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Abstract. Timber harvest is an important ecological disturbance that influences species composition,
understory conditions, stand structure and growth, and carbon dynamics. Regional variation in harvest
regimes and the associated ecological consequences are linked to social and biophysical attributes of the
landscape. We analyzed three decades of change in commercial timber harvesting on all private and public
forest throughout 328 towns in Massachusetts (USA). We quantified changes in harvest activity over time
and estimated probability of harvest occurrence and proportion of a town’s harvest as functions of bio-
physical and social settings. We found little evidence of any temporal trends in harvest activity at the state
or town scale. Across the suburban—rural interface, the probability of harvest occurrence on private land
was consistently a function of the proportion of a town’s land in forest and the distance to the urban center
(Boston). The proportion of private land in a town subject to harvest was negatively related to a town’s
median household income. There was a significant difference in the proportion of private forest harvested
in suburban vs. rural towns. The proportion of public forest subject to harvests was not related to any of
the variables we examined. Total statewide estimates of commercial timber that fail to account for the
suburban-rural transition may overestimate available or potential volume. Ecologically, the timber harvest
disturbance regime in landscapes dominated by private ownership is strongly influenced by
socioeconomic factors such as affluence and proximity to urban development, unlike other forms of natural
disturbance typical of the region (e.g., wind).
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INTRODUCTION

Forest ownership across the USA is a complex
mix of public, private commercial, and private
non-industrial, with the largest single category
being private non-corporate (also often referred
to as family forest). Family forests dominate the
eastern states where there is a paucity of federal
ownership (Butler and Ma 2011). The manage-
ment of forests, especially the harvest behavior,
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can have a significant effect on the corresponding
structure and composition of the forest. Indeed,
in northeastern U.S. forests, harvest is a larger
cause of mature tree mortality than all other
causes combined (Canham et al. 2013). Like
other important agents of forest disturbance, the
modern harvest regime varies with respect to for-
est composition and biomass, and produces
stands of varying age structure and species com-
position. But unlike many “natural” disturbance
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regimes, harvest regimes vary by both biophysi-
cal and social drivers (Thompson et al. 2017).
Harvest behavior on public (i.e., federal, state, or
municipally owned) forest may be quite differ-
ent, depending on agency mandate, management
objectives, and the complex decision-making
process. We hypothesize that patterns and dri-
vers of harvesting vary along social, ownership,
and biophysical gradients. An improved under-
standing of these gradients will contribute to a
stronger understanding of contemporary forest
dynamics.

We quantified the extent and nature of harvest
over 30 yr in the State of Massachusetts, spanning
a dynamic suburban-rural interface. Document-
ing the historical patterns of harvesting over such
large spatial and temporal extents enabled us to
explore parallel and important phenomena: (1)
timber harvest as an important ecological distur-
bance regime and (2) timber harvest as an impor-
tant land-use regime and provisioning ecosystem
service. The goal of this study was to understand
how these roles have changed over 30 yr across
rural and suburbanizing landscapes.

Background

McDonald et al. (2006) studied commercial
harvesting in Massachusetts and determined that
road density and median home price were the
most important predictors of timber harvest
probability between 1983 and 2003. They con-
cluded that “Current forest management regimes
are determined largely by the economic influence
of nearby urban centers,” implying the negative
impact on harvest of development, and the
importance of forests for their amenity and aes-
thetic values rather than wood products. This is
not unique to Massachusetts. Wear et al. (1999)
estimated that the probability of a commercial
timber sale in Virginia was reduced to zero once
population density approaches 58 people/km?.
Munn et al. (2002) studied the effect of various
suburban attributes on harvest probability in the
south central region of the USA (Alabama,
Arkansas, Louisiana, Mississippi, eastern Okla-
homa, Tennessee, and eastern Texas) and con-
cluded that “Harvesting rates decreased by as
much as 19% as population densities increased
or distance to urban areas decreased. The results
indicated that active forest management is cur-
tailed far beyond the urban boundary.” In
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western Oregon, Kline et al. (2004) explored har-
vest patterns in the wildland—urban interface
and identified that building density on non-
federal land had a significant and negative effect
on the probability of pre-commercial thinning,
but not on commercial harvest. Physical attri-
butes of the landscape, such as roads and homes,
appear to consistently influence the likelihood of
harvest in these rural-suburban interfaces.

The social context of a forest landscape can sig-
nificantly alter the harvest regime. Across the
northeastern United States, the probability of har-
vest on family forest is 25% less than on corpo-
rate-owned lands, but twice as much as on public
land (Thompson et al. 2017). Butler et al. (2010)
investigated what they referred to as the social
availability of timber in the same region and esti-
mated a reduction factor for the total potential
timber volume, based on attributes such as popu-
lation density, parcel size, and landowner atti-
tudes toward harvest. They concluded that the
total potential available timber volume in Mas-
sachusetts could be reduced by as much as 67%
based on these social factors, and 59.6% in the
broader 20-state region. “Woodland neglect” or
“under-management” was described as an expli-
cit social practice in the United Kingdom (Dandy
2016), whereby private owners intentionally do
not to manage their timber. Similarly, loggers and
timber procurement managers were surveyed in
northern New England and queried about the
potential effects of sprawl development on timber
availability (Egan et al. 2007). “Results suggested
concern about sprawl among approximately one-
half of the logger respondents in the region, par-
ticularly in New Hampshire, where 60% of
respondents indicated that there will be less log-
ging in their area in 10 yr because of sprawl.”

Bliss (2003) argued that family forests are
threatened by parcelization and fragmentation at
the urban fringe, and this issue is greater than a
simple matter of economics or management of a
parcel or woodlot. “The role of family forests in
the wider context of landscape, culture, and rural
economy” warrants attention (Bliss 2003). Dec-
line in the traditional approaches to forest man-
agement on family forest lands results in less
available timber to contribute to a local economy
and changes in ownership attitudes can lead to
closing of traditional access by the public for
recreation (Stein et al. 2009).
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D’Amato et al. (2010) also studied the manage-
ment costs and returns of individual family forest
ownership in rural western Massachusetts, far
from the suburbanizing fringe. They simulated
growth and yield of stands, used real stumpage
prices and property tax costs of management, and
estimated that conventional forest management
would be insufficient to offset ownership costs,
unless properties were enrolled in a current-use
property tax program or the development rights to
the property had been eased. The notion that tim-
ber could “pay its way” for landowners did not
hold, without programmatic intervention or subsi-
dies. In the vast majority of cases including subur-
ban forest in eastern Massachusetts, harvest
activity is not affected by stumpage prices, but
there is some evidence that in rural areas stumpage
does affect aggregate harvest practices (Kittredge
and Thompson 2016). Loggers in Massachusetts
were surveyed, asking about the minimum sale
that they would agree to operate, and the mean
response was 2.1 ha (53 acres) or 59.5 m’
(17.1 Mbf; Kittredge et al. 1996). This response was
mediated, however, by the relative quality of the
timber. Ownerships with little high-quality timber
(that had been previously high-graded) were con-
sidered inoperable. Many additional social factors
have also been linked to the decision to harvest on
private land, including the owner’s age, income,
and educational attainment, generational transfer,
and whether or not the owner lives on the land
(Silver et al. 2015, Thompson et al. 2017).

