
Journal of Forestry, 2021, 86–95
doi:10.1093/jofore/fvaa047

Review Article - urban & community forestry
Received June 18, 2020; Accepted October 9, 2020

Advance Access publication December 1, 2020

86© The Author(s) 2020. Published by Oxford University Press on behalf of the Society of American Foresters.  
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Review Article - urban & community forestry

Strategic National Urban Forest Inventory for 
the United States
Christopher B. Edgar, David J. Nowak, Mark A. Majewsky, Tonya W. Lister, 
James A. Westfall, and Nancy F. Sonti

Christopher B.  Edgar (cedgar@umn.edu), Department of Forest Resources, University of Minnesota, 115 Green 
Hall, 1530 Cleveland Avenue North, St. Paul, MN 55108. David J.  Nowak (david.nowak@usda.gov), USDA Forest 
Service, Northern Research Station, 1 Forestry Drive, 5 Moon Library, Syracuse, NY 13210. Mark A.  Majewsky 
(mark.majewsky@usda.gov), USDA Forest Service, Northern Research Station, 7355 West Hwy 61, Tofte, MN 55615. 
Tonya W. Lister (tonya.lister@usda.gov) and James A. Westfall (james.westfall@usda.gov), USDA Forest Service, 
Northern Research Station, 3460 Industrial Drive, York, PA 17402. Nancy F. Sonti (nancy.f.sonti@usda.gov), USDA 
Forest Service, Northern Research Station, 5523 Research Park Drive, Baltimore, MD 21228.

Abstract

In response to the strategic plan required by the Agricultural Act of 2014, the USDA Forest Service 
Forest Inventory and Analysis (FIA) program is initiating a strategic inventory of the nation’s urban 
forests. The inventory is designed to provide timely and credible data on urban forests, thereby 
meeting an expanding need for information on trees located in communities where more than 
80% of people live. The program monitors the status and trends of trees in urban settings (i.e., 
urban forests), enabling assessment of their composition and structure, ecosystem services and 
values, health, and risk from pests and disease. At full implementation with funding, resources, 
and partnerships in place, the program as designed would provide annual updates of urban forest 
conditions on approximately 68 million acres of land and for 100 of the most populous cities in the 
United States. The traditional forestland inventory of FIA continues and is complemented by the 
new urban inventory providing the means for a more complete assessment of the tree and forest 
resources across the United States.

Study Implications: Urban forests provide many benefits that improve the quality of life for 
people residing in urban settings. By initiating an urban inventory, the FIA program seeks to 
provide consistent, timely, and credible data about urban forests across the United States and 
thereby meet the needs of users and partners as expressed in its strategic plan. In addition to 
baseline information, the urban inventory will provide information on urban forest change for 
managers to help guide or mitigate forest and environmental changes to desirable outcomes. 
State, regional, and national urban forest assessments useful to setting policy will be strengthened 
by the standardized data collection procedures. The urban inventory is a significant step toward 
more seamless rural-urban monitoring and “all tree” assessments that will be necessary to address 
the challenges that urban expansion presents to adjacent rural and forestlands.
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Interactions between people and urban forests are more 
relevant now than at any other time in the nation’s his-
tory. More people are living in urban areas, which are 
defined as densely developed residential, commercial, 
and other nonresidential areas (US Census Bureau 
2012a). From 2000 to 2010, the percentage of the US 
population living in urban areas increased from 79.0% 
to 80.7%, with the urban population growing from 
222.4 million to 249.3 million, an increase of 12.1% 
(US Census Bureau 2012a, 2017). By 2050, 340 mil-
lion people (87.4% of the US population) are projected 
to live in urban areas (Duffin 2019, Vespa et al. 2020).

Urban forests, which include all trees in urban set-
tings, affect the livability of cities and the quality of 
life in urban areas. US urban forests conservatively 
produce more than $18 billion annually in benefits 
related to air pollution removal, carbon sequestra-
tion, and reduced energy use (Nowak and Greenfield 
2018b). However, urban tree cover has been on the de-
cline in recent years, decreasing by 690,000 acres from 
40.4% (ca. 2009)  to 39.4% (ca. 2014)  (Nowak and 
Greenfield 2018a). This loss equates to 138,000 acres 
of tree cover per year or about 28.5 million trees per 
year. Given the magnitude of the resource value and 
rates of change, there is an increasing need for credible, 
consistent, and timely information on the urban forest 
resource to support management, planning, and policy 
(Cumming et al. 2008, Corona 2016).

Urban lands are expanding with important impli-
cations for adjacent rural areas and forestlands. From 
2000 to 2010, urban land in the conterminous United 
States grew from 57.5 million acres (3.0% of land area) 
to 67.6 million acres (3.6%), an increase of 17.5%. 
Urban land is projected to increase to 8.6% by 2060, 
an increase of 95.5 million acres, which is greater than 
the area of Montana (Nowak and Greenfield 2018b). 
Expanding urban areas directly transform land and 
can result in the loss of forestland. Invasive species, 
unmanaged recreation, fragmentation, and wildfire 
connected to urbanization can be threats to forest sus-
tainability (Nowak et al. 2005). This rural-urban con-
tinuum is increasingly recognized as an important area 
in need of monitoring, although one that presents a 
unique set of challenges (Westfall et al. 2018).

