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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Richard Hauer Urban and community forestry is an increasingly integral component enhancing the well-being of urban places.
Along with providing aesthetic benefits and other critical ecosystem services, urban forestry contributes to local
and regional economies by supporting jobs and economic activities through various businesses and industries. In
this study, we estimated the economic contribution of urban forestry to the regional economy in terms of several
economic and business metrics including jobs, labor income, value-added, and tax collections. To this end, we
developed an extensive scope of urban forest industries and activities incorporating all private, public, and non-
profit businesses and organizations involved in urban forestry in the Northeastern and Midwest states. Results
from the input-output modeling suggest that in 2018, urban forestry in the Northeastern and Midwest states
directly contributed $17.6 billion in industry output and $13.5 billion in value-added by supporting about
258,550 full- and part-time jobs in various businesses and activities. Including direct, indirect, and induced
effects, urban forestry in the region had a total contribution of $34.7 billion in industry output to the regional
economy, employing more than 357,200 people with a payroll of about $16 billion. These numbers are crucial to
highlight the economic significance of urban forestry businesses and agencies as well as to educate the public,
economic development professionals, and legislators about the importance of urban and community forestry in
the Northeastern and Midwest states.
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1. Introduction

Urban forests are an integral component of cities, towns, and com-
munities because they provide critical ecosystem services to continu-
ously increasing urban populations in the United States. Urban forestry
involves various tree management and maintenance activities in over
141 million acres of urban landscape in the United States (USDA Forest
Service, 2021a). In addition to private commercial arboriculture and
other businesses, municipal and county governments, non-profit orga-
nizations, and utility sectors are also key providers of urban forestry
related activities contributing substantially to local and state economies.

* Corresponding author.

For the purposes of this research, we define urban forestry as the
establishment, conservation, protection, and maintenance of trees in
cities, suburbs, and other developed areas. We refer to all sectors
involved in urban tree management as the urban forestry sector,
including activities that contribute to urban forestry such as landscape
management, landscape architecture, nurseries and tree distributors,
and equipment dealers.

Over the past several decades, there has been increased interest in
maintaining and improving trees and forest resources in urban and
surrounding areas. In 1990, lawmakers amended the Cooperative
Forestry Assistance Act to expand authorities of the USDA Forest
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Service’s Urban and Community Forestry Program (USDA Forest Ser-
vice, 2021b). Since then, urban forestry has evolved into a complex field
composed of diverse stakeholders, businesses, and communities. How-
ever, lack of a standard accounting framework for estimating the scale
and economic and social benefits of urban forestry efforts has hindered
the successful planning and further expansion of urban and community
forestry programs across the nation (National Urban and Community
Forestry Advisory Council, 2015). Major obstacles in managing urban
forestry programs are in part due to the different terminology or lack of
consistent definitions, which create challenges for estimating the size,
contributions, and impact of the industries that support and manage
urban forests and related activities.

Economic contribution analysis of the urban forestry industry helps
communicate to policy makers the industry’s monetary benefits in terms
of dollar values and jobs. Since 1978, Impact Analysis for Planning
(IMPLAN) has been used to model economic impacts of resource outputs
on local communities. The software program is commonly used to
quantify indirect effects and induced effects based on an input-output
modeling of a production function. Although originally developed by
the U.S. government to understand economic contributions of the forest
products industry, IMPLAN is currently a fee-based private enterprise
(IMPLAN, 2021). Over the last twenty years, economic contributions
analyses have tended to differ in scope, data used, input-output meth-
odology, and measures reported. Further, while state-level and regional
economic contribution analyses covering forest products industry are
common (Henderson et al., 2017; Joshi et al., 2017; Parajuli et al., 2018;
Pelkki and Sherman, 2020), limited studies have focused on the urban
forestry context. This gap is partly explained by the historical economic
and cultural importance of the forest product industry, but also by the
complexity of the urban forest sector which is not easily segregated from
broader green industry contributors in urban places.

While numerous studies estimated economic contributions of the
green industry within distinct regions across the United States, only a
few studies have specifically examined the urban forestry economic
contributions by separating the urban forestry portion from broader
green industry sectors (Table 1). Most of the private green industry
sectors are well defined by IMPLAN and the North American Industry
Classification System (NAICS), so it is relatively easy to conduct eco-
nomic contribution analysis of the overall green industry. Hall et al.
(2006) first estimated the national-level economic impacts of the green
industry in the United States using the IMPLAN data in 2002, and
continued updating this analysis periodically (Hall and Dickson, 2011;
Hodges et al., 2015; Hall et al., 2020). Hall et al. (2020) estimated that in
2018, the green industry in the United States had a total economic
contribution of $348 billion in industry output, which supported over
2.3 billion jobs within the broader national economy. Palma and Hall
(2015) and Gale (2021) also estimated the economic contributions of the
green industry to the Texas and Utah economies, respectively.