Smaller ownerships in the suburbanizing areas
can mean more neighbors and visibility. Forest
management in the suburban fringe could be fur-
ther complicated by concerned neighbors and
local officials. The solution to this could be more
communication and proactive outreach to those
concerned, but this comes at an additional cost to
the private consulting forester (or the landowner
client) and can represent additional constraints
beyond merely timber quality and quantity (e.g.,
Edwards and Bliss 2003, Shelby et al. 2004). Col-
gan et al. (2014) referred to this notion of “forests
in the transition zone,” “where forests and peo-
ple strongly intermingle,” and argued the impor-
tance of these forests for the wealth of ecosystem
service benefits made available to large numbers
of people. They observed, however, that these
forests have been “relatively overlooked in terms
of research and management.”
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MATERIALS AND METHODS

Study area

Situated on the northeastern coast of the United
States, Massachusetts is densely populated and
densely forested, making it well suited to studies
of coupled human and natural systems (Fig. 1).
Roughly two-thirds of its more than 1.2 million
hectares of forest (66.9% of the state) is privately
held. Most private forest (84.3%) is in the private,
non-corporate category (i.e., private lands not
owned by corporate interests, including individu-
als, Native American lands, unincorporated part-
nerships, clubs, and lands leased by corporate
interests), while the balance is considered private
corporate (i.e., forest land that is administered by
entities that are legally incorporated, Smith et al.
2009). State agencies are responsible for more than
half of the public land (57.7%), while county and
municipal forest comprise 36.4%, and federal forest
is the remaining small fraction (Oswalt et al. 2014).

Families and individuals are the predominant
owners of private non-corporate lands (also
commonly referred to as non-industrial private or
private woodlands). Private ownerships are numer-
ous and small (an estimated 27,000 ownerships
>4 ha or 10 acres; mean ownership of 15.5 ha; But-
ler and Barnett 2014). As elsewhere in the United
States, Massachusetts forest owners place high pri-
ority on appreciative and non-consumptive benefits
and are well educated, and harvest revenue is not
considered an important fraction of their overall
income (Belin et al. 2005, Butler 2008, Rickenbach
and Kittredge 2009). Between these prevalent non-
consumptive ownership goals and the lack of a crit-
ical mass of industrial forest, the sawmill industry
is small (e.g., 30 sawmills in 2006; De la Cretaz et al.
2010) and there are no pulp mills.

Harvest data

We analyzed a unique database that describes
all public and private commercial timber sales in
Massachusetts (1 = 20,544) between 1984 and
2013. Commercial harvest is regulated through the
state’s Forest Cutting Practices Act, which dictates
that a Forest Cutting Plan (FCP) be submitted for
each timber sale >87 m> (25,000 board feet, Mbf).
This regulation only applies to operations that
result in a property that remains in forest land use.
Changes in land use (e.g., forest conversion to
developed use) are not documented by FCPs.
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Fig. 1. Massachusetts towns by percent forest land cover, based on the 2011 National Land Cover Database.
The hashed area was excluded from the study (see text for details).

These regulations are overseen by the state’s
Bureau of Forestry, and submitted FCPs are
reviewed by county foresters and approved if
found in compliance with the regulations. Esti-
mates of area treated and volume removed are
provided, but not confirmed by the county fores-
ter, unless they appear to be excessively inaccurate.
Since these data are regulatory, and not gathered
or compiled for research purposes, they may not
represent the absolute total of harvest activity, but
Massachusetts is a small, densely populated state,
and unregulated logging is easily noticed. To date,
these data have been used to explore patterns in
harvest in several ways (Kittredge et al. 2003,
McDonald et al. 2006, 2008, Thompson et al. 2011,
Blumstein and Thompson 2015, Kittredge and
Thompson 2016). This study expands on previous
efforts, considering a longer time period and the
dual phenomena of harvest as an ecological distur-
bance and as a source of timber.

Massachusetts is divided into a political and
geographic lattice of 351 cities and towns
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(hereafter referred to as towns). We aggregated
FCP data by town and by broad ownership class
(public [municipal, state, federal] or private [non-
industrial private, trusts, corporate, industrial]).
Forest ownership statewide is distributed into
these categories: federal (1.9%), state (19.1%),
county and municipal (12%), private corporate
(10.5%), and non-industrial private (56.4%;
Oswalt et al. 2014). These ownership classes are
not evenly distributed between all towns. For
purposes of a statewide analysis, coarser public/
private aggregation was made, ensuring that
almost all towns had some of each ownership
class. This aggregation provided an estimate of
the area (ha) and number of harvest events,
annually, by public and private ownership for
each town. In many towns, commercial harvest
activity is rare, such that annual harvest analysis
includes many zero values. To facilitate statistical
analyses, data were binned into five-year classes
for each town, providing an estimate of the area
and number of events, by public and private

July 2017 ** Volume 8(7) ** Article e01882



ownership, for each town for six individually
analyzed time periods: 1984-1988, 1989-1993,
1994-1998, 1999-2003, 2004-2008, and 2009-
2013. We plotted annual values and examined
alternative temporal windows to ensure that the
selection of these particular time periods did not
affect the results (Appendix S1: Fig. S1).

We excluded 23 of the 351 Massachusetts towns
that are economically and biogeographically dis-
tinct from the rest of the state and have an acute
lack of forest and harvest activity. These included
the island towns on Nantucket and Martha’s
Vineyard (both islands off the Massachusetts
coast), as well as towns on Cape Cod (a densely
populated and highly developed peninsular
coastal tourist region), resulting in 328 towns in
this analysis, representing an overall area of
19,479 km?. The mean area of a town is 59.4 km?
(minimum = 3.0 km?, maximum = 265.8 km?, and
standard deviation = 33.5 km?).

Land-use data

To estimate forest area for each town during
each of the six time periods, we calculated the per-
cent forest cover from the best available land-cover
maps representing the closest time period
(Table 1). Estimates of forest area for 1985 (use for
the first period) and 1999 (use for the second and
third) were derived from photo-interpreted aerial
photography for Massachusetts (MacConnell et al.
1991, MassGIS 2015). National Land Cover Data
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(NLCD) was used to derive estimates of forest area
for 2001, 2006, and 2011 (Homer et al. 2015), which
were used for the fourth, fifth, and sixth period,
respectively. NLCD estimates were derived using a
different rubric and thus are not directly compara-
ble to earlier estimates of photo-interpreted land
cover. Both methods nonetheless provide a reliable
estimate of the forest cover in each town during
each of the six time periods. These estimates were
compared to the total land area in each town to
derive an estimate of the percent forest by town
for each of the six time periods we analyzed.