The Forest Inventory and Analysis (FIA) program 
of the US Department of Agriculture (USDA) Forest 
Service collects and disseminates data and informa-
tion on the nation’s forests. Estimates of the extent 
and condition of forestland, including both the stock 
and change in numbers of trees, volume, biomass, 
and carbon, are primary FIA products. Information 

produced by FIA helps improve forest management 
and planning, policymaking, carbon accounting, 
forest health evaluations, sustainability assessments, 
and investment decisions by industry (USDA Forest 
Service 2016).

The Agricultural Act of 2014 (Public Law 113–79 
Sec 8301), commonly known as the 2014 Farm Bill, 
called for an FIA strategic plan describing in detail 
the organization, procedures, and funding needed to 
achieve several elements set forth in the act. In 2016, 
FIA published a strategic plan that included the Farm 
Bill element “implement an annualized inventory of 
trees in urban settings, including the status and trends 
of trees and forests, and assessment of their ecosystem 
services, values, health, and risk to pests and dis-
eases” in FIA Strategic Plan Option C—National Core 
Program (USDA Forest Service 2016, p.14).

It can take years to ramp up to an operational na-
tionwide inventory with a capable and fully staffed 
workforce implementing fully vetted and widely ac-
cepted protocols. Here we describe the envisioned 
major features of an annualized inventory of trees 
in urban settings, including general information on 
sample design, estimation, data acquisition, informa-
tion management, and reporting. We discuss similar-
ities and dissimilarities between the urban inventory 
and the national forestland inventory and citywide 
i-Tree Eco inventories. Accomplishments in advancing
the strategic vision are presented along with goals as-
suming eventual full implementation.

Background
The first ground-based inventories of vegetation con-
ducted for an entire city occurred in the late 1980s and 
early 1990s (Nowak 1994). The first national assess-
ment of urban forest resources in the United States was 
published in 2000 (Dwyer et  al. 2000, Nowak et  al. 
2001). In the 2000s, urban inventories increasingly be-
came recognized as a source of information that could 
support natural resource management and policy de-
cisions by state and local officials. The computation 
of urban forest benefits and services was becoming 
increasingly accessible through development and mat-
uration of software tools that incorporated the latest 
research findings relevant to urban forest. For ex-
ample, the Urban Forest Effects (UFORE) model was 
created to estimate urban forest structure and func-
tion values using forest inventory, tree cover, meteoro-
logical, and pollution concentration data (Nowak 
and Crane 2000). In 2006, UFORE was incorporated 
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within i-Tree (www.itreetools.org), a suite of software 
tools that assesses urban forest structure and benefits, 
with UFORE being renamed i-Tree Eco. As of 2019, 
more than 410,000 users worldwide have used i-Tree 
tools, including academic institutions, forestry con-
sultants, government officials, and nonprofit groups. 
Through the collaborative efforts of the Forest Service, 
Davey Tree Expert Company, Arbor Day Foundation, 
Society of Municipal Arborists, International Society 
of Arboriculture, and Casey Trees, the capabilities of 
the suite of software tools continues to develop and 
expand (i-Tree 2020).

The FIA program dates to the 1930s when periodic 
timber resource surveys were conducted on a state-
by-state basis. In 1999, FIA began a transition to an 
annual inventory of forestland conducted simultan-
eously across the nation (Gillespie 1999, USDA Forest 
Service 2016). The transition from a timber inventory 
to a forest inventory extended the applications of FIA 
data and information beyond a commodity focus to 
environmental and forest ecosystem health interests 
(McRoberts et  al. 2005). Even with the expanded 
focus, most trees in urban settings remained outside 
the program’s monitoring efforts. In the forestland in-
ventory, data are collected from trees on lands meeting 
the FIA definition of forest; thus many trees in urban 
settings are not included (Riemann 2003, Nowak et al. 
2006, 2013, Cumming et al. 2008).

FIA efforts in urban settings expanded as urban 
forest managers, nonprofit groups, citizens, and state 
officials communicated a need for such informa-
tion and as knowledge of the significance of urban 
forest values increased and the capacity to quantify 
and monetize benefits advanced. Hershey and Birch 
(1996) combined existing FIA data with US Census 
Bureau geospatial layers to estimate the extent of 
urban forest in New York. In a study of a five-county 
area in Maryland, Riemann (2003) demonstrated that 
trees on nonforest conditions were present in sufficient 
numbers to substantially add to the estimates of tree 
attributes (e.g., number, basal area, carbon) typically 
computed from only forest conditions. In the conter-
minous United States, only 13.7% of urban land, or 
about 38.6% of all urban tree cover, is measured by 
FIA forestland inventory plots (Nowak et  al. 2013). 
Urban tree cover in the United States is substantial, 
averaging 39.4% nationally and covering about 26.8 
million acres (Nowak and Greenfield 2018b).

Cumming et al. (2008) reported on efforts to pilot 
the FIA urban inventory and the UFORE model in 
Indiana (Nowak et  al. 2007), Wisconsin (Cumming 

et  al. 2007), New Jersey, Tennessee (Nowak et  al. 
2012a), and Colorado. Results included statewide esti-
mates of urban forest structure (e.g., number and basal 
area of trees by species and diameter class) and esti-
mates on structural value, pollution removal, building 
energy conservation, avoided runoff, carbon storage, 
and carbon sequestration. Structural value, pollution 
removal, building energy conservation, and avoided 
runoff represented new areas for FIA with no counter-
part in rural forest monitoring and reporting. Efforts 
in other states followed, including the Great Plains 
(Kansas, Nebraska, North Dakota, South Dakota; 
Nowak et  al. 2012b), Washington, Oregon, and 
California. These early efforts demonstrated that the 
FIA sampling frame and protocols, with some modi-
fication, could successfully monitor urban forests at 
large scales (Nowak et al. 2006, Cumming et al. 2008).