Templeton and Goldman (1996) were the first to estimate economic
impacts of urban forestry activities in California, which was later
updated with new datasets and methodology in Templeton et al. (2011).
Based on the extensive data collected from primary and secondary
sources to account for involvements of households, commercial busi-
nesses, and utilities, Templeton et al. (2011) estimated that in 2009,
urban forestry in California contributed over $3.5 billion economic
output by supporting about 58,770 full- and part-time jobs (Table 1).
Similarly, other studies in economic contributions of urban forestry in
the state economy include Hodges and Court (2019) in Florida, Tian and
Stottlemyer (2019) in Texas, and Georgia Forestry Commission (Georgia
Tech, 2021) in Georgia (Table 1). Of note, these studies are widely
varied in terms of defining the scope of urban forest industries, data
sources, and the analysis methodology of input-output analysis. Further,
except Templeton and Goldman (1996), all other studies are non-peer
reviewed reports.

The limited and inconsistent efforts in economic contribution anal-
ysis of urban forestry are due primarily to two reasons: (a) there are
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Table 1
Previous studies on economic impact and contribution analysis of urban forestry
in various states in the U.S. This is not an exhaustive list.

Region Year(s) Title Author(s) Results
California 1990s  Estimating Templeton and 57,200 jobs
Economic Goldman (1996) $3.384 billion in output

Activity and
Impacts of Urban
Forestry in
California with
Multiple Data
Sources form the
Early 1990s
Impacts of Urban Templeton et al. 58,769 jobs

Forestry on (2011) $3.53 billion in output
California’s $3.26 billion in wages
Economy in

2009

Economic Hodges and
Contributions of Court (2019)
Urban Forestry
in Florida in
2017
Economic
Impact of Urban  Stottlemyer

$1.86 billion in wages

California 2009

Florida 2017 80,808 total job
$8.4 billion in output

$3.4 billion in wages

Texas 2017 Tian and 43,430 job

$2.5 billion in output

Forests in Texas  (2019) $1.3 billion in wages
Georgia 2019 2019 Economic ~ Georgia Tech 48,244 jobs
Benefits of the (2021) $4.8 billion in output

Forest Industry
in Georgia

$2.03 billion in wages

currently no established IMPLAN or NAICS sectors that correspond
specifically to urban forestry and (b) there is no standard framework of
the urban forestry sector so that it can be segregated easily from broader
green industries. Since IMPLAN does not have a defined industry sector
specific to urban forestry, the economic activity of urban forestry can be
represented by parts into multiple industries within the broader IMPLAN
green industry sectors. IMPLAN integrates urban forestry related private
businesses into the broader green industries, and public sector
involvement is not well distinguished in the industry classification sys-
tem. Hence, the previous studies in urban forestry economic analysis
either overlooked the public sector involvement (e.g., Georgia Tech,
2021) or relied on dated secondary information to estimate private
sectors’ contributions (Tian and Stottlemyer, 2019). Further, Templeton
et al. (2011) incorporated both private and public sectors in their
analysis, but their methodological framework is almost impossible to
replicate in other states as they utilized data sources only found in
California.

In contrast, Hodges and Court (2019)’s methodological approach in
identifying the scope of urban forest industries in Florida, as well as the
input-output analysis, are replicable, relatively inclusive, and
up-to-date. By surveying the related private businesses, Hodges and
Court (2019) separated the urban forestry portion from the green in-
dustry, and utilized a national survey of municipal tree care and man-
agement (Hauer and Peterson, 2016) to estimate the public sector
involvement in urban forestry in Florida. However, their approach still
excluded various segments of urban and community forestry including
proprietary jobs in urban forestry specifically in landscaping and tree
care services, other public agencies except city governments, non-profit
organizations, and higher education institutions. Their IMPLAN analysis
approach is also not clear as to whether they accounted for margin
analysis for wholesalers and retailers, and the public sector’s economic
contribution using the analysis-by-parts method.

The main purpose of this study was to estimate the economic
contribution of urban forestry in the Northeastern and Midwest states of
the United States. First, we developed a definition of urban forestry that
characterized the scope of the sectors in this region. We incorporated all
private, public, and non-profit businesses and organizations related to
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urban forestry in the region. We then compiled the employment profile
of all the related industries and agencies through online surveys and
public sources. We used the IMPLAN software to estimate the economic
contribution of urban forestry to the regional economy in terms of
several economic and business metrics including jobs, labor income,
value added, and tax collections. Building on Hodges and Court (2019)’s
methodological approach, we developed an extensive scope of urban
forestry sectors and industries by incorporating the involvements of
private, public, higher education institutions, private utility companies,
and non-profit organizations.

Further, we employed a standard method of economic contribution
analysis (Parajuli et al., 2018) along with the margins analysis for
wholesalers and retailers in the private sector, and the analysis-by-parts
approach for public sectors’ contribution analyses. We have explained
all the methodological steps with well-defined data sources. Our meth-
odology can be applied in similar economic contribution analyses of
urban and community forestry industries, regardless of the size and
scope of the study area. These estimated regional economic contribution
numbers are crucial to highlight the economic significance of the urban
forestry businesses and agencies as well as to educate the general public,
economic development professionals, and legislatures about the
importance of urban and community forestry in the local and regional
economies. Moreover, this study serves as a baseline for future studies to
track trends in the performance of urban forestry in terms of economic
contributions in line with the anticipated future economic patterns and
compares to the economic contribution of green industries for the
region.

