding the relationships of 
agricultural industries within local economies, com-
munity educators, industry leaders, and public offi-
cials can make more informed choices to enhance 
economic activity and impact. However, precise 
answers to these types of questions are elusive, 
often due to a lack of data to address them suffi-
ciently. Accordingly, the evaluation of the eco-
nomic contributions of industries and/or industry 
expansion efforts requires careful consideration of 
the methodologies employed and data collected for 
their use.  
 We address these issues through three distinct 
yet inter-related contributions. First, the require-
ments and availability of appropriate data are of 
particular consequence to producing defensible 
economic impacts. Understanding where local pri-
mary data can supplement or replace secondary 
data is important in order to improve the precision 
of results. That said, primary data collection comes 
with a cost, in both time and dollars. Using the 
NYS apple industry as a case study, we describe the 
costs and rewards of primary data collection to 
support more refined and locally-specific impact 
estimates. We describe the nature of the financial 
data needed, highlight the costs of and potential 
barriers to collecting it, and compare economic 
contribution results based on the primary data we 
collected relative to the default data available in 
IMPLAN.  
 Second, we illustrate a framework for appro-
priately conducting multi-industry economic con-
tribution analyses––specifically, where the outputs 
of some industries serve as inputs to others. For 
our case example of the apple industry, we go from 
farm input services, to farm production, to pro-
cessing. Fruit production and processing are im-
portant agricultural industries in NYS, and apples 
represent a major component of these industries. 
However, our focus is less on the actual levels of 
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impact, but rather on the process and what practi-
tioners need to consider to appropriately estimate 
economic contributions, avoid double counting, 
and interpret the results.  
 Our final contribution emphasizes the distribu-
tional impacts associated with an industry’s direct 
contributions. The indirect and induced changes in 
economic activity make up the multiplier effects via 
inter-industry purchases and supply chain linkages. 
The indirect impacts are in the form of purchases 
of a variety of goods and services in backward-
linked industries; the induced impacts are in the 
form of the labor income generated by those busi-
nesses and spent by owners and employees for 
household goods and services. Multipliers are a 
useful way to sum up the total value of industry 
linkages; however, much can be learned from a 
closer examination of the individual components 
of those values.  
 We continue now with a description of our 
analytical approach, including an exposition of 
what types of data were collected (primary and sec-
ondary) for our case study example and how we 
quantified the direct effects. We then present the 
results to the three contributions identified above. 
We close with a summary discussion and 
conclusions.  

Applied Research Methods 
Particular to this special issue of the journal, our 
approach incorporates all of the modules from 
Thilmany McFadden et al. (2017). In particular, we 
received input from industry stakeholders (e.g., 
New York Apple Association (NYAA), NYS Cider 
Association) to frame our economic assessment 
(Module 1). We incorporated secondary data into 
our analysis from the U.S. Department of Agricul-
ture (USDA), U.S. Department of the Treasury 
(USDT), and IMPLAN (Module 2).We developed 
and administered firm-level surveys for apple pro-
ducers and intermediaries (Module 3) and engaged 
with additional stakeholders to supplement our pri-
mary data collection efforts (e.g., Cornell Coopera-
tive Extension (CCE), the CCE Lake Ontario Fruit 
Team (LOFT), and Cornell University (Module 4). 
We constructed a customized state-level input-
output (IO) model within IMPLAN. This model 
included a specific NYS apple farming industry 

extracted from the more aggregate fruit farming 
sector available in the software. We also accounted 
for product flows across industries to prevent 
double counting (Modules 5, 6, and 7). 
 IO models provide an insightful way to investi-
gate the underlying processes that bind an econ-
omy together. Its strengths lie in a detailed repre-
sentation of the primary and intermediate input 
requirements by production sector, the distribution 
of sales of individual industries throughout an 
economy, and the interrelationships among these 
industries and other economic sectors of an econ-
omy (Schmit & Boisvert, 2014). Our description of 
economic contributions follows three common 
economic measurements––output, labor income, 
and employment. Output is the value of industrial 
production in producer prices; for manufacturing 
sectors, it equals sales plus changes in inventory; 
for service sectors, it equals sales; and for whole-
sale and retail sectors, it equals the gross margin 
(i.e., sales less the cost of goods sold). Labor 
income is the sum of employee compensation (i.e., 
total payroll cost) and proprietor income (i.e., 
income to self-employed and unincorporated busi-
ness owners). Employment is the average monthly 
number of jobs in a year, both full and part-time. 