Defining Urban Forests
The urban inventory initiative is an expansion with 
modification of FIA’s monitoring efforts that aims to 
produce information about urban forests, which are 
defined as all trees in urban settings. Different pro-
gram goals result in urban settings being constructed 
using one of two models (Figure 1). For the first pro-
gram goal, that of providing strategic-level coverage 
of urban forests across the nation, FIA uses US Census 
Bureau–defined urban areas. The US Census Bureau 
identifies two types of urban areas, both of which are 
included in FIA’s strategic inventory goals: urbanized 
areas (UA) and urban clusters (UC). UAs are densely 
developed territory containing 50,000 or more people. 
UCs are densely developed territory with at least 2,500 
people but fewer than 50,000 people. As of the 2010 
US Census, there were 486 UAs and 3,087 UCs across 
the nation covering approximately 68 million acres 
(US Census Bureau 2012a, 2012b, 2017). A  second 
program goal is to provide strategic urban inventories 
for the US cities with the largest populations. FIA is 
targeting cities with populations of at least 200,000 
people as of the 2010 US Census and delimits city area 
using US Census Bureau Place boundaries. A few cities 
with populations below 200,000 are included to ensure 
that every state has at least one target city in the pro-
gram. Where two or more large cities occur in the same 
general vicinity (i.e., in the same Core-Based Statistical 
Area), plans are to assess the most populated city. With 
these criteria in place, approximately 100 cities would 
be included once funding, resources, and partnerships 
are fully in place.

http://www.itreetools.org
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In defining a tree, FIA drew from extensive experi-
ence in the forestland inventory, pilot urban inven-
tories, and i-Tree inventories. As a starting point, all 
tree species tallied in the forestland inventory were 
included in the urban inventory. A supplemental spe-
cies list for urban settings included tree species pri-
marily encountered in urban settings. Separate species 
lists are a complicating factor when forestland and 
urban inventory data are combined for assessment 
(e.g., Staudhammer et al. 2018, Westfall et al. 2018). 
In 2019, FIA conducted an extensive review of species 
inclusion, culminating in the adoption of one species 
list that is being applied to both the forestland and 
urban inventories moving forward.

Sampling Frame, Plot Configuration, 
and Measurements
The hexagonal sampling frame developed for the 
forestland inventory is used in the urban inventory. The 
base spatial sampling intensity for urban areas is one 

plot per approximately 6,000 acres, the same base spa-
tial intensity as used in the forestland inventory. The 
spatial sampling intensity is increased in targeted cities 
to produce numbers of plots sufficient to produce es-
timates deemed suitable for strategic planning efforts. 
To meet this objective, FIA seeks at least 200 plots in 
each of the targeted cities, a number adapted from 
i-Tree inventories (Nowak et al. 2008a).

A portion of the plots are measured every year in
the annual inventory. The selection of plots to measure 
is based on a panel system, where each panel provides 
approximately uniform spatial coverage of the popula-
tion. One panel of plots is measured every year and then 
remeasured only after all the other panels of plots have 
been measured. Cycle length is the term commonly ap-
plied to denote the number of years to measure all the 
panels of plots. The cycle length applied in an urban 
area or target city is set equal to the cycle length of the 
forestland inventory of the same region. Cycle lengths 
of five or seven years are used in the eastern United 
States, and 10 years is used in the western United States. 

Figure 1. Urban areas and cities included in the urban inventory.
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Reams et al. (2005) provides a detailed description of 
the FIA sampling frame, and readers seeking more in-
formation are referred to that resource.

The urban inventory uses a national standard plot 
configuration that consists of one 48.0 ft radius cir-
cular plot and four 6.8 ft radius circular microplots 
offset 12.0 ft in each of the cardinal directions from 
plot center (Figure 2). The urban inventory plot differs 
in design but not area from the forestland inventory 
plot, which consists of four 24.0 ft radius circular sub-
plots arranged in a cluster fashion (Bechtold and Scott 
2005). Pilot studies demonstrated that the forestland 
inventory plot applied to urban settings resulted in a 
much higher number of contacts with owners than oc-
curred in rural settings (Nowak et al. 2008b). For ex-
ample, an average of five owner contacts were made per 
plot in the 2002 Wisconsin pilot (Nowak et al. 2006). 
The urban inventory forgoes the four subplots in favor 
of one plot to reduce the number of owner contacts. 
The size of the urban inventory plot was set to a 48.0 ft 
radius (1/6 ac) to equal the area of forestland inventory 
subplots. A common plot configuration in i-Tree Eco 
inventories is a circular plot of 37.2 ft radius (1/10 ac).