2. Methods and materials

2.1. Scope of urban forestry industries and activities in Northeastern and
Midwest States

The first crucial step of economic contribution analysis was to
delineate the scope of urban forest industries and activities in the study
region. The study region covers 20 Northeastern and Midwest states and
Washington D.C. (Fig. 1). This region aligns with the US Forest Service’s
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Region 9, and these states work together for the multi-state US Forest
Service funding via Landscape Scale Restoration grants. Additionally,
these 20 states and Washington D.C. comprise the Northeast-Midwest
State Foresters Alliance. Based on extensive review of available litera-
ture and close examination of the structure of green industries, we
developed a list of private industries as well as public agencies and non-
profit organizations involved in urban forestry (Table 2). The developed
scope of urban forestry industries and activities was discussed with state
agency urban forestry employees from each participating state and other
stakeholders followed by a survey of the same members to provide their
quantitative input. These activities resulted in the following final list of
urban forestry related industries and activities in both private and public
sectors.

2.2. Surveys

Once the scope of urban forestry related industries and activities in
the study region was finalized, we employed regional online surveys to

Table 2
Scope of urban forestry related industries and activities in Northeastern and
Midwest states.

Various sectoral groups

1. Private industries

- Nursery and tree production (NAICS 111421)

- Farm and garden machinery and equipment merchant wholesalers (NAICS 423820)
- Nursery stock and florists’ supplies merchant wholesalers (NAICS 424930)
- Nursery, garden, and farm supply stores (NAICS 444220)

- Landscape architectural services (NAICS 541320)

- Landscaping services (NAICS 561730)

2. Private (investor-owned) utility companies

3. Public sectors

- Cities

- Counties

- State agencies involved in urban forestry

4. Higher education institutions

5. Non-profit organizations

N

A

Data Source: ESRI

USA States

1,000 Miles

1

Fig. 1. Map depicting the 20 states and Washington D.C. from the Northeastern and Midwest region included in the study.
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Table 3
Survey samples and responses.
Group Surveyed  Contacted  Opted Non- Survey Adjusted
out contact  Responses, response
including rate
partial
completes
Private 21,922 636 20,719 630 3.0%
Businesses
Public (County 2,157 38 1,711 408 19.3%
& Municipal
Government)
agencies
State Agencies 21 - - 21 100%
Higher 252 3 183 66 26.5%
Education
Institutions
Investor-Owned 172 4 158 10 6%
utility
company
Non-Profit 335 3 250 82 24.7%
Organizations

separate contributions specific to urban forestry industries from the
broader green industries and to quantify contributions of the urban
forestry activities in public and non-profit agencies. The survey in-
struments were primarily focused to estimate the number of employees
in all private companies and public agencies involved in urban forestry
businesses and activities in 2018. The survey instruments were approved
with exemption by North Carolina State University Institutional Review
Board. As a part of this broader project, the University of Wisconsin
Survey Center (UWSC) was separately contracted by the Wisconsin
Department of Natural Resources to administer these surveys in the 20
states and Washington D.C. The UWSC employed regional online
Qualtrics surveys with an emailed recruitment invitation. Email contacts
of private businesses involved in the green industry were purchased
from Exact Data, which compiles the contact information of businesses
by their NAICS codes. We worked with state agency urban forestry
employees to collect emails associated with public agencies and other
groups in all study states. Dillman et al. (2014)’s approach was applied
in survey administration: the initial email invitation with a Qualtrics
link was followed by three email reminders with no incentives. Table 3
provides a breakdown of sample sizes and responses received based on
each group surveyed.

2.3. Employment in urban forestry

Using the data obtained from primary surveys, we developed a
complete profile of employment statistics associated with urban forestry
businesses and activities for each group, which was a key input in
IMPLAN modeling. For the private industries, we obtained 2018
employment numbers in each NAICS category from the Quarterly
Census of Employment and Wages (QCEW), US Bureau of Labor Statis-
tics (US BLS, 2021). Since QCEW does not incorporate self-employed

Table 4
Urban forestry jobs in the private sector.
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jobs and the businesses with their social insurance programs (IMPLAN
Data Team, 2021), we utilized the 2017 IMPLAN data to compute pro-
prietary jobs specifically in landscaping services (NAICS 561,730) and
nursery and tree production businesses (NAICS 111421). IMPLAN aug-
ments proprietary jobs to the QCEW employment statistics using the
Regional Economic Accounts (REA) data from the Bureau of Economic
Analysis (IMPLAN Data Team, 2021). We estimated the proportions of
self-employed jobs to the QCEW reported statistics for the IMPLAN in-
dustries 6, 449, and 469 in 2017, and used those proportions to estimate
total jobs in their respective industries in 2018 (Table 4). Next, we used
the average percentage of jobs involved in urban forestry obtained from
our survey of the private sector to estimate the total number of urban
forestry jobs in each private green industry business in the study region.
The estimated average urban forestry portions in the green industry jobs
are comparable to Hodges and Court (2019)’s similar survey in Florida.
We estimated that there were 237,455 jobs in urban forestry in 2018,
directly supported by private businesses involved in green industries
(Table 4).