Contribution Analysis 
In deference to an impact analysis that considers 
the change in new demand induced by policy or 
private initiatives, a contribution analysis for an 
industry (or collection of industries) describes that 
portion of an economy that can be attributed to 
the existing industry (or industries). For a contribu-
tion analysis, the existing total output provides the 
initial direct effects of the analysis. When com-
pared to the entire economy, the results provide 
insight into the relative extent of the industry in the 
economy and the strength of its backward linkages. 
With respect to output, the direct effects represent 
sales by the industry or industries of interest, the 
indirect effects represent sales by the backward-
linked industries, and the induced effects represent 
industry sales due to consumption out of labor 
income.  
 A collection of related agriculture-based indus-
tries represents a complex intersection of produc-
tion inputs and services at the farm to produce a 
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crop that is subsequently harvested, processed, and 
marketed to a series of downstream intermediaries 
(e.g., wholesalers and retailers) and institutions 
(e.g., governments and households). In a multi-
industry analysis, it is important to understand 
where outputs in one industry represent inputs to 
another to avoid double counting. IMPLAN pro-
vides procedures to accommodate this within their 
software; further explanations are available in 
Schmit (2016) and Schmit, Severson, Strzok, and 
Barros (2018).4 

Primary Data Collection 
When conducting an economic impact or contribu-
tion analysis in IMPLAN, it is important to con-
sider when the existing industry parameters that 
represent its spending activities are sufficient for 
analysis and when those parameters should be up-
dated through supplemental data collection. Pro-
duction functions in IMPLAN––i.e., the spending 
on intermediate inputs and outlays to value added 
per dollar of output––represent national industry 
averages. Accordingly, these averages more closely 
reflect firms that contribute a relatively large pro-
portion of total output to a sector (i.e., typically 
large firms). For example, a large fruit farm in 
Washington would have an identical production 
function as a small fruit farm in NYS. Given differ-
ences in climate, soils, crop varieties, and produc-
tion practices, this is a difficult assumption to 
defend. 
 In addition, industries of interest may not be 
reported explicitly in existing secondary sources. 
They may, instead, be included within larger indus-
try aggregates. Specific to our example, apple farm-
ing is included within the Fruit Farming industry 
(industry 4) in IMPLAN. For NYS, other fruit 
farming primarily consists of grapes, but also some 
cherry and stone fruit production. The question of 
adequacy becomes even more acute in this case; 
i.e., is the national average production function for 
all fruit farming adequate for application to apple 
farming in NYS? Likely not.  
 To account for these problematic issues, we 

                                                            
4 Instructions for doing a multi-industry contribution analysis within IMPLAN are available at 
https://implanhelp.zendesk.com/hc/en-us/articles/115009542247-Multi-Industry-Contribution-Analysis-In-IMPLAN-Pro 
5 Copies of the surveys and more detail on the apple industry in NYS are available in Schmit et al. (2018).  