Measurement of urban inventory plots is accom-
plished through the efforts of the Forest Service, 
state forestry agencies, city forestry departments, 
universities, and contracting personnel. Individuals 
responsible for urban inventory measurements re-
ceive extensive annual training and must success-
fully complete certification training. FIA requires 
landowner permission to access all plots and does 
not visit plot locations that contain hazardous con-
ditions. Trees on land defined by FIA as forest are 
the focus of the forestland inventory, whereas all 
trees regardless of stand size, width, canopy cover, 

or land use are the focus of the urban inventory. In 
this regard, the urban inventory is like the i-Tree Eco 
inventory approach where all trees are measured re-
gardless of land use. On the plot, trees 5.0 inches and 
larger in diameter at breast height (DBH) or diam-
eter at root collar (DRC) are measured. FIA classi-
fies all tree species into either woodland or timber 
categories. Woodland species are typically small trees 
characterized by a multistemmed growth form, and 
diameter measurements for these species are taken as 
DRC. Timber species are generally characterized by 
the growth of a central stem, and diameter is taken 
as DBH. On each microplot, trees at least 1.0  inch 
but less than 5.0 inches DBH or DRC are measured. 
Specifics on measurements are too numerous to list 
here, but in general the urban inventory incorporates 
the variables from both the forestland inventory and 
the i-Tree Eco protocol. For example, the urban in-
ventory combines forestland inventory data variables 
that track merchantability standards such as percent 
rotten and missing cull. i-Tree Eco’s measurements 
of proximity to residential buildings, which is used 
to estimate energy cost savings, are included in the 
urban inventory.

FIA regularly reviews and updates field proced-
ures and publishes a field manual with the complete 
listing of measurements and details at https://www.fia.
fs.fed.us/library/field-guides-methods-proc/index.php. 
Measurement of multistemmed trees provides an ex-
ample of the regular review and adjustment process. 
The FIA forestland inventory and i-Tree methods differ 
in the way data are collected and recorded for forked 
trees. The urban inventory now includes both stem-
level and whole tree measurements, and many vari-
ables, including the number of trees, can be estimated 
using either approach. Field manuals for previous 
years’ inventories are available, permitting tracking of 
any changes in procedures and protocols over time.

Estimation, Analysis, and Reporting
FIA compilations provide many of the attributes 
that characterize the composition and structure of 
the urban forest, such as number of trees, basal area, 
volume, biomass, and carbon. The i-Tree Eco tools 
provide some structural characteristics (e.g., com-
pensatory value) and ecosystem services estimates 
(e.g., air pollution removal, avoided precipitation 
runoff, energy use reduction) (Nowak and Crane 
2000, Nowak et  al. 2008b). FIA and i-Tree Eco 
compilations are included in the publicly available Figure 2. Urban inventory plot configuration.

https://www.fia.fs.fed.us/library/field-guides-methods-proc/index.php
https://www.fia.fs.fed.us/library/field-guides-methods-proc/index.php
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database. Some information produced by i-Tree 
Eco is reported directly as a population estimate ra-
ther than on a per tree basis. For example, surface 
water runoff avoided is derived from processes of a 
water balance model (Wang et al. 2008) applied at 
the population level. Implementation of the model 
in i-Tree Eco is detailed by Hirabayashi (2012). The 
i-Tree website (itreetools.org) contains current in-
formation on the modeled population estimates in
i-Tree Eco. Pollution removal and health impacts,
rainfall interception and avoided runoff, and volatile
organic compound emissions are i-Tree Eco outputs
reported at the population level.

Where compilations produce a tree-level value, the 
sample-based estimators of Scott et al. (2005) are used 
to produce population estimates. Precision of an esti-
mate can be assessed with a confidence interval. Using 
a 95% confidence interval as an example, we would ex-
pect if the inventory were independently repeated over 
and over again on the same population using the same 
procedures that 95% of the intervals would include 
the true population value. This process also means we 
would expect 5% of the intervals would not include 
the true population value. Because the true value is not 
known, it cannot be stated with certainty whether a 
specific interval includes the true value or not.

Annual measurement of a portion of the plots 
means new estimates can be produced every year. 
Estimates are computed using all the panels of plots. 
Using an inventory with a five-year cycle as an ex-
ample, the estimate in year 7 of the inventory is com-
puted by combining panels measured in years 3, 4, 5, 
6, and 7 (Figure 3). In year 8 a new estimate is com-
puted by combining panels measured in years 4, 5, 6, 
7, and 8.  Thus, approximately 80% of the plot ob-
servations are the same in consecutive year estimates 
(e.g., year 7 and year 8). Although estimates combine 

observations from a number of years, common prac-
tice is to refer to an estimate by the latest year of the 
data used in the estimate, although other conventions 
have been used (i.e., the middle year). The combining 
of panels reduces the variance of estimates and is there-
fore generally the preferred approach in most estima-
tion situations. An exception occurs if a widespread 
catastrophic event happens during the measurement 
periods, which is fairly uncommon. In these situations, 
combining panels may dampen trends and obscure an-
nual fluctuations (Patterson and Reams 2005). Panel 
systems can be highly responsive in these situations, 
but approaches that differ from the standard approach 
(e.g., combining of all panels) need to be applied (Edgar 
et al. 2019). Users might consider contacting FIA cus-
tomer support (www.fia.fs.fed.us/tools-data/customer-
service/) for guidance in these situations.

It is common in forest assessments to divide the 
population into classes and then seek information spe-
cific to one or more classes. For example, urban trees 
are strongly influenced by land use, and, therefore, es-
timates for land-use classes may be desired. This sub-
division is an example of domain estimation. FIA’s 
domain estimation methods are documented by Scott 
et al. (2005). Besides division by area (e.g., land use, 
type of ownership), domains can also form by divi-
sions of trees (e.g., species, diameter class). Normally, 
the finer the division in forming the domain, the lower 
the precision of the resulting estimate.