To estimate the amount of public and private
forest land in each town, we compared the
amount of forest land within private and public
ownership to the total forest area. For each time
period, we combined these estimates of public
and private forest area with town harvest data to
generate estimates of the proportion of public
and private forest harvested in each town for
each time period. Estimates of ownership were
acquired from the Protected and Recreational
Open Space maintained by MASSGIS.

Demographic data

We assembled a wide variety of socioeconomic
and demographic data hypothesized to impact
harvesting (see review in Introduction), by town,
for a variety of points in time. These included
number of residential building permits/ha (2000,
2006, 2012); median household income (1979,

Table 1. Independent variables used within regression models for 328 towns in Massachusetts.

Parameters Variable Mean Standard error Source

Percent forest 1985 55.4 1.23 MassGIS

1999 52.5 1.24 MassGIS

2001 56.5 1.35 NLCD

2006 56.5 1.36 NLCD

2011 56.4 1.36 NLCD
Median household income ($) 1979 20,509 564 U.S. Censust

1989 42,411 648 U.S. Censust

1999 59,285 1,035 U.S. Censust

2006-2010 76,908 1,298 U.S. Censust

Distance from Boston (km) 74.5 2.9 Considering each town as a polygon,

the linear distance from each town’s
polygon centroid to Boston (km)

Notes: NLCD, National Land Cover Data. Household income from the 1980 to 2000 decennial Census refers to income the
previous year (1979, 1989, and 1999). Household income from the American Community Survey refers to income earned during
the 12 months prior to completing the questionnaire. Incomes were adjusted for inflation using the annual average consumer
price index for all urban consumers compiled by the U.S. Department of Labor, Bureau of Labor Statistics: 1979 = 72.6;
1989 = 124.0; 1999 = 166.6; and 2010 = 218.1, where the 1982-1984 average = 100.

+ 1980 Census Summary Tape File 3 (STF3); 1990 Census Summary File 3 (SF3); 2000 Census Summary File 3 (SF3); 2010
American Community Survey (ACS) five-year Summary File.
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1989, 1999, 2006-2010); median home price (2000,
2005, 2013); population density (1980, 1990, 2000,
2010); road density (2013; km/km?); and distance
to Boston (km). We compared them all through
Pearson’s correlation to avoid using those that
were highly intercorrelated (i.e., 1| > 0.7, sensu
Dormann et al. 2013) in the same statistical
model. Many of these variables exceeded this
threshold. The two variables that contained the
most independent information and were broadly
reflective of the larger suite of variables were
median household income (1979, 1989, 1999,
2006-2010) and distance to Boston; therefore, we
included these as independent variables within
the regression model comparison and analyses.
See Table 1 for a description of data and sources.

Rural, suburban, and urban classification

Since population density, percent forest, and
other characteristics vary significantly between
metropolitan Boston and the rural portions of the
state, we classified all towns into rural, suburban,
or urban categories. We used a unique heuristic
developed by Short Gianotti et al. (2016) that is
based on landowner perceptions of their towns.
Short Gianotti et al. used a mail survey of
landowners in towns along two 100-km transects
that emanate from Boston and extend westward
across the urban-—rural interface. Landowners
were asked to self-identify as living in an urban,
suburban, or rural location. Subsequent analysis
of respondent impressions and customary vari-
ables used to describe urbanization (e.g., popula-
tion density, impervious surface area) identified a
model that predicted perceived urban-suburban
status well (with an accuracy of approximately
84%). According to respondent perceptions of
their town, those with population density
<94 people/km?* were classified as rural, between
94 and 1312 people/km” were classified as subur-
ban, and >1312 people/km® were urban. We
applied these definitions based on population
density data from 1980, 1990, 2000, and 2010 to
generate estimates of urban, suburban, and rural
communities through time. In addition to analyz-
ing the occurrence of harvest according to a vari-
ety of continuous variables (Table 1) that describe
towns, we also investigated the occurrence of har-
vesting in towns according to this classification to
better understand harvest differences between
suburban and rural conditions.
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Data analysis

To assess temporal trends in the proportion of
study towns supporting one or more harvests
within a time period throughout the past 30 yr, we
fit a linear model where the dependent variable
was the percent of towns with one or more harvest
events in a time period and the independent vari-
able was the series of five-year time periods. We
did this separately for public and private harvests.
Similarly, to understand whether there was a tem-
poral trend in the average extent of towns’ forest
subject to harvest, we fit a linear model to the time
series of average harvest extents (i.e., the mean per-
cent of private or public lands harvested across all
study towns). Next, to understand whether there
was a significant temporal trend in harvest activity
in each of the individual towns, we fit linear mod-
els of the harvest extent across the times series
within each town. We then mapped the location of
towns with and without a significant increasing or
decreasing trend (P < 0.1).

For each of the six time periods, we then evalu-
ated a series of regression models characterizing
the relationships between harvest activity and
the independent variables described in the demo-
graphic and land-use data described above,
based on parsimony and explanatory power. We
fit and compared models that estimated the
probability that harvesting occurred in a town
during the time period (i.e, what probability
would generate the observed number of towns
with harvests, given the number of trials or
towns). Next, using only those towns where
harvesting occurred during the time period, we
fit and compared models that estimated the pro-
portion of forest land in a town that supported
harvesting within each time period. We con-
ducted these analyses separately for private and
public forests. We used a model comparison pro-
tocol that tested a hierarchy of models of increas-
ing complexity using an information theoretic
approach and the Akaike information criterion
(AIC; sensu Burnham and Anderson 2002). For
each time period, we first fit a null model that
included only the mean of the response, and
compared this to a suite of models that included
one, two, and three predictor variables. We
report the AIC statistic and the Akaike weights
(w;), which are the weight of evidence in favor of
model 7 being the actual best model, given the
suite of models examined.
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We used an exponential model to describe the
probability of a town including harvests as a
function of the percent forest in the town (sensu
Canham et al. 2013):

Prob(logging;) =1 — [ae””x"b] (1)

where X; is percent forest in the ith town and g,
m, and b were estimated parameters. The param-
eters specify the effective probability of harvest
as a function of percent of a town that is forested.
Alternate models specified the X, a, m, and b
parameters as functions of combinations of the
predictor variables. The likelihood function for
the frequency models was:

Log likelihood

- log(Prob(logging;))
Z log(1 — Prob(logging;)) iftowniwasnotlogged

@

We assessed the goodness of fit of the fre-
quency models based on the coefficient of deter-
mination, D = 7ty — 7o, denoting the average of
the fitted probability estimates for successes
(towns with harvest) minus the average of the
fitted probability estimates for the failures
(towns without harvest; Tjur 2009).