Since investor-owned private utility companies are also involved in
tree line clearing and vegetation management in urban and suburban
regions, we included their involvement in urban forestry in the study
region. Our regional survey did not produce meaningful statistics from
these surveyed investor-owned utility (IOU) companies, as we were able
to collect only four usable responses from IOUs. For this information, we
relied on a recent study of urban forestry economic analysis at a national
scale conducted by Thompson et al. (2021). According to their survey of
I0Us participating in Tree Line USA, the average per company in-house
expenses of IOU companies in vegetation management in our study re-
gion was $2.25 million per year. We estimated the total expenditures of
I0Us in vegetation management by multiplying the number of IOUs in
the study states by the average expenditures per company. Based on the
total expenditures, we imputed the total number of urban forestry jobs
(5991) in the study region supported by IOUs in landscaping and hor-
ticultural services (IMPLAN Industry 469) by using the state-level
IMPLAN models.

We estimated total public employees involved in urban forestry
based on the population size of the jurisdiction that these agencies
served in the study region. We obtained the number of cities and
counties in all 20 states and Washington D.C. by their population sizes
from the U.S. Census Bureau, Population Division (US Census Bureau,
2020). We used the average numbers of employees in a city and county
estimated from our regional survey to estimate the total number of jobs
in urban forestry employed by city and county governments (Table 5).
For the cities with population less than 250,000, the estimated average
jobs in urban forestry per city are consistently smaller than Hodges and
Court (2019)’s estimates in Florida as well as national averages reported
by Hauer and Peterson (2016). Our job estimates for the cities with
population ranging from 250,000-1 million are larger than the numbers
reported by Hauer and Peterson (2016). Altogether we estimated that in
2018, county and city governments in these states employed 11,673
people directly working in urban forestry activities. Moreover, we also
collected the number of employees in state forestry or natural resources

Industry type (NAICS code) IMPLAN Industry,

Total jobs in 2018 Percentage jobs in urban forestry ~ Jobs in urban forestry

2017 (%)* (UF)
Nursery and tree production (111421) 6 33,850 23.33 7,897
Farm and garden machinery and equipment merchant wholesalers 399 40,569 16.00 6,491
(423820)
Nursery stock and florists’ supplies merchant wholesalers (424930) 399 14,995 28.44 4,265
Nursery, garden, and farm supply stores (444220) 395 49,264 18.97 9,345
Landscape architectural services (541320) 449 12,341 19.56 2,414
Landscaping services (561730) 469 483,970 42.78 207,042
Total 237,455

# Estimated from the private sector survey.
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agencies directly involved in urban forestry. According to the informa-
tion collected from state representatives, in 2018, state agencies
employed 263 full-time, part-time, and seasonal positions in the study
region.

Similarly, we estimated the total jobs related to urban forestry sup-
ported by higher education institutions based on their student enroll-
ment size. We first collected the total number of higher education
institutions and student enrollments from various publicly available
sources in each state. We estimated the total urban forestry jobs in
colleges and universities by multiplying the number of institutions by
the average number of jobs per institution estimated from our regional
survey of higher education institutions (Table 6). In 2018, there were
1231 direct jobs from higher education institutions involved in urban
forestry activities in the study region. Of note, these jobs include full-
time, part-time, and seasonal employees recruited by the institutions
to work on various urban forestry related activities. Besides university
faculty positions, maintenance staff such as facilities and building
maintenance personnel, arborists, and landscape and groundkeepers
fully or partially involved in urban forestry were incorporated.

We also estimated the total jobs related to urban forestry supported
by non-profit organizations (NPOs) in the study region. We estimated
from our regional survey of NPOs that on average, a NPO supports 3.76
jobs in landscaping services, 1.29 jobs in forestry consulting services,
and 0.65 jobs in architectural services (Table 7). State agency urban
forestry employees from the study states collected the names and contact
information for the non-profits in their states. Collectively, we estimated
that in 2018, NPOs in the 20 states and Washington D.C. supported 1938
jobs directly working in urban forestry activities.

2.4. Economic contribution analysis

Economic contributions are usually evaluated in terms of several
business and economic metrics such as employment, labor income,
value-added, industry output, and local, state, and federal tax collec-
tions. We used the IMPLAN software, an input-output regional economic
modeling system, to estimate economy-wide ripple effects in the
regional economy stemming from direct economic activities in urban
forestry related industries. We aggregated state-level IMPLAN models
from these states to develop a regional input-output model with a trade
flows specification and social accounts for households. In terms of an
economic contribution method, we employed Method 1 for multi-sector
contribution analysis explained in Parajuli et al. (2018). We normalized
commodity production coefficients to one and zeroed out local use ratios
for the directly related IMPLAN industries to account for the contribu-
tion analysis in the existing industries in the aggregate regional
economy.