developed a financial survey for NYS apple pro-
ducers and intermediaries (i.e., storage and distribu-
tion firms and apple processors) to collect localized 
data.5 Collecting detailed financial data from firms 
is time-consuming and difficult, particularly when it 
is not done in a face-to-face format to address hesi-
tations and when it asks for data not normally col-
lected and/or recorded by firms (e.g., input pur-
chases delineated by location). Accounting for 
input expenditures within IMPLAN also varies 
based on whether those purchases are from manu-
facturers, wholesalers, or retailers, therefore requir-
ing a more complex financial survey. While we 
were able to adapt surveys from prior work, tailor-
ing the surveys to match the industries of interest 
and mapping financial business categories to 
IMPLAN categories takes considerable time. 
Several weeks were required to develop the 
surveys, program them in online (Qualtrics) and 
written formats, and vet them with industry 
partners.  
 We worked with the NYAA to administer the 
surveys and reach out directly to firms through 
emails, web postings, social media, and in-person 
requests. Because survey respondents are busy, 
communicating any incentive for them to partici-
pate is critical. Notably, the farms and intermediar-
ies in our case example contribute financially to 
NYAA through the state’s apple marketing orders. 
Because the NYAA was planning to use the results 
for public and private marketing efforts, we 
thought this was a sufficient incentive to partici-
pate. It wasn’t. Timing is also important. In hind-
sight, ours was poor; late summer to early fall was a 
busy time due to harvest preparation.  
 Several reminders were sent out and the survey 
deadline was extended, but with little result. Ulti-
mately, our efforts were unsuccessful. Only 25 of 
the roughly 600 commercial apple growers in the 
state responded to the survey. Less than one-half 
of those reported sales data, one-fifth reported 
input purchases, and one-sixth reported local pur-
chase percentages. Ultimately, only four surveys 
were of use for our analysis, insufficient to produce 
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defensible financial profiles. By now months had 
passed. 
 We were extremely fortunate to discover addi-
tional resources. Routinely, the Lake Ontario Fruit 
Team (LOFT) collects financial data from apple 
farms they work with and summarizes it in the 
Fruit Farm Business Summary (FFBS) (LOFT, 2017). 
From this information, we created a representative 
apple farming production function for NYS. That 
said, the FFBS did not contain estimates of the 
percentage of input purchases made to firms within 
NYS. IMPLAN defines these percentages as “local 
purchase percentages” or “LPP.” In our case, 
“local” was NYS. Accordingly, we needed to apply 
the LPP estimates within IMPLAN for the NYS 
study area.6  
 Given that the focus of our example was the 
apple industry in NYS and we believed the existing 
production function for fruit farming to be insuffi-
cient, we included the production function for 
apple farming as a separate industry in our 
IMPLAN model––i.e., by extracting apple farming 
from the preexisting fruit farming sector. Doing so 
implies that all sectors purchasing fruit from farm-
ers must be edited to reflect a combination of 
apple fruit and non-apple fruit purchases. In our 
model example, 24 industries (of the 536 currently 
in IMPLAN) purchased fruit from farmers, as well 
as state and local governments and households. 
Disaggregating these purchases definitively across 
sectors would require surveying firms in all of the 
sectors that purchase fruit. This is a large task and 
one with an unnecessarily high cost to implement. 
Given that the total level of fruit purchases 
remained unchanged, changes in the allocation 
between apple fruit and non-apple fruit will have 
little effect on the overall model results. Accord-
ingly, we allocated purchases of “fruit” to “apple 
fruit” and “non-apple fruit” based on their relative 
production values in the state.7 
 Responses by intermediaries to the financial 
                                                            
6 An example here may be useful. Consider two apple farms in NYS, Farm A and Farm B. They both purchase $0.10 of fertilizer to 
grow their crop for every dollar of apples sold. However, Farm A purchases the fertilizer from local supply store in NYS, while Farm 
B purchases the fertilizer from a supply store in Pennsylvania. Farm A’s fertilizer purchases contribute to economic impacts in NYS, 
while Farm B’s does not. In the latter case, this spending is referred to as leakage, as the spending leaves the defined local region, NYS 
in our example. 
7 Detailed instructions for creating a new sector in IMPLAN are available in Schmit & Jablonski (2017). 
8 For more details, see Schmit et al. (2018). 

survey were even poorer than for apple farms: only 
five surveys were returned. Very little financial data 
was reported and nothing of value was reported to 
adjust IMPLAN’s default production function 
parameters. However, relative to apple farming, 
this was deemed less problematic. National average 
production functions were seen as sufficient as 
processors likely had similar production functions 
across geographic areas; further, the distribution of 
processors by size in NYS was similar to peer pro-
cessing states. Since no apple-specific processing 
sectors are available within IMPLAN, we selected a 
set of fruit and vegetable processing sectors where 
apple-based products are prevalent.8 

Defining Direct Effects  
In addition to evaluating the adequateness of an 
industry’s sales and spending patterns, quantifying 
the level of the direct industry activity is required in 
economic contribution analyses––i.e., the direct 
effects. Economic impact analyses are based on a 
particular expansion scenario where the direct 
effects are defined internally–– e.g., a new manu-
facturing plant with an expected volume of sales or 
workers employed. For a contribution analysis, 
existing estimates of industry activity (e.g., output, 
jobs, and labor income) are used for the direct 
effect. IMPLAN carefully sources secondary data 
from a collection of federal, state, and local sources 
to compile their industry estimates. However, 
when an industry of interest is contained within a 
larger industry aggregate, additional effort is 
required of the researcher. Other secondary data 
sources or primary data collection may be appro-
priate, depending on the nature of the industry. In 
our example, seven industry sectors were included: 
(i) agricultural support services, (ii) nursery stock, 
(iii) farming, (iv) frozen, canned, and dehydrated 
processing, (v) hard cider and wine processing, (vi) 
industry marketing, and (vii) industry public 
research and extension.  
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Results 
The results presented here represent both the inter-
mediate and final results of our apple industry 
application. Through the discussion, our ambition 
is to help practitioners understand what an eco-
nomic contribution analysis is, when it is used, and 
what it can tell you. 