Urban inventory results are being disseminated in a 
number of different ways to reach as broad an audience 
as possible. Field measurements and processed data are 
incorporated in a publicly available Urban Data Mart 
at www.fia.fs.fed.us/tools-data/. A  user guide for the 
urban database is available at https://www.fia.fs.fed.
us/library/database-documentation/index.php, and a 
population estimation guide is forthcoming. Reports 

Figure 3. Schematic of an inventory design consisting of five panels (a, b, c, d, and e) and the measurement sequence over 
two five-year cycles. (Figure adapted from Westfall et al. 2013.)

http://www.fia.fs.fed.us/tools-data/customer-service/
http://www.fia.fs.fed.us/tools-data/customer-service/
http://www.fia.fs.fed.us/tools-data/
https://www.fia.fs.fed.us/library/database-documentation/index.php
https://www.fia.fs.fed.us/library/database-documentation/index.php
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summarizing key results from the first two city assess-
ments have been published (Nowak et al. 2016, 2017). 
Reports include sections on urban forest structure, 
composition, health, and ecosystem service values. 
Management implications are also discussed, with 
sections devoted to information on nonnative invasive 
species, insects and disease impacts, and population 
growth, for example. Reports are made available at the 
program website www.fia.fs.fed.us/program-features/
urban/.

Online applications are increasingly being used to 
disseminate inventory results. The application My 
City’s Trees (mycitystrees.com) was developed by 
Texas A&M Forest Service with support from the 
Forest Service for the purpose of providing easy access 
to urban inventory data. Users can explore results for 
cities and produce custom analyses and reports. My 
City’s Trees is designed to work with smart phones, 
tablets, and desktop computers. The Forest Service 
is developing an online analytical tool for the urban 
inventory patterned on the existing forestland inven-
tory analysis tool EVALIDator. This tool provides the 
means to conduct highly customizable queries and 
produce estimates of population attributes including 
measures of precision.

Implementation and Status
Initial efforts in program delivery have focused on 
areas where state and local partners have expressed a 
willingness to collaborate and support the program. 
The inventory is fully operational in the targeted cities 
and urban areas of 19 states, Washington, DC, and 
the US Virgin Islands (Figure 1). The inventory is also 
operational in at least one targeted city in eight add-
itional states. At current program funding levels, FIA 
anticipates continuing with the partnership model and 
will strive to efficiently implement the program to the 
extent permitted by available resources. When fully 
implemented, the inventory seeks to provide annual up-
dates of urban forest conditions on approximately 68 
million acres and for the 100 most populated US cities.

FIA programs National Woodland Owner Survey 
(NWOS) and Timber Product Output (TPO) are also 
expanding into urban settings. NWOS is examining 
the social dimensions of the urban forest by surveying 
the private residential landowners who manage the 
urban forest and other green space. Initial efforts have 
focused on Austin, TX; Madison, WI; Wausau, WI; 
Milwaukee, WI; Green Bay, WI; and Baltimore, MD. 
These efforts are currently being expanded across the 

country in Houston, TX; Portland, OR; St. Louis, MO; 
and Denver, CO. TPO surveys estimate production and 
movement of roundwood. In urban settings, trees are 
removed for a variety of reasons often associated with 
death, damage, or development. Information on urban 
tree removals and disposal or use of that material is 
desired, and TPO expertise is being applied to develop-
ment of urban wood assessments. Initial efforts have 
focused on Baltimore, MD, and plans are being ex-
plored to expand to other cities.

The extension of the FIA sampling frame to include 
the measurement of trees and other attributes within 
urban settings provides an opportunity to survey for-
ests and trees without duplication and without gaps 
between forestland and urban inventories. Historically, 
forestland inventories and urban inventories were con-
ducted independently. Different traditions led to dif-
ferences in practical implementation (e.g., species 
included, variables measured, plot configuration, sam-
pling intensity) with the potential to limit integrated 
assessment and analysis (Staudhammer et  al. 2018, 
Westfall et al. 2018). The integration of the FIA sam-
pling frame into the urban inventory provides a foun-
dation for more seamless rural-urban monitoring than 
previously possible.

The urban inventory will meet many of the needs 
participating cities have for strategic urban forest data 
used to enhance urban forest planning and manage-
ment to sustain forest health and benefits for future gen-
erations. Communities with interest in subpopulation 
estimates (i.e., domains) should consider whether the 
precision of FIA urban inventory meets their needs. 
For example, a city primarily interested in park trees 
may find estimates for that subpopulation insuffi-
ciently precise for their purposes. In cases where better 
precision is desired, it is advantageous to define these 
areas separately and tailor the sampling independently. 
This intensification may be achieved through more 
flexible programs like i-Tree Eco, where it is possible 
to design a project specially to address a subpopulation 
of interest.

Standardized data collection in the urban inventory 
will address a shortcoming that has limited earlier ef-
forts at state, regional, and national urban forest as-
sessments. Cities with inventories have conducted 
those inventories independently, and different data col-
lection practices have been applied. For example, some 
cities may have collected data on all ownerships or 
land uses, whereas other focused on select ownerships 
or land uses (Cumming et al. 2008). The standardiza-
tion that FIA is applying in the urban inventory will 

http://www.fia.fs.fed.us/program-features/urban/
http://www.fia.fs.fed.us/program-features/urban/
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strengthen state, regional, and national urban forest 
assessments in support of informed urban natural re-
source management, strategic planning, and policy-
making. For example, states prepare Forest Action Plans 
that inform application for federal funding through 
the Forest Service State and Private Forestry Program. 
In preparing their Forest Action Plan for 2020, Texas 
A&M Forest Service used results from the recently 
completed urban inventories of Austin and Houston 
as a source of urban forest condition information. The 
use of urban inventory data with high-resolution im-
agery was identified as a strategy to meet the objective 
of monitoring the impact of land-use change on urban 
forests and achieve the goal of strengthening urban 
and community forest health and biodiversity for long 
term resilience (Texas A&M Forest Service 2020).