When fitting and comparing models of the
harvest proportion, we used the negative expo-
nential form to compare against:

iftowniwaslogged

100 pus == Private

= Public

75- ’__/\_‘\

50 -

25-

Percentage of towns with harvest

P
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FH; = aexp(—mX?)

where FH = forest harvested as the proportion of
that class of forest (private or public) subject to
harvest in the period, X; is the predictor variable
(e.g., proportion of forest in a town) in the ith
town, and 4, m, and b were estimated parameters.
Again, we compared a null “means model” to
alternate models that specified the X;, a, m, and b
parameters as functions of combinations of the
predictor variables. For each model, we report the
AIC, the w;, and the R?. The likelihood function for
the proportion models was gamma-distributed.
We solved for the maximum-likelihood values of
the parameters in both sets of models using 20,000
iterations of simulated annealing in the Likelihood
library (Murphy 2015) for the R statistical software
package (R Development Core Team 2016).

REsuLTs

Harvest patterns over time

In any given five-year period, between 64.0%
and 73.5% of towns experienced one or more har-
vests on private forestland with no significant
trend over time (P = 0.61). The occurrence of har-
vest was lower on public forest (ranging from
30.8% to 42.2%) with no significant temporal trend
(P = 0.21; Fig. 2). For those towns that had harvest
within a time period, the average percent of towns’

100- B
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(0]
(®)]
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g 50-
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o
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Fig. 2. (A) Percent of eligible towns that experienced a harvest during each time period. (B) For only those
towns that had >1 harvest in a time period, the average percent of towns’ public or private forest area that sup-
ported harvest throughout that time period. Error bars = 95% CI for the mean.
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forest area that supported harvest ranged from The analysis of changes in the harvest extent
3.3% to 7.3% for private lands and 5.1% to 7.0% for on private land within the individual towns
public lands, and neither the private extent nor the showed that, of the 328 study towns, 325 (93%)
public extent of harvesting had a significant tempo- had no temporal trend. Of the 23 with a signifi-
ral trend (P = 0.66, P = 0.71, respectively; Fig. 2). cant trend (P < 0.1), six (2%) increased over time

A Private

Harvest trends

I \o trend
I Decrease
- Increase
|:| No harvesting

= A
KX 2
A AKX . -
. ; . S © &
m Not included in analysis -

B Public

Fig. 3. Temporal trends in timber harvesting within Massachusetts towns during the past 30 yr on private (A)
and public (B) lands. Towns in red experienced a statistically significant (P < 0.1) negative trend in harvest activ-
ity across the six consecutive five-year time windows. Towns in blue had an increase in harvest activity. Light
gray towns had no harvest activity in any of the five-year time periods.
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Table 2. The probability of harvest on private land. and 17 (5%) decreased (Fig. 3A). There was no
apparent spatial pattern in the distribution of
these towns (Fig. 3A). Of the 325 study towns
1984-1988 (n = 328) with public forest, 304 (94%) had no temporal

Predictor variables AIC; w; D

Response mean (null 42184 0 0 trend, while four (1%) had a significant increas-
JoForest 24601 0 047 ing trend and 17 (5%) had a significant decreas-
DistBoston 318.84 0 019 . . .
HHMI 407.49 0 00s N8 trend.' Again, there was no apparent spatial
%Forest + DistBoston 19376 078 o058 Ppattern (Fig. 3B).

%Forest + HHMI 239.31 0 0.49

%Forest + DistBoston + HHMI 196.26 0.22 0.58

Probability of harvest.—In all six time periods,
1989-1993 (n = 328) the best model estimating the probability of har-

FesPonse mean (null) 424.46 0 0 vest on private forest in a given five-year period
oForest 27372 0 041 5 luded distance to Boston and the percent
DistBoston 336.4 0 0.17 f t in th Table 2). T .
HEMI 412.89 0 003 forest cover in the town (Table 2). In one time
%Forest + DistBoston 25201 088 o044 period (1994-1998), there was equal support for
%Forest + HHMI 267.32 0 043 a full model, which also contained household
DistBoston + HHMI 333.1 0 0.18 median income. The probability of harvest on
%Forest + DistBoston + HHMI 256.08 0.1

2 044 private land in a given five-year period is greater
1994-1998 (1 = 328) as percent forest and distance increase (Fig. 4).

Response mean (null) 385.5 0 0  There was no discernable difference between the
%Forest 238575 0 045 fjt of the best models among the six time periods.
DistBoston 278 0 02 To maximize the clarity of the presentation, we
HHMI 382.74 0 0.02 . .

0 . have not plotted the two-unit support intervals
JoForest + DistBoston 199.53  0.49 0.5 d th del fi di .
%% Forest + HHMI 23016 0 045 around the model fits (but see Appendix S1:
DistBoston + HHMI 3801 0 o2 TableSl forsupport intervals).

%Forest + DistBoston + HHMI 19944 051  0.52 Proportion of private forest harvested.—We

1999-2003 (1 = 328) excluded towns in which no private harvest

Response mean (null) 410.22 0 o occurred in a given five-year period, and esti-
%Forest 223.24 0 051 mated models to predict the proportion of a
DistBoston 319.49 0 0.18 town’s private forest that would host a harvest
HHMI 40845 0 001 (by area). In four of six time periods, the best
D i . . . 7 .
oForest + DistBoston 1988 085 056 1y5del estimating the proportion of a town’s pri-
%Forest + HHMI 218.64 0 0.52 .
DistBoston + HEIMI 350.74 0 01s Vvate forest area that would be harvested is based
o4Forest + DistBoston + HHMI 20233 0.5 056 On percent forest and median household income
20042008 (1 — 328) (Table 3). In 1994-1998 and in 2004-2008, the
Response mean (null) 42048 0 0 best model also included the distance to Boston.
9% Forest 250.8 0 046 Percent forest remains positively related to the
DistBoston 319.9 0 019 proportion of a town’s private forest that is
HHMI 409.3 0 0.04
%Forest + DistBoston 197 1 0.56
%Forest + HHMI 226.78 0 0.51 .
Table 2. Continued
DistBoston + HHMI 3777 0 02 1}6 c ontinued) i . e o
% + Di n otes: Comparison of logistic regression models estimat-
oForest + DistBoston + HHMI 2545 0 04 ing the probability of harvest on private land during the speci-
2009-2013 (n = 328) fied time period. Bold text indicates the best model of those
Response mean (null) 4339 0 0 evaluated per the Akaike weights (w;). D denotes the coeffi-
%F + 24851 0 0.49 cient of determination, a statistic of model fit (see Materials
orores ) ) and Methods). %Forest: percent of town with forest land cover;
DistBoston 345.35 0 0.17  DistBoston: the Euclidian distance from the City of Boston to
HHMI 42397 0 0.03  the centroid of the town; HHMI: the area-weighted mean of
% Forest + DistBoston 211.09  0.87 0.5  census track household median income within the town; AIC,

Akaike information criterion.
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Fig. 4. Logistic models of the probability of harvest on private forest within six consecutive five-year periods,
based on both distance to Boston and percent forest in a town. Plot (A) shows the effect of distance to Boston
while forest cover is held constant at 55% (statewide mean value). Plot (B) shows the effect of percent forest cover
while the distance to Boston is held constant at the statewide mean value of 74 km.

harvested, and the town’s median household
income is negatively related (Fig. 5).