Table 5

Urban forestry jobs in public agencies.
Population Number Number Jobs in Jobs in Jobs in

of cities of UF per UF per UF
counties city” county”

<2,500 6,080 2 0.23 1,420
2,500-4,999 1,033 476 0.70 0.15 794
5,000-9,999 815 507 1.38 0.15 1,195
10,000-24,999 746 558 3.49 0.46 2,861
25,000-49,999 316 427 3.54 0.65 1,398
50,000-99,999 164 258 6.24 0.99 1,277
100,000-249,999 41 189 6.73 1.46 563
250,000-499,999 13 83 26.44 3.71 651
500,000-999,999" 7 54 77.10 9.40 1,125
>1,000,000° 3 16 80.00 3.50 399
Total 11,673

@ Average number of employees per city and county estimated from the
regional survey of public agencies.

b 155 additional employees from Milwakee, WI were added.

¢ 183 additional employees from Chicago, IL were added.
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Table 6
Urban forestry jobs in higher education institutions.

Student Number of Jobs in UF per Jobs in urban
enrollments institutions institution forestry (UF)
5,000—10,000 191 0.85 162
10,000—20,000 123 2.18 268
>20,000 75 10.68 801
Total 389 1,231

Table 7

Urban forestry jobs in non-profit organizations: 340 organizations in the study
region.

NPO’s involvement Jobs in UF per Jobs in urban

organization forestry (UF)
Landscaping services (561730) 3.76 1,278
Urban forestry consulting (1153)  1.29 439
Landscape architectural services 0.65 221
(541320)
Total 5.70 1,938

In the regional IMPLAN model, the employment statistics from
Tables 4-7 were entered to set up events and activities in respective
IMPLAN industry sectors. For instance, urban forestry jobs in land-
scaping services, nursery and tree production, and landscape architec-
tural services supported by the private sector were entered in IMPLAN
sectors 469, 6, and 449, respectively. The industry sectors involved in
retail and wholesale businesses (IMPLAN 395 and 399) were adjusted
using the margins analysis (Clouse, 2021). Jobs supported by
investor-owned private utility companies were entered in IMPLAN in-
dustry 469 corresponding to their main effort in landscaping and tree
line clearing businesses.

Modeling the contribution of government enterprises and public
universities is quite complicated in IMPLAN, as the IMPLAN industry
sectors representing employment and payroll of government employees
do not consist of intermediate expenditures attributed to them directly
(Clouse, 2021). Since we have developed a complete employment pro-
file of these local and state governments, higher education institutions,
and non-profit organizations, we applied the analysis-by-part (ABP)
method for the labor income spending pattern for all these public
agencies and non-profit organizations. The spending patterns of these
government payroll jobs should be linked with private industries. As
public agencies and organizations are mostly involved in arboriculture,
tree planting, and management, their contributions are lined up well
with IMPLAN industry 469. Hence, to model public sector’s economic
contribution, we first imputed expenditure values from the jobs profile
in IMPLAN sector 469, and then using those expenditure values, we
employed the labor income ABP procedure to estimate indirect and
induced effects in IMPLAN sector 469 by the public agencies (Lucas,
2019; B. Barlow personal communication). We applied this procedure to
estimate the economic contribution of the involvement of counties,
cities, state agencies, higher education institutions, and non-profit or-
ganizations in urban forestry. Moreover, we have estimated social ac-
counting matrix (SAM) multipliers of each economic metric, which are
the ratios of total effects to the direct effects. SAM multipliers explain the
extent to which an industry contributes to the wider local economy
through purchases, payments of wages and taxes, and other transactions
related to household expenditures.

3. Results

Table 8 presents the summary economic contribution results ob-
tained from individual IMPLAN scenarios representing each sector of
urban forestry in the 20 states and Washington D.C. Based on the input-
output modeling, we estimated that in 2018, urban forestry in the
Northeastern and Midwest states directly supported 258,550 full- and
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part-time jobs in various businesses and activities. The total job contri-
bution of urban forestry including the direct, indirect, and induced
employment was 357,215. In terms of labor income, urban forestry in
this region collectively contributed about $10.4 billion directly, and
over $16 billion including the multiplier effects throughout the regional
economy.

Similarly, in terms of value-added, which is equivalent to gross do-
mestic product, urban forestry in the study region contributed approx-
imately $13.5 billion to the regional economy directly, and if we account
for the indirect and induced effects, the total value-added contribution
in 2018 was about $23.4 billion (Table 8). In terms of industry output
representing all economic activities, the direct and total contributions of
the regional urban forestry were approximately $17.6 billion and $34.7
billion, respectively. The overall SAM multiplier associated with
employment was estimated to be 1.38, indicating that every job in urban
forestry in these states resulted in another 0.38 jobs in other sectors of
the economy. Similarly, every dollar generated in urban forestry

Table 8
Economic contribution of urban forestry in Northeastern and Midwest States,
2018.