Conclusions
The FIA program is expanding to meet the need for 
more information on the growing and important US 
urban forest population. Although still being refined, 
the program has been tested and shown to provide 
important information regarding urban forest popula-
tions and their values. Currently, 40 cities are being 
monitored as part of the urban FIA program with 
more cities being added each year. Although the base-
line information regarding each city’s urban forest is 
important, a more important value will be realized 
when plot remeasurement data are analyzed. These 
data on urban forest change will provide important in-
formation for managers to help guide or mitigate forest 
and environmental changes to desirable outcomes. As 
urban areas expand and environmental conditions 
change (e.g., weather, insects and diseases, fire regimes, 
invasive plants), monitoring urban forest change will 
be essential to sustaining both forest health and the 
health and well-being of a growing and vastly urban 
US population.

Acknowledgments
Funding to support this effort was provided in part by the 
USDA Forest Service Project 15 FIA–Forest Biometrics 
Program Support (RJVA 15-JV-11242305-100) and 
Minnesota Agricultural Experiment Station Project MIN-
42-078. We thank Jason Henning of Davey Institute who
contributed to discussions on the article concept and pro-
vided feedback on early drafts. We thank the FIA program
managers for their review. The concept for the article was
shared equally by all authors. All authors contributed to the
design and inclusion of ideas in the article. CE led the writing

process with all authors contributing to editing. All authors 
contributed to the response to reviews and revision process.

Literature Cited
Bechtold, W.A., and C.T. Scott. 2005. The forest inventory 

and analysis plot design. P. 27–42 in The enhanced forest 
inventory and analysis program – national sampling de-
sign and estimation procedures, W.A.  Bechtold and 
P.L. Patterson (eds.). USDA Forest Service Gen. Tech. Rep. 
SRS-80, Southern Research Station, Asheville, NC.

Corona, P. 2016. Consolidating new paradigms in large-scale 
monitoring and assessment of forest ecosystems. Environ. 
Res. 144:8–14.

Cumming,  A.B., D.J.  Nowak, D.B.  Twardus, R.  Hoehn, 
M. Mielke, and R.  Rideout. 2007. Urban forests of
Wisconsin 2002: Pilot monitoring project 2002. USDA
Forest Service NA-FR-05-07, Northeastern Area State
and Private Forestry, Newtown Square, PA.

Cumming,  A.B., D.B.  Twardus, and D.J.  Nowak. 2008. 
Urban forest health monitoring: Large-scale assessments 
in the United States. Arboric. Urban For. 34(6):341–346.

Duffin,  E. 2019. Forecast on urbanization in the United 
States 2000–2050. Statista. Available online at https://
www.statista.com/statistics/678561/urbanization-in-the-
united-states/#:~:text=In%202015%2C%20about%20
82.7%20percent,2050%20will%20be%2087.4%20per-
cent; last accessed September 1, 2020.

Dwyer,  J.F., D.J.  Nowak, M.H.  Noble, and S.M.  Sisinni. 
2000. Connecting people with ecosystems in the 21st 
century: An assessment of our nation’s urban forest. 
USDA Forest Service Gen. Tech. Rep. PNW-490, Pacific 
Northwest Research Station, Portland, OR.

Edgar,  C.B., J.A.  Westfall, P.A.  Klockow, J.G.  Vogel, and 
G.W.  Moore. 2019. Interpreting the effects of multiple, 
large-scale disturbances using national forest inventory 
data: A case study of standing dead trees in east Texas, 
USA. For. Ecol. Manage. 437:27–40.

Gillespie, A.J.R. 1999. Rationale for a national annual forest 
inventory program. J. For. 97(12):16–20.

Hershey, R.R., and T. Birch. 1996. Method for identifying 
the urban forest from forest inventory and analysis 
data. P. 59–71 in Conference proceedings, the Empire 
Forest – change and challenges, November 13–14, 
1995, Syracuse, NY, L.  Abrahamson, W.  Aikman, 
and R.  Whaley (compilers). State University of New 
York, College of Environmental Science and Forestry, 
Syracuse, NY.

Hirabayashi,  S. 2012. i-Tree Eco precipitation interception 
model descriptions. Available online at https://www.
itreetools.org/eco/resources/iTree_Eco_Precipitation_
Interception_Model_Descriptions.pdf; last accessed July 
31, 2019.

i-Tree. 2020. About i-Tree. Available online at https://www.
itreetools.org/about; last accessed January 8, 2020.