Public harvest

Probability of public harvest.—The models esti-
mating the probability of harvest on public forest
in a town have less explanatory power than those
developed for private land, as evidenced by the
lower D statistic (Table 4). The probability of pri-
vate harvest is most strongly and consistently esti-
mated by a combination of percent forest and
distance to Boston. The probability of public har-
vest does not have consistent predictor variables
between periods (Table 4), implying more varia-
tion and a lack of consistent influences. Percent
forest is always a relevant independent variable,
but either alone (two periods) or in combination
with distance to Boston (four periods).

Interestingly, in no five-year period does the
probability ever reach 1.0, and in some, it only
reaches as high as 0.6, even for heavily forested
towns (Fig. 6). Percent forest is strongly, consis-
tently, and positively related to the probability of
public harvest (Fig. 6), but nonetheless the prob-
ability never reaches 1.0 even in the most heavily
forested towns.
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Proportion of public forest harvested. —Models
estimating the proportion of a town’s public for-
est that hosts a harvest in a five-year period have
no explanatory power (R* < 0.01; Appendix S1:
Table S1). Since we were estimating the propor-
tion of forest that was harvested, we excluded
towns from the analysis that had no public
harvest in a given five-year period. In each time
period, the null model containing only the state-
wide average had the highest weight. In other
words, we found no biophysical or social vari-
ables that show a relationship to the proportion
of a town’s public forest that hosts a harvest. This
acute lack of a relationship implies that eastern
towns with relatively little forest that have a har-
vest are just as likely to have the same proportion
of public harvest as western towns with abun-
dant forest that have a harvest. While percent
forest and distance to Boston variously combine
to influence the probability of whether or not a
harvest will occur on public land (Table 4), the
relative proportion of a town’s public forest that
hosts a harvest appears to defy estimation based
on the social and biophysical variables we used,
and that were relevant in other models estimat-
ing harvest.
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Table 3. The extent of harvest on private land. (Table 3. Continued)
Predictor variables AIC; w; R? Predictor variables AIC; w; R?
1984-1988 (n = 217) DistBoston + HHMI 855.65 0 0.121
Null model 1091.48 0 0 %Forest + DistBoston + HHMI 819.51 0.32  0.294
0,
/O,FOI‘ESt 1013.36 0 0-265 Notes: Comparison of regression models estimating the pro-
DistBoston 1033.83 0 0113 portion of a town's private land subject to harvest within the
HHMI 1042.27 0 0149  specified time period. Bold text indicates the best model of
%Forest + DistBoston 1000.17 0 0.25  those evaluated per the Akaike weights (w;). %Forest: percent
forest + KM o732 084 0z Ol lown wilh fostland cover Dot the Euion 4
DistBoston + HHMI 102107 0 0167 y :

) HHMI: the area-weighted mean of census track household
%Forest + DistBoston + HHMI 976.5 0.16 0334  median income in the town; AIC, Akaike information criterion.

1989-1993 (n = 215)

Null model 1078.51 0 0 ..

ouForest 100676 0 o0n1p Harvest by rural and suburban cor-wdmons -
DistBoston 102995 0 0.098 Based on the land owner-defined classification
HHMI 104641 0 0115 of rural, suburban, and urban that we used (i.e.,
%Forest + DistBoston 100026 0.06 0206  after Short Gianotti et al. 2016, a function of pop-
%Forest + HHMI 99551 066 025  ylation density), there was a shift in the distribu-
DistBoston + HHMI 1028.89 0 0.13

tion of rural and suburban towns. Population
density data from 1980 indicate 128 rural, 172
1994-1998 (n = 239) suburban, and 28 urban towns. By 2010, the

%Forest + DistBoston + HHMI 997.28 027 0.24

ONull model 123784 0 O number of rural towns had declined to 104 and
D"if;isstton ﬁig:gz 8 82(2);1 the number of suburban towns had climbed to
HHMI 119858 0 0135 196 (Fig. 7). Between 1980 and 2010, there were
9%Forest + DistBoston 111419 039 0317 two towns that changed from suburban to rural
%Forest + HHMI 112896 0 0343 due to slight declines in population density (e.g.,
DistBoston + HHMI 113852 0 0231 116.2-89.5/km?), but the majority of the shift was
%Forest + DistBoston + HHMI ~ 1113.26  0.61 0.334  from the rural to suburban condition (i.e., 26
1999-2003 (1 = 225) towns). During this period, there was no change
Null model 1344402 0 0 in the number of urban towns (i.e., 28).
%Forest 126085 0 0.209 We compared the proportion of a town’s public
DistBoston 126196 00116 1 brivate forest harvested in the five-year periods
HHMI . 1asial 001 based on rural and suburban status (Fig. 8). We
%Forest + DistBoston 1229.82 0 0.209 . R N o yo
9, Forest + HHMI 120398 077 0274 Omitted consideration of harvest activity in urban
DistBoston + HHMI 1252.86 0 0158 towns since there were very few observations of

%Forest + DistBoston + HHMI 120635 0.23 0.243 harvest during the five-year periods (e.g., 0, 1, or
2004-2008 (1 = 218) 2). The proportion of private forest that was har-

Null model 1052.84 0 0  vested in rural towns was consistently significantly
%Forest 94616 0 0398 greater than that of private forest harvested in sub-
DistBoston 974.03 0 018  yrban towns (Fig. 8). In contrast, there was no dif-
HFMI ) 1027.08 0 0073 " farence in the proportion of public forest harvested
JoForest *+ DistBoston 92343 0.02 057941 1yra] and suburban towns. Though we observed
%Forest + HHMI 919.09 019 0414 . .

DistBoston + HHMI 07620 0 o01sa Aan increase in the number of suburban towns

%Forest + DistBoston + HHMI 9163 078 0401 Dbetween 1980 and 2010, private and public harvest
still occurred according to our metric of proportion

2009-2013 (n = 207 . .
( ) o of a town’s forest area harvested in a five-year

Null model 905.81 0 ; .