Value-
Added
(million $)

Sector Employment Labor
(jobs) Income

(million $)

Industry
Output
(million $)

Direct Effect

Private sector 237,454 9,756 12,505 16,167

Investor-owned 5,991 223 275 413
utilities

City 9,591 357 440 661
government

County 2,082 78 96 144
government

State agency 263 10 12 18

Higher 1,231 46 56 85
education
institutions

Non-profit 1,938 88 97 145
organization

Total 258,550 10,377 13,481 17,632

Total Effect

Private sector 331,446 14,957 21,897 32,359

Investor-owned 8,205 350 498 800
utilities

City 11,141 459 618 971
government

County 2,418 100 134 211
government

State agency 305 13 17 27

Higher 1,430 59 79 125
education
institutions

Non-profit 2,270 109 132 205
organization

Total 357,215 16,046 23,376 34,696

SAM Multiplier

Private sector 1.40 1.56 1.75 2.00

Investor-owned 1.37 1.57 1.81 1.94
utilities

City 1.16 1.29 1.41 1.47
government

County 1.16 1.29 1.41 1.47
government

State agency 1.16 1.28 1.40 1.47

Higher 1.16 1.29 1.41 1.47
education
institutions

Non-profit 1.17 1.24 1.36 1.41
organization

Total 1.38 1.55 1.73 1.97

Economic contributions, based on multi-industry contribution analysis, are re-
ported in 2018 dollars.
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contributed an additional 97 cents in industry output to the rest of the
regional economy.

The economic contribution of urban forestry varies widely among
the sectors. The private sector, predominantly landscaping services,
represents about 92 % of the direct jobs and industry output in the study
region. The public agencies (city, county, and state agencies) collec-
tively contributed about $1.2 billion in total industry output by sup-
porting approximately 13,800 jobs to the regional economy (Table 8).
Similarly, higher education institutions and non-profit organizations
had total job contributions of 1430 and 2270, respectively. We esti-
mated that the private sector had the highest SAM multiplier values in
all metrics. The SAM value of 2.00 associated with the industry output of
the private sector indicates that every dollar generated in urban forestry
by the private sector contributed an additional $1.00 to the regional
economy.

Urban forestry in the study region also had substantial contributions
to the local or state and federal taxes (Table 9). In 2018, urban forestry
businesses and employees in the study region paid over $988.68 million
in state and local taxes and about $2.1 billion in federal taxes. Most of
the state and local taxes were collected on production and imports of
goods, followed by household taxes. Employee compensation and
households were the major categories contributing to about 90 % of
federal taxes collected directly from urban forestry businesses and em-
ployees in the region.

Table 10 presents the top 10 industries in the region that have the
highest employment contributions from urban forestry. A total of
227,478 jobs with an industrial output of about $15.7 billion in land-
scape and horticultural services were contributed by the urban forestry
in the study region. Urban forestry supported over 10,750 jobs in
greenhouse, nursery, and floriculture production, about 9345 jobs in the
wholesale trade industry, and about 7900 jobs in the retail sector in the
study region (Table 10). Through the induced effects, employees in
urban forestry in the study region supported a number of jobs in real
estate, full-service and limited-service restaurants, and hospitals, play-
ing a vital role in the overall regional economy.

Because the private sector represents over 92 % of the urban forestry
industries in the region, we also explored the economic contribution of
each industry within the private sector. Table 11 presents economic
contributions of the private urban forestry industries in the study region.
Among the six major business types, landscaping and tree care services
(NAICS 561,730) represent about 85 % of the total contribution from the
private sector in terms of all business metrics. Over 207,000 direct full-
and part-time jobs were supported by private landscaping and tree care
services in various aspects of urban trees management, plantation, and
arboriculture services. Retailers and wholesalers involved in equipment
and supplies needed in urban forestry also contributed over $872 million
in industry output directly by supporting over 20,000 direct jobs in the
region. The numbers were even higher when we accounted for indirect
and induced effects in the regional economy stemming from direct
employment and value-added services in urban forestry. In aggregate
(direct, indirect, and induced effects), the private industries involved in
urban forestry contributed over $32 billion in industry output and about
$22 billion in value-added by employing over 331,400 people in the

Table 9
Direct tax contribution of urban forestry in Northeastern and Midwest States,
2018.

Category State/Local tax (million Federal tax (million
$) $)

Employee compensation 11 962

Proprietor income 0 82

Taxes on production and 637 67

imports

Households 311 866

Corporations 30 109

Total 989 2,086
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Table 10
Top 10 industries affected by jobs in urban forestry in the Northeastern and
Midwest region.

Description (IMPLAN Employment Labor Value Output
industry) (jobs) income added (million
(million $)  (million $)  $)
Landscape and 227,478 8,471 10,435 15,679
horticultural
services (469)
Greenhouse, nursery, 10,756 979 1,816 513
and floriculture
production (6)
Wholesale trade (395) 9,345 408 623 359
Retail - Building 7,897 239 340 615
material and garden
equipment and
supplies stores (399)
Real estate (440) 5,841 177 946 1,266
Full-service 4,450 114 128 234
restaurants (501)
Hospitals (482) 4,264 348 395 715
Limited-service 3,717 79 198 338
restaurants (502)
Employment services 2,925 128 190 250
(464)
Architectural, 2,635 261 249 447

engineering, and
related services
(449)

Northeastern and Midwest region.