Quantified Direct Effects 
The direct effects for output and employment for 
each apple industry are shown in Table 1. While 
the level of effects is of less interest in this paper, 
the table also highlights the data sources for each 
industry and where the production functions and 
LPPs are defined. To improve understanding of 
our empirical process for broader application to 
these types of studies, we summarize below the 
integration of data sources by industry and the 
IMPLAN industries to which they apply. Addi-
tional details are available in Schmit et al. (2018). 

Agricultural Support Services: Support activities 
for apple farming fall under Support Activities for 
Agriculture & Forestry industry (19) in IMPLAN. 
The direct effect is computed as a proportion of 
total industry sales in (19) based on the ratio of 
apple farming to total farming output in NYS. 

Employment follows by applying IMPLAN’s jobs 
to output ratio for (19). The production function 
for (19) and LPPs in IMPLAN were utilized. 

Nursery Stock Suppliers: Economic activity asso-
ciated with nursery stock suppliers is included in 
Greenhouse, Nursery, & Floriculture industry (6) in 
IMPLAN. The LOFT provided an estimate of one 
million trees produced per year at a value of 
US$7/tree. The production function for (6) and 
LPPs in IMPLAN were utilized. 

Apple farming: The USDA’s value of production 
for apple farming in NYS was used as the measure 
of output (USDA National Agricultural Statistics 
Service [USDA NASS], 2017). Employee compen-
sation from FFBS (LOFT, 2017) was combined 
with IMPLAN’s compensation per worker for the 
fruit farming industry (4) to estimate total jobs. 
IMPLAN’s LPPs were utilized for the industry’s 
input purchases. 

Frozen, Canned, & Dehydrated Processing: 
Most NYS processed apple products (e.g., frozen 
concentrate, juices, jellies, slices) fall under 
IMPLAN’s Fruit & Vegetable Frozen, Canned, & 
Dehydrated Products Manufacturing industries (79, 81, 

Table 1. Level of Direct Effects and Sources of Data, New York Apple Industry, 2016 Dollars 

Industry (Relevant IMPLAN Industry Code) 

Direct 
Employment 

(jobs)

Direct 
Output 

(US$ million)

Sources for: 

Direct Effect
Production 
Function 

Local Purchase 
Percentages

Apple agricultural support services (19) 265 11.9 IMPLAN IMPLAN IMPLAN

Apple nursery stock (6) 81 7.1 LOFT IMPLAN IMPLAN

Apple farming (7) 5,605 317.0 USDA LOFT IMPLAN

Apple processing: frozen, canned, & 
dehydrated (79, 81, & 83) 

1,635 838.8 
IMPLAN
USDA

IMPLAN IMPLAN 

Apple processing: apple wine & hard cider 
(109) 

425 129.8 
NCGA
USDT

IMPLAN IMPLAN 

Apple industry marketing (457) 6 3.1 NYAA IMPLAN IMPLAN

Apple public research & extension (456) 16 2.2 
CU

CCE
IMPLAN IMPLAN 

Total 8,033 1,309.9  

Source: Schmit, et al (2018). LOFT = Lake Ontario Fruit Team, Cornell Cooperative Extension, USDA = United States Department of 
Agriculture, NCGA = Nielsen Commercial Grocers Association (Brager and Crompton, 2017), USDT = United States Department of the 
Treasury, Alcohol and Tobacco Tax and Trade Bureau, NYAA = New York Apple Association, CU = Cornell University, Office of Sponsored 
Programs, CCE = Cornell Cooperative Extension. 
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and 83, respectively). 9 We estimated output and 
employment as 45% of the totals contained in 
these industries (Schmit et al., 2018). IMPLAN 
production functions and LPPs were utilized. 

Hard Cider and Apple Wine Processing: Hard 
(alcoholic) cider, applejack, and apple wines fall 
under Wineries industry (109) in IMPLAN. Retail 
cider prices from Nielsen CGA (Brager & 
Crompton, 2017) were used in concert with Alco-
hol and Tobacco Tax and Trade Bureau cider vol-
ume data to estimate the value of total output 
(USDT, 2018). The production function for (109) 
and LPPs in IMPLAN were utilized. 