9% Forest 853.52 0 025 period. We did not analyze volume harvested or
DistBoston 863.23 0 0099 intensity of harvest (i.e,, m*/ha) to identify an over-
HHMI 866.67 0 0093 all statewide effect of this shift from rural to subur-
%0Forest + DistBoston 84428 0 0229  pan, since we were studying this phenomenon at
%Forest + HHMI 817.97 0.68 0.285

the town rather than statewide level.
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Fig. 5. Predicted proportion of a town’s private forest harvested in six consecutive five-year periods. Lines show
the best model for each time period. Note that the best model for two time periods (1994-1998 and 2004-2008) also
includes distance to Boston. Plot (A) shows the effect of percent forest cover while household median income (HHMI)
is held constant at the statewide mean value of $77,000. Plot (B) shows the effect of HHMI while forest cover is held
constant at 55% (statewide mean value). Plot (C) shows the effect of distance to Boston while percent forest and HHMI
are held constant at the statewide average. Plot (D) shows the 3D model surface for the 20092013 time period.
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Table 4. The probability of harvest on public land. (Table 4. Continued)
Predictor variables AIC; w; D Predictor variables AIC; w; D
1984-1988 (n = 325) DistBoston + HHMI 392.55 0 0.07
Null model 443.21 0 0 %Forest + DistBoston + HHMI 347.13 0.25 0.17
0,
/O,FOI‘ESt 35067 0 0.27 Notes: Comparison of logistic regression models estimat-
DistBoston 374.18 0 018 ing the probability of harvest on public land during the speci-
HHMI 423.71 0 0.05  fied time period. Bold text indicates the best model of those
9%Forest + DistBoston 334.35 0.81 0.31 evaluated per the Akaike weights (w;). D denotes the coeffi-
o cient of determination, a statistic of model fit (see Materials
/o.Forest - HHMI 34381 001 0.28 and Methods). %Forest: percent of town with forest land cover;
DistBoston + HEHMI 375.18 0 018 DistBoston: the Euclidian distance from the City of Boston to

%Forest + DistBoston + HHMI 337.3 018 032 the centroid of the town; HHMI: the area-weighted mean of
B census track household median income within the town; AIC,
1989-1993 (n = 325) Akaike information criterion.

Null model 431.12 0 0

Y%Forest 341.16 0.13 0.25

DistBoston 377.37 0 0.15

HHMI 2112 o o004 DiscussioN

%Forest + DistBoston 337.86 0.7 0.27

%Forest + HHMI 342.31 0.08 0.26 I_ack ofa temporal trend
DistBoston + HHMI 380.01 0 0.15

Thirty years of data for 328 contiguous towns
that span urban-to-rural circumstances affords
1994-1998 (n = 325) an excellent opportunity to observe the change

%Forest + DistBoston + HHMI 342.02 0.09 0.26

oNuu model 41528 0 O in probability of harvest over time. The data do
JoForest 350.98 0.52 0.17 . . .
DistBoston 391 46 0 00y Dot prov.lde a convincing 51gna.l qf a temppral
HHMI 4082 0 003 effect (Figs. 2A, B, 3A, B). This is surprising,
9% Forest + DistBoston 352.93 02 0.17 given that overall population densities increased
%Forest + HHMI 35252 024 017 between 1980 and 2010, and thus shifted 26
DistBoston + HHMI 395.11 0 008  towns from rural to suburban in the eastern and
%oForest + DistBoston + HHMI 35616 0.04 018  central portions of the state (Fig. 7), and there
1999-2003 (n = 325) are significant differences between the propor-
Null model 430.06 0 0 tion of a town’s private forest that is harvested in
%Forest 368.04 0 018 rural and suburban communities (Fig. 8). Should
gﬁﬁ?ton Z?g:?j 8 8(1); population density continue to increase, and
%%Forest + DistBoston 35286 097 0p4 MOTE towns shift from rural to suburban, our
% Forest + HHMI 3599 003 o021 results suggest that a downward trend in the
DistBoston + HHMI 390.98 0 0.12 proportion of a town’s private forest that is har-
%Forest + DistBoston + HHMI 36321  0.01 021 vested would be likely to follow. However, for
2004-2008 (1 = 325) the study period, our results do not indicate a
Null model 436.92 0 0 clear effect of time on harvest probability over
%Forest 34604 001 025 the past 30 yr. It is possible that the suburban-to-
DistBoston 87359 0 016 rural interface in Massachusetts is relatively
HHMI . 420 0 005 gtable in the period we observed, and more dra-
JoForest + DistBoston 33621 098 028 atic changes could have been evident earlier,
Y%Forest + HHMI 345.35 0.01 0.26 ’

DistBoston + HHMI 3753 0 018 under more dynamic sh1f’€s in communities from
9% Forest + DistBoston + HHMI  366.49 0 022 rural to suburban. Also, it is worth noting that

20092013 (n = 325) our metric of harvest activity (proportion of a

Null model 403.22 0 0 town.’s pul.olic or priva}te fqrest that hosts a har-
% Forest 346,78 0.3 0.17 Vvest in a five-year period) is rather conservative,
DistBoston 391.64 0 007 and it would only take one harvest in five years
HHMI 401.69 0 005 in a town to indicate harvest activity; also, it
%Forest + DistBoston 34713 025 016  does not speak to any potential changes in tim-
Y%Forest + HHMI 347.66 0.19 0.16

ber harvest intensity.
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Fig. 6. Predicted probability of harvest on public lands. (A) For the four models that use both percent forest
and distance to Boston, distance to Boston is held constant at the mean of 74 km. (B) For the four models that use
both percent forest and distance to Boston, percent forest is held constant at 55%. (C) Two models that rely only

on percent forest.

Overall occurrence or probability of harvest

In spite of being densely populated and domi- Massachusetts is being harvested and this man-
nated by small, private non-corporate owner- agement practice and ecological disturbance
ships typically thought of as being disinterested have been occurring consistently across the
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in harvest (e.g., Butler 2008), private land in
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Fig. 7. Distribution of rural, suburban, and urban towns, 1980 and 2010, based on population density after the
analysis of Short Gianotti et al. 2016 (i.e., rural < 94/km?; suburban 94-1321/km?; urban >1321/km2).

suburban—rural continuum over a 30-yr period.
The probability that private harvest will occur in
a town is predictable based on combined effects
of distance to Boston and the percent of forest
land use in a town. Public harvest probability is
similarly best estimated by the combination of
distance to Boston and the percent of forest in a

ECOSPHERE *%* www.esajournals.org

town. In two time periods, percent forest alone
represents the best model. While this land use is
logically related to the distance to Boston across
the rural-urban interface, it essentially met the
test of being included in the models with dis-
tance to Boston, due to correlations below 0.7
(r = 0.66, 0.70, 0.65, 0.67, and 0.67, respectively).
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Fig. 8. Proportion of a town’s public (A) or private (B) forest harvested in a five-year period, by rural or
suburban classification (after Short Gianotti et al. 2016), with 95% confidence intervals.