https://www.statista.com/statistics/678561/urbanization-in-the-united-states/#:~:text=In%202015%2C%20about%2082.7%20percent,2050%20will%20be%2087.4%20percent
https://www.statista.com/statistics/678561/urbanization-in-the-united-states/#:~:text=In%202015%2C%20about%2082.7%20percent,2050%20will%20be%2087.4%20percent
https://www.statista.com/statistics/678561/urbanization-in-the-united-states/#:~:text=In%202015%2C%20about%2082.7%20percent,2050%20will%20be%2087.4%20percent
https://www.statista.com/statistics/678561/urbanization-in-the-united-states/#:~:text=In%202015%2C%20about%2082.7%20percent,2050%20will%20be%2087.4%20percent
https://www.statista.com/statistics/678561/urbanization-in-the-united-states/#:~:text=In%202015%2C%20about%2082.7%20percent,2050%20will%20be%2087.4%20percent
https://www.itreetools.org/eco/resources/iTree_Eco_Precipitation_Interception_Model_Descriptions.pdf
https://www.itreetools.org/eco/resources/iTree_Eco_Precipitation_Interception_Model_Descriptions.pdf
https://www.itreetools.org/eco/resources/iTree_Eco_Precipitation_Interception_Model_Descriptions.pdf
https://www.itreetools.org/about
https://www.itreetools.org/about


94 Journal of Forestry, 2021, Vol. 119, No. 1

McRoberts, R.E., W.A. Bechtold, P.L. Patterson, C.T. Scott, 
and G.A. Reams. 2005. The enhanced Forest Inventory 
and Analysis program of the USDA Forest Service: 
Historical perspective and announcement of statistical 
documentation. J. For. 103(6):304–308.

Nowak,  D.J. 1994. Urban forest structure: The state of 
Chicago’s urban forest. P. 3–18 In Chicago’s urban forest 
ecosystem: Results of the Chicago urban forest climate 
project, E.G. McPherson, D.J. Nowak, and R.A. Rowntree 
(eds.). USDA Forest Service Gen. Tech. Rep. NE-186, 
Northeastern Forest Experiment Station, Radnor, PA.

Nowak,  D.J., A.R.  Bodine, R.E.  Hoehn, C.B.  Edgar, 
D.R. Hartel, T.W. Lister, and T.J. Brandeis. 2016. Austin’s
urban forest, 2014. USDA Forest Service Resource
Bulletin NRS-100, Northern Research Station, Newtown
Square, PA.

Nowak, D.J., A.R. Bodine, R.E. Hoehn, C.B. Edgar, G. Riley, 
D.R.  Hartel, K.J.  Dooley, et  al. 2017. Houston’s urban
forest, 2015. USDA Forest Service Resources Bulletin
SRS-211, Southern Research Station, Asheville, NC.

Nowak,  D.J., and D.E.  Crane. 2000. The Urban Forest 
Effects (UFORE) model: Quantifying urban forest 
structure and functions. P. 714–720 in Integrated tools 
for natural resource inventories in the 21st century, 
M.H. Hansen and T.E. Burk (eds.). USDA Forest Service
Gen. Tech. Rep. NC-212, North Central Research
Station, St. Paul, MN.

Nowak,  D.J., A.B.  Cumming, D.  Twardus, R.E.  Hoehn, 
T.J. Brandeis, and C.M. Oswalt. 2012a. Urban forests of 
Tennessee. USDA Forest Service Gen. Tech. Rep. SRS-149, 
Southern Research Station, Asheville, NC.

Nowak,  D.J., A.B.  Cumming, D.  Twardus, R.  Hoehn, and 
M. Mielke. 2007. National Forest Health Monitoring
program, monitoring urban forests in Indiana: Pilot
study 2002, part 2: Statewide estimates using the UFORE
model. USDA Forest Service NA-FR-01-07, Northeastern
Area State and Private Forestry, Newtown Square, PA.

Nowak,  D.J., and E.J.  Greenfield. 2018a. Declining urban 
and community tree cover in the United States. Urban For. 
Urban Greening 32:32–55.

Nowak, D.J., and E.J. Greenfield. 2018b. U.S. urban forest 
statistics, values and projections. J. For. 116(2):164–177.

Nowak,  D.J., E.J.  Greenfield, R.  Hoehn, and E.  LaPoint. 
2013. Carbon storage and sequestration by trees in urban 
and community areas of the United States. Environ. 
Pollut. 178:229–236.

Nowak, D.J., R. Hoehn, D.E. Crane, and A. Bodine. 2012b. 
Assessing urban forest effects and values in the Great 
Plains States: Kansas, Nebraska, North Dakota, South 
Dakota. USDA Forest Service Resource Bulletin NRS-71, 
Northern Research Station, Newtown Square, PA.

Nowak,  D.J., R.E.  Hoehn, D.E.  Crane, J.C.  Stevens, 
J.T. Walton, and J. Bond. 2008a. A ground-based method 
of assessing urban forest structure and ecosystem services. 
Arboric. Urban For. 34(6):347–358.

Nowak,  D.J., M.H.  Noble, S.M.  Sisinni, and J.F.  Dwyer. 
2001. People and trees: Assessing the US urban forest re-
source. J. For. 99(3):37–42.

Nowak, D.J., D. Twardus, R. Hoehn, M. Mielke, J.T. Walton, 
D.E. Crane, A. Cumming, and J.C. Stevens. 2006. Urban
forest health monitoring in the United States. P. 41–47
in Proceedings of the sixth annual Forest Inventory and
Analysis symposium, September 21–24, 2004, Denver,
CO. USDA Forest Service Gen. Tech. Rep. WO-70,
Washington Office, Washington, DC.

Nowak,  D.J., J.T.  Walton, J.F.  Dwyer, L.G.  Kaya, and 
S. Myeong. 2005. The increasing influence of urban
environments on US forest management. J. For.
103(8):377–382.

Nowak,  D.J., J.T.  Walton, J.C.  Stevens, D.E.  Crane, and 
R.E.  Hoehn. 2008b. Effect of plot and sample size on 
timing and precision of urban forest assessments. Arboric. 
Urban For. 34(6):386–390.