Industry Marketing: Industry marketing is con-
ducted by the NYAA. They provided income, 
expense, and employment data to us; however, the 
expense categories were too aggregated and thus 
could not be mapped to IMPLAN and LPPs. Their 
activity falls under Advertising, Public Relations & 

                                                            
9 For detailed information on commodities produced within IMPLAN industries, see https://implanhelp.zendesk.com/hc/en-
us/articles/115009674428-IMPLAN-Sectoring-NAICS-Correspondences  

Related Services industry (457) in IMPLAN. The pro-
duction function for (457) and LPPs in IMPLAN 
were utilized. 

Industry Public Research & Extension: Cornell 
University’s Office for Sponsored Programs (OSP) 
provided data on outside grants awarded over the 
previous five years related to apple industry 
research. Average annual funding was computed. 
In addition, CCE provided data on expenditures 
and employment for apple industry extension 
efforts. Both activities fall within the Scientific 
Research & Development Services industry (456) in 
IMPLAN. The production function for (456) and 
LPPs in IMPLAN were utilized. 

Comparing Production Functions 
Our NYS apple farming production function was 
constructed to include 24 input purchase and four 
value added categories. For ease of exposition, we 
provide a summary of those results in Table 2 and 

Table 2. Apple Farming Production Function in New York State Compared to Fruit Farming Production 
Function in IMPLAN 

 
Industry/Value Added Aggregate

Fruit Farming 
(IMPLAN)a Apple Farming (NYS)a Differencea 

Percent 
Difference

Ag & ag support services 0.0552 0.0353 –0.0199 –36%

Utilities 0.0037 0.0054 0.0017 47%

Construction 0.0032 0.0131 0.0099 310%

Manufacturing 0.0256 0.1094 0.0838 327%

Wholesale trade 0.0042 0.0790 0.0748 1776%

Retail trade 0.0001 0.0042 0.0042 5200%

Transportation & warehousing 0.0020 0.0240 0.0220 1123%

Information 0.0003 0.0027 0.0024 841%

Finance & insurance 0.0063 0.0282 0.0219 347%

Real estate & rental 0.0026 0.0309 0.0284 1103%

Professional services (non-ag) 0.0022 0.0641 0.0619 2833%

  Total intermediate inputs 0.10524 0.3962 0.2909 276%
Employee compensation 0.2975 0.3266 0.0292 10%

Proprietor Income 0.2616 0.1806 –0.0810 –31%

Other property type income 0.3216 0.0876 –0.2340 –73%

Taxes on production & imports 0.0141 0.0090 –0.0051 –36%

  Total value added 0.8948 0.6038 –0.2909 –33%

Sources: IMPLAN (2016) and author calculations. 
a Dollars of expenditure or outlay per dollar of output.
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compare them to the default estimates provided in 
IMPLAN for fruit farming (4).10 The parameters in 
the first three columns represent expenditures per 
dollar of output, while the final two columns repre-
sent the absolute and percentage differences for 
the apple farming estimates, respectively, relative to 
those within IMPLAN. 
 Looking first at the allocations between total 
intermediate inputs and total value added, it is clear 
that there are considerable differences between 
production functions. In fruit farming, around 10% 
of every dollar of output goes to purchase interme-
diate inputs, while 90% goes to one of four catego-
ries of value added. The comparable numbers for 
the apple farming industry we constructed are 40% 
and 60%, respectively. The absolute level of these 
aggregated category differences alone is strong sup-
port that the default production function in 
IMPLAN was inadequate for our analysis.  
 More intermediate inputs are required for 
apple farming in NYS. In terms of expenditures 
per dollar of output, this is particularly true for 
purchases from manufacturers (+0.084), wholesal-
ers (+0.075), and non-ag (e.g., accounting, legal) 