In order to explore the state-specific economic contribution analysis
of urban forestry, we also estimated the state-level IMPLAN models for
all 20 states and Washington D.C. separately. Table 12 reports the eco-
nomic contribution analysis of urban forestry by state. Among the states
included in the regional analysis, the top five states in terms of the total
jobs and industry output are Illinois, New York, Pennsylvania, Ohio, and
New Jersey, all of which had over 33,000 jobs supported by urban
forestry in their respective state economy. Other notable states with
employment contributions exceeding over 22,000 jobs include Michigan
and Massachusetts. States with over 15,000 jobs supported by urban
forestry in 2018 are Maryland, Indiana, Wisconsin, Missouri, and Min-
nesota. Other state-specific business metrics in both direct and total
contributions are presented in Table 12.

4. Discussion and conclusions

With rapidly growing urban populations, urban forestry has received
considerable attention in recent years not only for trees’ intrinsic values
in urban and suburban landscapes but also for the economic significance
of various businesses and industries relying on urban forestry. Esti-
mating the economic contribution of urban forestry is somewhat chal-
lenging, as there are many broader industries that are tangentially
related to urban trees and their management. As such, additional efforts
are required to develop input-output models that characterize industry
portions specific to urban forestry from other related sectors. Urban
forestry relies on a large number of industry actors and a broad inter-
pretation of the related industries resulting in higher estimates of the
contribution of urban forestry to regional economies; however, such
broad definitions also result in substantial overlap with other green jobs-
reporting metrics and could result in confusion and double-counting. By
developing a standard methodology and model set-ups to capture urban
forestry related businesses and activities exclusively, we estimated the
economic contributions of urban forestry in the Northeastern and Mid-
west states. Our approach attempted to establish a standard framework
for estimating economic contribution analysis of urban forestry in any
defined scale of regional economy. Therefore, study results are valuable
to urban and municipal foresters, Extension professionals, public service
leadership, and other policymakers to gauge the size and overall trend of
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Table 11
Economic contributions of private urban forestry industries in the region.
Industries Employment Labor Value Industry
(jobs) Income Added Output

(million $) (million $) (million $)

Direct Effect

Nursery and tree
production
Farm and garden 6,491 591 1,096 310
machinery and
equipment
merchant
wholesalers
Nursery stock and
florists’ supplies
merchant
wholesalers
Nursery, garden and 9,345 408 623 359
farm supply
retailers
Landscape
architectural

7,897 239 340 615

4,265 388 720 204

2,414 239 228 409

services
Landscaping and tree

care services
Total 237,454 9,576

207,042 7,710 9,497 14,270

12,505 16,167

Total Effect

Nursery and tree
production
Farm and garden
machinery and
equipment
merchant
wholesalers
Nursery stock and 7,401 563 1,017 705
florists’ supplies
merchant
wholesalers
Nursery, garden and
farm supply
retailers
Landscape 5,748 432 535 916
architectural
services
Landscaping and tree
care services
Total 331,446

10,156 369 566 1,020

11,264 856 1,548 1,072

13,339 632 1,014 1,014

283,538 12,105 17,218 27,631

14,957 21,897 32,359

economic contribution of businesses, industries, and organizations
involved in urban forestry. To this end, our study makes an important
methodological contribution and sets a milestone in urban forestry
economic contribution analysis.

IMPLAN results suggest that most of the urban forestry-related
employment opportunities are in the private sector, which collectively
represents industries related to urban tree cares and services, nursery
and tree production, machinery supplies, and landscape architecture,
among others. These results also suggest that landscaping and tree care
services were the most dominant private sectors contributing to more
than 237,400 direct jobs in the region. These results are consistent with
other studies (e.g., Hall et al., 2006; Palma and Hall, 2015; Hodges and
Court, 2019), which also reported the significant economic contribu-
tions of landscaping services nationally and in state-specific analyses.
Hall et al. (2020) reported that the landscaping industry represented
approximately 63 % of total jobs among private green industries in the
United States. Interestingly, the magnitude of SAM multipliers in the
private sector industries were relatively higher compared to public
sectors reflecting their diversified market channels, which indicates
magnified ripple effects in the rest of the economy (Henderson et al.,
2017).

Urban foresters and other professionals working in municipal and
county governments are heavily involved in tree planting, care, and
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Table 12
Summary of urban forestry economic contributions by states in 2018.