Patterson,  P.L., and G.A.  Reams. 2005. Combining panels 
for Forest Inventory and Analysis estimation. P. 69–74 
in The enhanced Forest Inventory and Analysis pro-
gram – national sampling design and estimation pro-
cedures, W.A. Bechtold and P.L. Patterson (eds.). USDA 
Forest Service Gen. Tech. Rep. SRS-80, Southern Research 
Station, Asheville, NC.

Reams,  G.A., W.D.  Smith, M.H.  Hansen, W.A.  Bechtold, 
F.A. Roesch, and G.G. Moisen. 2005. The Forest Inventory 
and Analysis sampling frame. P. 11–26 in The enhanced 
Forest Inventory and Analysis program – national sam-
pling design and estimation procedures, W.A.  Bechtold 
and P.L. Patterson (eds.). USDA Forest Service Gen. Tech. 
Rep. SRS-80, Southern Research Station, Asheville, NC.

Riemann, R. 2003. Pilot inventory of FIA plots traditionally 
called ‘nonforest’. USDA Forest Service Gen. Tech. Rep. 
NE-312, Northern Research Station, Newtown Square, 
PA.

Scott,  C.T., W.A.  Bechtold, G.A.  Reams, W.D.  Smith, 
J.A.  Westfall, M.H.  Hansen, and G.G.  Moisen. 2005. 
Sample-based estimators used by the Forest Inventory 
and Analysis national information management systems. 
P. 43–67 in The enhanced Forest Inventory and Analysis
program – national sampling design and estimation pro-
cedures, W.A. Bechtold and P.L. Patterson (eds.). USDA
Forest Service Gen. Tech. Rep. SRS-80, Southern Research
Station, Asheville, NC.

Staudhammer,  C.L., F.J.  Escobedo, and A.  Blood. 2018. 
Assessing methods for comparing species diversity from 
disparate data sources: The case of the urban and peri-
urban forests. Ecosphere 9(10):E02450.

Texas A&M Forest Service. 2020. Forest Action Plan: 
A  comprehensive analysis of forest-related conditions, 
trends, threats, and opportunities in Texas a strategy to 
address them. Available online at https://texasforestinfo.
tamu.edu/ForestActionPlan/docs/ForestActionPlan--
draft--01Jul2020.pdf; last accessed September 17, 2020.

https://texasforestinfo.tamu.edu/ForestActionPlan/docs/ForestActionPlan--draft--01Jul2020.pdf
https://texasforestinfo.tamu.edu/ForestActionPlan/docs/ForestActionPlan--draft--01Jul2020.pdf
https://texasforestinfo.tamu.edu/ForestActionPlan/docs/ForestActionPlan--draft--01Jul2020.pdf


95Journal of Forestry, 2021, Vol. 119, No. 1

US Census Bureau. 2012a. Growth in urban population 
outpaces rest of nation. Available online at https://www.
census.gov/newsroom/releases/archives/2010_census/
cb12-50.html; last accessed April 24, 2019.

US Census Bureau. 2012b. 2010 Census urban area FAQs. 
Available online at https://www2.census.gov/geo/pdfs/refer-
ence/ua/2010ua_faqs.pdf; last accessed October 14, 2019.

US Census Bureau. 2017. Urban areas quickfacts. Available 
online at https://www.census.gov/programs-surveys/geog-
raphy/guidance/geo-areas/urban-rural/ua-quickfacts.
html; last accessed February 11, 2020.

USDA Forest Service. 2016. Forest inventory and analysis stra-
tegic plan. FS-1079. USDA Forest Service, Washington, DC.

Vespa,  J., L.  Medina, and D.M.  Armstrong. 2020. 
Demographic turning points for the United States: 

Population projections for 2020 to 2060. US Census 
Bureau P25-1144. Available online at https://www.census.
gov/content/dam/Census/library/publications/2020/
demo/p25-1144.pdf; last accessed September 1, 2020.

Wang, J., T.A. Endreny, and D.J. Nowak. 2008. Mechanistic 
simulation of tree effects in an urban water balance 
model. J. Am. Water Resour. Assoc. 44(1):75–85.

Westfall,  J.A., P.L.  Patterson, and C.B.  Edgar. 2018. 
Integrating urban and national forest inventory 
in support of rural-urban assessments. Forestry 
91(5):641–649.

Westfall, J.A., S.A. Pugh, and J.C. Coulston. 2013. Conducting 
tests for statistically significant differences using forest in-
ventory data. USDA Forest Service Research Paper NRS-
22, Northern Research Station, Newtown Square, PA.

https://www.census.gov/newsroom/releases/archives/2010_census/cb12-50.html
https://www.census.gov/newsroom/releases/archives/2010_census/cb12-50.html
https://www.census.gov/newsroom/releases/archives/2010_census/cb12-50.html
https://www2.census.gov/geo/pdfs/reference/ua/2010ua_faqs.pdf
https://www2.census.gov/geo/pdfs/reference/ua/2010ua_faqs.pdf
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural/ua-quickfacts.html
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural/ua-quickfacts.html
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural/ua-quickfacts.html
https://www.census.gov/content/dam/Census/library/publications/2020/demo/p25-1144.pdf
https://www.census.gov/content/dam/Census/library/publications/2020/demo/p25-1144.pdf
https://www.census.gov/content/dam/Census/library/publications/2020/demo/p25-1144.pdf