                                                            
10 The fully detailed production function is found in Schmit et al. (2018), page 56. 

professional services (+0.062). However, apple 
farms in NYS purchased less ag support services 
and products from other farmers (-0.020). The 
degree to which such differences affect the contri-
bution results will depend on how different the 
supply industries are and the degree to which those 
industries are local. 
 Outlays per dollar of output for proprietor 
income (PI) and other property type income 
(OPTI, largely corporate profits) are much lower 
for the NYS apple farming industry estimates rela-
tive to IMPLAN’s fruit farming industry estimates 
(i.e., –31% and –73%, respectively). While a lower 
outlay to PI will reduce economic contributions, 
since it is a component of labor income, a lower 
outlay to OPTI will not since it does not contribute 
to economic impact (e.g., we do not know if cor-
porate profits are distributed locally). Because the 
reduction in proprietor income (-0.0810) is more 
than the increase in employee compensation 
(+0.0292), the contribution result from these two 
categories will be less than that in the default case. 
 To understand the overall difference in results 
by using localized data, we conducted single indus-

try contribution analyses for 
apple farming using the default 
fruit farming production func-
tion in IMPLAN and the apple 
farming production function we 
constructed. Since IMPLAN’s 
LPPs for inputs were used in 
each case, the only differences 
arising from the LPPs will come 
from the degree to which differ-
ent supplying industries have 
different LPPs. We start with the 
same direct output effect in each 
case, US$317 million. The 
results are shown in Table 3. 
The change in total output was 
over 21% higher when using the 
production function we con-
structed (i.e., US$574.0 versus 
US$472.7 million). This was 
largely a consequence of the 
higher level of intermediate 

Table 3. Economic Contributions for Apple Farming with Author-
Constructed Production Function and IMPLAN’s Fruit Farming 
Production Function 

Impact Type 
Employment 

(Jobs) 
Labor Income
(US$ Million)

Output
(US$ Million)

NYS Apple Farming Production Function (Primary)

Direct Effect 5,605 164.7 317.0

Indirect Effect 525 40.6 116.0

Induced Effect 886 52.1 141.0

Total Effect 7,016 257.4 574.0

IMPLAN Fruit Farming Production Function (Default)

Direct Effect 6,388 181.6 317.0

Indirect Effect 244 9.9 23.3

Induced Effect 832 49.0 132.4

Total Effect 7,464 240.5 472.7

Percentage Change with Primary Data
Total Effect –6.01 +7.09 +21.41

Sources: IMPLAN (2016), Author calculations. 
Note: Both models defined by the same direct effect for output (US$317.0 million).
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input purchases. This is reflected explicitly in the 
difference in the levels of indirect effects (i.e., 
US$116.0 versus US$23.3 million).  
 The overall change in labor income was also 
positive, around 7% (i.e., US$257.4 versus 
US$240.5 million). This change was much lower 
than output since the initial direct effect in apple 
farming was lower to begin with (i.e., US$164.7 
versus US$181.6 million). Recall, the combined 
change in employee compensation and proprietor 
income from Table 2 is negative. The overall gain 
is again due to the higher level of indirect effects 

for apple farming (i.e., US$40.6 versus US$9.9 mil-
lion). The negative effect on total jobs is due solely 
to the lower number of initial direct jobs for our 
constructed industry––i.e., the indirect and induced 
effects on jobs are higher for apple farming.  

Multi-Industry Economic Contribution 
Table 4 presents the results of the multi-industry 
analysis. We include results for both the individual 
industries and the total across all industries. Indi-
vidual industry contributions allow for a detailed 
accounting of their specific indirect and induced 

Table 4. Economic Contribution of the Apple Industry in New York, by Sector, 2016 