In all probability-of-harvest models estimated,
percent forest was a significant and positively
related variable. More heavily forested towns
have a higher probability of harvest of both pri-
vate and public land. Interestingly, however,
even under very high percentages of forest land
use, model estimates of public harvest probabil-
ity do not exceed 0.75 (Fig. 6). A heavily forested
town is not necessarily guaranteed a public har-
vest. Similarly, towns with <40% forest have less
than a 20% probability of public harvest (Fig. 6).
Percent forest has a differential effect on the
probability of harvesting on public or private for-
est. Said in another way, the ownership status of
a forest (i.e., whether public or private) has an
influence on its likelihood of harvest. The incon-
sistent relationship between increasing forest in a
town and probability of harvest is surprising and
raises questions about the public dialogue and
process surrounding public harvests in Mas-
sachusetts. The decision to harvest on private for-
est is relatively simple, involving one or several
owners, or perhaps spanning one or two genera-
tions. Reasons can vary, ranging from need for
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income, to enhancing wildlife habitat, or treating
a stand to improve future growth. The same rea-
sons can apply to public land, but the decision-
making process can be quite different, involving
agency procedures and mandate, local stake-
holder opinion, and diverse ownership objec-
tives. The difference in maximum probabilities
between private and public land, influenced by
percent forest and distance to Boston (Figs. 4, 6),
likely reflects the different relative complexities
of decision making and the vagaries of agency
mandate, public responsiveness, and diverse
stakeholder opinion. In this analysis, “public” is
admittedly a broad ownership category includ-
ing municipal, state, and federal agencies, and it
cannot be expected that they all make decisions
in similar ways. Public lands, however, are not
subject to the same intensity of parcelization and
division that can affect private properties,
though it is possible for towns to convert munici-
pally held forest to some other use (e.g., school,
playing fields). So larger public ownerships may
be more conducive to harvest than smaller, pri-
vate ones. In spite of this, at a distance of 50 km
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from Boston, probability of harvest on private
land in a town within a five-year time period is
between 60% and 80% (Fig. 4), but at the same
distance for public lands, the probability is as
low as 25-30% (Fig. 6). Public land harvest never
achieves a maximum of 100% regardless of loca-
tion, and appears more negatively impacted at
lesser distances to Boston.

Proportion of a town’s forest that is harvested

The proportion of a town that is forested is
similarly important for predicting the extent of
private forest harvested in a five-year period,
and this has been consistent over the past 30 yr
(Table 3). In four of six time periods, this variable
combined with a town’s median household
income provides the best model of the propor-
tion of private forest harvested. In two periods,
percent forest and median household income
were further combined with distance to Boston
to result in the best model. Interestingly, an
expression of a town’s relative affluence is influ-
ential in estimating the proportion of private for-
est harvested. Median household income has a
negative influence on the relative proportion of
private forest that sustains a harvest in most time
periods modeled (Fig. 5). While affluence is not a
factor in estimating overall probability, it is
meaningful in estimating the proportion of a
town’s private forest that would be harvested.

The proportion of a town’s public forest that
was harvested cannot be predicted by the bio-
physical and social variables we used. It cannot
be concluded that more distant rural towns, less
affluent towns, or those with more or less forest
cover will have a higher proportion of their pub-
lic forest harvested in a given five-year period.

Categorical analysis of the proportion of pri-
vate forest harvested by town and by suburban
and rural areas similarly showed significant dif-
ferences (Fig. 8). Since percent forest combined
with relative affluence results in the best estimate
of the proportion of private forest harvested in a
five-year period, it is not surprising that these
significant differences are found between rural,
suburban, and urban towns. It is, however, inter-
esting that though significantly different, there is
nevertheless a meaningful proportion of a town’s
private forest that supports harvest in a five-year
period in suburban areas. Private forest is
harvested at roughly half the rate in suburban
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towns, as in rural towns (Fig. 8). What is surpris-
ing is that though separated by 20 yr, the relative
proportions of private forest harvested are not
meaningfully different between suburban and
rural towns (Fig. 8). This difference in the pro-
portion of private harvest is constant, and not
changing through time. Private forest in subur-
ban towns is harvested at roughly the same rate
and shows no apparent erosive effect of
parcelization or other impactful influences over
time. Private forest harvest appears relatively
stable as a form of disturbance through the time
period we studied.

Distance to Boston

The distance between a town and the region’s
urban center (Boston) is significantly related to
the probability of private land harvest (Table 2,
Fig. 4). This metric was less predictive for public
land harvesting (Table 4, Fig. 6). There is obvi-
ously no magic factor related to actual physical
proximity to this urban area itself, and this
distance is more of an index combining many
factors. Indeed, distance to Boston is highly
correlated with many other socioeconomic fac-
tors such as population densityzg1p (—0.76) and
road density (—0.74), as well as the percent
forestyg11 (0.66). We used this index as a proxy
for all these variables when considering the ques-
tion of harvest along a suburban-to-rural gradi-
ent. It translates easily into a spatial concept of
occurrence of harvest (e.g., Fig. 4; probability of
harvest on private land falls to below 50% closer
than 50 km to Boston). Consequently, it aligns
along a suburban-to-rural interface, whereas
population or road densities are less spatially rel-
evant. For purposes of regional planning, timber
availability, or forest management relevance, it is
easier to consider harvest probability in a spatial
way, rather than based on varying densities or
percent forest from town to town.

The distance to Boston becomes less relevant at
greater distances (e.g., Fig. 4), and similar radiat-
ing effects from other cities may even become
more influential (e.g., distance to New York City,
Hartford, Connecticut, or Albany, New York). The
interacting effects of multiple urban areas and
their suburban surroundings were beyond the
scope of our study. Our results show the defini-
tive effect of this suburban-to-rural distance for
private forest within 100 km of Boston.
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Implications for forest ecology

Canham et al. (2013) reported that throughout
the northeast “Logging is a larger cause of adult
tree mortality in northeastern U.S. forests than all
other causes of mortality combined,” and in Mas-
sachusetts, removals from harvest exceed natural
mortality by more than 20%. Unlike “natural”
disturbances typical in Massachusetts (e.g., wind
of varying intensities; Runkle 1982), harvest
probability does not depend on aspect, slope, ele-
vation (Kittredge et al. 2003), or proximity to the
coast reflecting vulnerability to hurricanes (e.g.,
Boose et al. 2001). Instead, probability of harvest
is influenced by a suite of biophysical and social
variables such as the relative proportion of a
town that is forested, and a town’s proximity to
Boston. The probability of harvest is also influ-
enced by the ownership type (public or private).
Proportion of a town’s private forest that is har-
vested is also influenced by the relative affluence
of the town. Thus, the largest cause of mature
tree mortality is driven, in part, by the propor-
tion of a town that is forested, and its affluence.