State ~ Employment Labor Income Value Added Industry Output
(jobs) (million $) (million $) (million $)
Direct effects
CT 9,271 421 533 770
DC* 475 21 23 37
DE 3,038 117 143 219
1A 6,267 237 344 553
IL 25,348 1,072 1,436 2,150
IN 12,829 455 591 942
MA 17,355 789 937 1,375
MD 15,391 607 793 1,189
ME 3,954 117 159 258
MI 20,442 751 954 1,507
MN 11,050 462 618 955
MO 11,945 395 530 880
NH 3,890 156 192 291
NJ 20,579 1,025 1,347 1,894
NY 26,611 1,161 1,528 2,233
OH 24,717 913 1,215 1,855
PA 25,246 984 1,223 1,882
RI 2,656 104 130 197
VT 1,780 59 81 128
WI 12,517 479 623 966
wv 3,194 109 141 222
Total effects**
CT 11,994 591 819 1,222
DC* 539 26 31 49
DE 3,815 156 221 342
1A 8,352 327 511 844
IL 34,830 1,601 2,373 3,699
IN 16,818 648 925 1,530
MA 22,937 1,136 1,505 2,289
MD 19,739 844 1,224 1,886
ME 5,056 164 245 410
MI 27,442 1,086 1,540 2,533
MN 15,262 690 1,004 1,624
MO 16,008 582 856 1,459
NH 5,094 219 300 468
NJ 27,691 1,454 2,074 3,078
NY 33,913 1,638 2,377 3,515
OH 33,214 1,315 1,950 3,126
PA 33,811 1,452 2,017 3,211
RI 3,471 144 204 317
VT 2,263 80 119 193
WI 16,725 672 973 1,572
wv 3,986 142 200 326

" DC is not a formal state but for our modeling purpose we ran Washington D.
C. as a separate economy.

" Total effects from the individual state-level numbers do not sum to the total
regional results because of the leakage effects.

management of more than 140 million acres of urban forests in the
United States (American Forests, 2021). Although public sector
employment from urban forestry in this region is minimal, results sug-
gest a meaningful contribution of this sector in large metro areas. In
other words, apart from the shade, health, and other ecosystem
service-related benefits obtained from urban forests (Hardy et al., 2000;
Donovan, 2017), public sector investments in urban forestry have paid
off through employment opportunities and ripple effects in other sectors
of the economy.

Since sales taxes and property taxes are the largest sources of general
revenue for local governments (Gordon et al., 2016), larger cities have
more revenue bases and higher operating budgets. However, findings
from the primary survey of cities and counties suggest that there was no
substantial difference between public sector urban forestry jobs between
small- and medium-sized cities (Table 5). These findings suggest that
urban forestry programs receive a lower priority in the budgets and
programs of small- and medium-sized cities. By contrast, a few large
cities such as Milwaukee and Chicago employ a significant number of
people in urban forestry. Since local government responsibilities vary
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between the states and the counties (Carlee, 2021; Gordon et al., 2016),
these results were not surprising.

Our study results suggest important management and policy impli-
cations. While the economic contribution analysis framework for the
traditional forestry sector has long been established and results have
been used in budget appropriations, attracting investments, and policy
advocacy (Joshi et al., 2017; Henderson et al., 2017; Parajuli et al.,
2018), limited efforts have been made to develop a similar compre-
hensive framework for identifying the scope and economic contributions
of urban forestry. In particular, without well-defined urban forestry in-
dustries within the IMPLAN modeling setup, an across-the-board urban
forestry framework has not been established. Using stakeholder input
and rigorous discussion as a foundation, we developed an exhaustive
scope of urban forest industries incorporating the involvements of pri-
vate, public, non-profit, and higher education institutions in urban
forestry. With the use of a relatively novel application of the
analysis-by-parts method and margins analysis for wholesalers and re-
tailers, our study has developed an input-output analysis framework for
urban forestry, which can be used to generate comparable results
regardless of the study region.

In addition to improving public awareness, our results are useful to
policymakers at local, state, and federal levels. The results could provide
justification for enhancement of existing programs or creation of new
measures to support urban forest management. Furthermore, the
comprehensive nature of this study leads to a complete picture of urban
forestry contributions, including areas that need attention. For example,
counties, municipalities, and public institutions vary widely in terms of
their resource allocations and expenditures related to urban forestry.
Results from this study could be used to develop targeted technical and
financial assistance to jurisdictions that require capacity building. Pri-
vate sector urban forestry industries could also use the results to high-
light their importance while communicating with the public and
policymakers. Since natural area forests in urban areas in the United
States have been reportedly decreasing in recent years with a primary
issue of lower public awareness (Pregitzer et al., 2021), the estimated
business metrics from urban forestry could play a pivotal role in
educating policymakers, stakeholders, and the public about the eco-
nomic vitality of urban forestry in the local economies.

Response rates for our survey varied widely among the target groups.
For example, response rates from the public sector, higher education
institutions, and non-profit organizations were relatively higher
compared to other studies based on web-based surveys (e.g., Sinclair
et al., 2012). However, the response rate from private businesses (about
3%) was less than expected. The ongoing COVID-19 Pandemic could be
one of the main reasons of lower survey responses from the private
businesses. Of importance, survey responses were only used to solicit
employment profiles of urban forestry industries and the total responses
(n = 630) far exceeded the required samples to meet the 5% (n = 384)
margin of error (Dillman et al., 2014). Similarly, the paired two-sample
T-test between the first 10 % and the last 10 % responses of the private
sector survey indicates that non-response bias might not be a major
issue. We compared the full-time employment and total sales in dollars
of the early versus late responders, and the T-statistics for both variables
were statistically insignificant. Nonetheless, the lower responses are
consistent with the finding that web-based surveys may be more effec-
tive for the groups with smaller population sizes (Sinclair et al., 2012).
To this end, we suggest that future studies adopt the mixed-mode
approach utilizing both paper-based and web-based platforms.
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