Category and Sector 
Direct
Effecta

Indirect
Effectb

Induced
Effectc

Total 
Effect 

Contribution
Multiplierd

Output (US$ million)
Agricultural support services 11.9 1.6 5.7 19.2 1.62

Nursery stock suppliers 7.1 0.6 2.9 10.6 1.49

Farming 317.0 116.0 141.0 574.0 1.81

Processing (frozen canned, dehydrated) 838.8 318.5 149.8 1,307.1 1.56

Processing (hard cider, apple wine) 129.8 52.9 36.2 218.9 1.69

Industry marketing 3.1 0.8 1.2 5.2 1.65

Industry public research & extension 2.2 1.1 0.3 3.6 1.65

Total 1,309.9 441.3 314.3 2,065.5 1.58

Employment 
Agricultural support services 265 7 36 308 1.16

Nursery stock suppliers 81 5 18 104 1.28

Farming 5,605 525 886 7,016 1.25

Processing (frozen canned, dehydrated) 1,635 1,441 940 4,016 2.46

Processing (hard cider, apple wine) 425 252 228 905 2.13

Industry marketing 6 5 8 19 3.19

Industry public research & extension 16 6 2 24 1.49

Total 8,033 1,849 1,989 11,872 1.48

Labor Income (US$ million) 
Agricultural support services 7.7 0.5 2.1 10.4 1.34

Nursery stock suppliers 4.0 0.2 1.1 5.3 1.33

Farming 164.7 40.6 52.1 257.5 1.56

Processing (frozen canned, dehydrated) 106.9 113.8 55.4 276.0 2.58

Processing (hard cider, apple wine) 31.5 21.1 13.4 66.0 2.10

Industry marketing 1.5 0.3 0.5 2.3 1.52

Industry public research & extension 0.8 0.5 0.1 1.4 1.71

Total 317.2 154.8 115.9 587.9 1.85

Source: Schmit et al. (2018) 
a Direct effects represent total activity (sales, employment, labor income, value added) by the respective industry.  
b Indirect effects represent all activity by the backward-linked supply chain industries.  
c Induced effects represent additional industry activity due to consumption out of labor income.  
d The contribution multiplier is calculated as the total effect divided by the direct effect.
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effects. They also reflect industry linkages with 
both non-apple industries and other apple indus-
tries. Separate contribution analyses in IMPLAN 
must be conducted for each industry category. 
 Total economic contributions (i.e., the direct, 
indirect, and induced effects) of the entire apple 
industry in NYS are US$2.1 billion in output, 
US$587.9 million in labor income, and 11,872 jobs. 
Computing contribution multipliers as the total 
effect divided by the direct effect, we find that for 
every dollar of output, dollar of labor income, and 
job in the apple industry in NYS, US$0.58 of out-
put, US$0.48 of labor income, and 0.85 jobs are 
supported in non-apple industries in NYS.  
 Important to the interpretation in Table 4, the 
direct effects across industry sectors are additive 
(i.e., the seven individual values sum up to the 
total), but the indirect and induced effects across 
industry sectors are not. For example, when look-
ing at the frozen, canned, and dehydrated pro-
cessing sector output contributions, a portion of 
the US$318.5 million in indirect effects is the value 
of apple sales from farming through processor pur-
chases of local apples. In other words, a portion of 
the indirect effects for processing is already in-
cluded in the direct effects for farming. Summing 
the individual industry indirect and induced im-
pacts would result in double counting. Indeed, part 
of the multiplier effects for each individual industry 
includes any other apple industries backward linked 
to them. The contribution multipliers for the 
aggregate industry, however, reflect only non-apple 
industry backward linkages.  

Exploring Backward Linkages 
In addition to understanding the total economic 
contributions of industries, it is useful to examine 
what industries contribute most heavily to those 
totals via backward industry linkages. Depending 
on the objectives of the research, examining the 
distribution of linkages for each industry, as well as 
for the aggregate, may be important. For ease of 
exposition, we focus our discussion on the aggre-
gate industry results from our application.  
 Figure 1 displays the distribution of the total 
indirect and induced output effects from Table 4 
(i.e., US$441.3 and US$314.3 million) generated by 
the apple industry’s combined direct output effect 

(US$1,309.9 million). In other words, the sum of 
the height of each bar in Figure 1 will equal the 
total indirect and induced effects shown in Table 4 
for the aggregate apple industry. For ease of expo-
sition, the industries are aggregated to the 2-digit 
NAICS level. The figures present a visual form of 
how the indirect and induced effects accumulate 
and to which industries they accrue.  
 The indirect effects are shown in black, and 
the induced effects are shown in gray. Considering 
the indirect effects more closely is useful in under-
standing the business-to-business linkages originat-
ing from an industry’s direct activities. In defer-
ence, industry activity incurred by spending out of 
labor income (i.e., the induced effect) is invariant 
to the industry of origin. Accordingly, the interpre-
tation and discussion highlight the indirect industry 
effects. 
 In our example, wholesale trade has the 
strongest backward linkages for the apple indus-
try—i.e., it has the highest bar in Figure 1. This 
makes intuitive sense as many input purchases by 
farms, processors, and other apple sectors are from 
local wholesale distributors, rather than from retail 
establishments. Not surprisingly, most of the 
impact to wholesale trade is derived from indirect 
effects––i.e., the black portion of the bar is larger 
than the gray portion of the bar. Manufacturing 
firms have the next highest level of linkages, almost 
entirely from local business-to-business (indirect) 
linkages.  
 As indicated by the first bar in Figure 1, apple 
industry firms purchase a relatively small volume of 
inputs from other (non-apple) farm production 
sectors. Their inputs are primarily non-apple fruits 
and vegetable purchases from farms and manufac-
turers for processing and/or resale. Other business 
support sectors, such as transportation and ware-
housing, finance and insurance, and contracted 
professional services make up the bulk of the 
remaining indirect effects.  
 The largest induced effects follow intuitively 
from major household budget allocations––i.e., 
insurance, real estate, healthcare, dining, and vari-
ous retail purchases. Distributions of backward 
linkages by industry can be similarly constructed 
for employment and labor income if desired. While 
the general takeaways will be similar, the variation 
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across industries will vary due to differences in 
labor use by industry and/or employee compensa-
tion. 