Suburban forests experience significantly less
private harvest than rural areas, and harvest
probability becomes small (i.e., <20%) when for-
est occupies <40% of a town’s land use (Fig. 4).
Mondal et al. (2013) studied private forestland in
36 states across urban—rural gradients using esti-
mated 50-yr future projections of development,
and found continued forest loss in the suburban
regions, whereas rural forest was forecast to be
relatively stable.

Limitations of the dataset prevent us from doc-
umenting changing in the intensity of harvests
(i.e., the proportion of trees harvested within a
harvest area) but other research has shown that
most private woodland owners in the region
remove a fraction of the total biomass (Thomp-
son et al. 2017). If harvesting wanes in extent and
intensity, forests will continue to mature in terms
of biomass accumulation; indeed, growth
already far exceeds removals in Massachusetts.
This will result in forest communities with larger
trees, and increased coarse woody debris. The
forests will not be free of disturbance, as natural
agents (i.e., predominantly wind-based in vary-
ing degrees, spatial extents, and intensities; e.g.,
Kittredge et al. 2003) will continue to occur ran-
domly, and likely with increased frequency as a
result of changing climate. This will result in
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increased downed dead material on the forest
floor, as well as damaged live trees in the canopy.
Briber et al. (2015) estimated enhanced growth
of overstory trees due to canopy thinning effects
associated with adjacent developed land use.
This means that the overstory stems can actually
grow faster, accumulate more biomass, and more
rapidly approach older size or stature. Under-
story vegetation in these forests will continue to
be impacted by high deer densities (Rawinski
2016), resulting in a new structure of mixed hard-
wood forest in central New England, with larger
overstory trees, more down wood, and less
diverse understories impacted by herbivory.
These more densely populated suburban areas
are also under development pressure, especially
on private ownership, so it is possible that these
stands will be converted to some other land use.
Nevertheless, even in densely populated sub-
urbs, forest land cover can exceed 20% (Fig. 1)
and may remain undeveloped due to zoning or
access limitations, protection from development
through easement, or small parcel sizes that limit
commercially feasible harvests. Without harvest,
suburban forest will continue to mature, be sub-
ject to natural disturbance agents, and evolve
into different forest communities than have been
present before. Forests in landscapes with high
human population densities behave increasingly
like socioecological systems where social factors
(e.g., density and affluence) have strong effects
on ecological systems.

Implications for forest management

Kelty et al. (2008), Markowski-Lindsay et al.
(2012), and INRS (2016) all estimated potentially
available wood supplies for various purposes in
Massachusetts, and the USDA Forest Service esti-
mates timber supply for each state and nationally
(USDA Forest Service 2012). Any estimate of
potentially available wood supply, however,
needs to consider the probability of harvest rela-
tive to factors such as percent forest, distance to
urban center, and the relative affluence of towns.
The probability and the proportion of harvest
also vary depending on ownership type.

Most recent state estimates of timber available
in Massachusetts report over 204 million cubic
meters (172 m>/ha; Oswalt et al. 2014), which has
increased from 137.7 million m® (115 m>/ha) since
1997. This is based on an estimate of timberland
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defined as a minimum of 0.4 ha, and capable of
growing 3.5 m>ha '.yr . However, this is likely
an overestimate of availability due to a combina-
tion of suburbanization effects (e.g., smaller parcel
size, reduced access due to development, fewer
loggers, and markets), which reduce the probabil-
ity of harvest. Programs to stimulate the timber
economy (e.g.,, “buy local wood,” “Common-
wealth Quality Program”) in states with high pop-
ulation densities, suburban circumstances, and
dominance of private family forest need to be real-
istic in terms of outcomes and achievements. If
the goal is to maintain “working forest” that will
produce wood products into the future, tangible
efforts to enable perpetual future access, and own-
ership sizes that can support commercially viable
operations will be the most important. In Mas-
sachusetts, all commercial timber harvesters are
licensed, and the decrease in their number in
Worcester County and East (i.e., <95 km from
Boston) is symptomatic of the lower probability
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400 -

Number of licensed harvesters

200 -

1990

KITTREDGE ET AL.

and the proportion of harvest on forest closer to
Boston (Fig. 9). While we found no temporal
trend in terms of the probability of harvest in a
town in a five-year period, or in the proportion of
a town’s forest that is harvested in a five-year per-
iod, the steady decline in the number of licensed
timber harvesters since 1983 is striking, within
95 km of Boston, as well as statewide. Harvest
technology over time has improved in its effi-
ciency, and markets for wood have evolved to
include biomass for energy. It is possible that the
same volume of wood can be harvested by fewer
harvesters, though we did not analyze harvest
volumes per operation or over time. A similar
declining trend is seen in the number of sawmills
in Massachusetts, from 177 in 1977 (UMass Exten-
sion 1978) to 100 in 1991 (Massachusetts Depart-
ment of Environmental Management 1991) to 30
in 2006 (De la Cretaz et al. 2010). While harvest
volumes, sawmill efficiencies, and the number of
harvesters is an analysis beyond the scope of this

Region

~ Worcester county and east
~ Massachusetts

2000 2010

Year

Fig. 9. Licensed timber harvesters in central and eastern Massachusetts (<95 km from Boston), and statewide

total, over time, 1983 to 2015. Shaded area represents the 95% confidence interval around the linear model.
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paper, the unmistakable trend is probably at least
circumstantially related to shifts in towns from
rural to suburban, and the related decrease in the
proportion of a town’s forest that is harvested.
This phenomenon is illustrative of the linked
socioecological system, whereby human decisions
to harvest, whether private or public, influence
the probability and extent of harvest. This activity
is related to the rural or suburban nature of a
town. As towns change, so does the role of har-
vest as a form of disturbance, and this has impli-
cations for the number of timber harvesters,
employment, and the related local economy.

CONCLUSION

Unlike the predominant forms of wind-based
natural disturbance that have affected Mas-
sachusetts forests for thousands of years, com-
mercial timber harvest plays a different role. Its
frequency and distribution vary with respect to
social variables, including distance to Boston and
the proportion of a town that is forested. The
proportion of a town’s private forest that is har-
vested is influenced by a town’s relative afflu-
ence. These social factors (e.g., distance to an
urban center and relative affluence) have strong
resulting effects on the ecology of forests, as well
as their management for commercial purposes.
Since regionally, harvest is a major factor related
to tree mortality, it is important to identify factors
that influence its likelihood. While this analysis
is based on 30 yr of commercial harvest data in
Massachusetts, it is likely that similar effects may
be found radiating from other northeastern
urban areas surrounded by forest, especially
where the forest is primarily in private owner-
ship. These results suggest that a given hectare of
forest in a Massachusetts town will have a vari-
able probability of harvest depending on a vari-
ety of non-ecological factors (e.g., distance to
Boston, community affluence, public or private
ownership). The relative amount of forest in a
town is an important biophysical factor.
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