Discussion and Conclusions 
Improving the understanding of intra- and inter-
industry linkages within local economies is neces-
sary for community educators, industry leaders, 
and public officials to make informed choices 
regarding agriculture-based economic development 
priorities and the projected impacts on economic 
growth and community goals. More recently, the 
focus has shifted to how improvements in or 
expansions of local and regional food systems can 
generate these desired impacts. A careful consider-
ation of the methodologies to employ and data to 
collect are necessary to produce meaningful and 
defendable results. 
 In this paper, we highlight the application of 

best practices from Thilmany et al. (2017) to 
address agricultural industry interest in describing 
the nature of their economic contributions to local 
economies. In particular, we apply a multi-industry 
economic contribution analysis to the apple indus-
try in NYS. We identify seven key individual indus-
tries within the broader apple industry collective 
and describe the process from inception to applica-
tion to interpretation. As these types of analyses 
are popular, among industry and public agencies 
alike, promoting a replicable framework will im-
prove the compatibility and comparison of analyses 
across industries, geographies, and time.  
 Our multi-industry application identified con-
ditions where primary, localized data collection was 
needed relative to reliance on industry average 
parameters. With our specific application to the 
apple farming industry in NYS, we were able to 
document that relying on more aggregate industry 

Figure 1. Indirect and Induced Output Effects by Industry for New York State Apple Industry from the 
US$1,309.9 Million Direct Effect 



Journal of Agriculture, Food Systems, and Community Development 
ISSN: 2152-0801 online 
https://www.foodsystemsjournal.org 

Volume 8, Supplement 3 / January 2019 49 

relationships from secondary data sources biased 
downward total economic contributions (i.e., 
direct, indirect, and induced) for output and labor 
income, but biased upward total jobs. In all cases, 
however, reliance on pre-existing secondary esti-
mates in our application biased downward the level 
of indirect and induced effects.  
 One cannot predict a priori whether future 
impact or contribution results will be higher or 
lower when collecting and utilizing primary data, 
but that’s not the point. The point is that the 
results will be more accurate and defensible. In 
addition, constructing localized industry produc-
tion functions provides specific information 
regarding the nature of the backward linkages and 
indirect industry effects, even before the IO model 
is constructed. That said, data collection comes 
with a cost and the efforts to plan and budget (in 
time and dollars) for such activities cannot be 
understated. When budgets are slim and/or time is 
tight, primary data collection may be infeasible, 
requiring the analysis to be done with existing 
resources and data. Depending on the objectives of 
a given study, using pre-existing resources may be 
sufficient. In any case, clearly documenting the 
inputs, assumptions, and analytical processes is key 
to a comprehensive analysis and to understanding 
the limitations of the results. 

 Often in multi-industry contribution analyses, 
outputs from some industries represent inputs to 
others. Practitioners need to adequately understand 
where supply chain linkages occur and how to 
account for them to avoid double counting. In this 
paper, we highlighted existing resources available 
to assist practitioners in these efforts and explained 
the processes advocated in them with our applica-
tion to the apple industry. In doing so, the actual 
empirical results we present are less important than 
the process we used to get to them.  
 Multipliers, while useful, are often relied on 
too heavily in decision making and without an 
understanding of their construction, interpretation, 
and context. Our empirical application describes 
the construction of our contribution estimates and 
the multipliers accruing to them. In particular, we 
highlight the individual industry contributions that 
lead to a composite multiplier result. In doing so, 
particularly through the indirect effects, practition-
ers can better understand local supplying industries 
that are most important to the industry of inquiry 
and, therefore, most influenced by related industry 
expansions or contractions. Such an approach pro-
vides a useful way to describe economic contribu-
tion results and the composition of multiplier 
effects to a range of audiences.  
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