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Abstract 

In heavily forested rural areas, tax-incentivization programs are commonly employed to en-
courage timber production and harvesting activities. Because of growing interest in developing 
woody-biomass-based biofuels in the Western Upper Peninsula of Michigan, USA, we analyzed 
property records to determine who the regional actors are along with what role tax-incentivization 
programs may play. We found that a minority of entities collectively control 77 percent of the land 
in the region; however, family forest owners collectively own 23 percent of the land. Although tax-
incentive programs are commonly used by commercial forests, the requirements of the primary 
program in Michigan program appear to preclude most family forests in the region. Accordingly, 
this study suggests that a greater understanding of reluctance of family forests to enroll in sec-
ondary programs is needed, or a lowering of forestland requirements to permit more family for-
ests to enroll.

Study Implications: In heavily forested rural areas, the development of local forest resources 
has been suggested as a means of developing the local economy. One means of using the 
forest resources is through the development of woody-biomass-based biofuel or bioenergy 
programs. As these programs are dependent upon harvesting to supply the relevant feedstocks, 
tax-incentivization programs, such as Michigan’s Commercial Forest Land (CFL), may be used to 
encourage commercial timber production and overcome resistance to harvesting by nonindustrial 
private forest (NIPF) owners. These findings suggest such programs are likely to be well to fully 
subscribed by commercial forests. However, the implementation of these programs (ex., minimum 
of 40 ac. of forestland) may preclude a significant number of family forests from being able to 
enroll, which may be a contributing factor to low subscription rates. As a result, policymakers 
wishing to encourage enrollment by family forests in tax-incentivization programs should consider 
the practical realities of regional family ownership (i.e., average forestland acreage) in developing 
the programs.

Keywords:  family forests, geographic information systems, ownership patterns, tax incentives.

The development of forest resources has been pro-
posed as one means of developing rural economies 
(Saul et  al. 2018), and tax-incentivization programs 
are frequently employed to encourage forest owners to 
supply timber for industrial purposes (Hibbard et al. 

2003). These programs are of note to the development 
of woody-biomass-based biofuel or bioenergy facilities, 
as such facilities are highly dependent upon harvesting 
activities to supply the relevant feedstocks (Alian and 
Maclean 2015, Springer et  al. 2017). Recently, the 
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development of woody-biomass-based biofuels has 
been proposed for the Western Upper Peninsula (WUP) 
region of Michigan, USA (Woods 2013, Western 
Upper Peninsula Planning and Development Region 
(WUPPDR) 2017)  with Ontonagon, Michigan being 
selected as a candidate site for a woody-biomass-based 
biorefinery (Zupko 2019). The WUP contains approxi-
mately 16,000 km2 of heavily forestland, which could 
supply a woody-biomass biorefinery, and although 
commercial forests are present in the region, the re-
gional economy is depressed with tourism being the 
primary sector (WUPPDR 2017).

There have been several studies conducted in the 
region to evaluate its potential for woody-biomass-
based biofuels (see Zhang et  al. 2011, Alian and 
Maclean 2015, Brunner et  al. 2015), and family for-
ests (i.e., forest ownership by individuals and families) 
are highlighted as one potential barrier to develop-
ment because of reluctance to harvest (see Schubert 
and Mayer 2012, Lind-Riehl et  al. 2015, Rouleau 
et  al. 2016). However, whereas family forests, and 
more broadly non-industrial private forests (NIPFs) 
(i.e., private forest lacking woody processing facil-
ities), appear to control approximately one-third of 
the forestland in the region (Lind-Riehl et  al. 2015, 
Butler et al. 2016a), the precise inventory in the region 
is unknown. Potentially mitigating reluctance to har-
vest by landowners are tax-incentivization programs 
through the State of Michigan that require harvesting 
as part of a documented forest management plan. The 
most commonly known one is the Commercial Forest 
Lands (CFL) program, which offers significantly re-
duced property taxes for owners of at least 40 con-
tiguous acres (161,874 m2) of forest who also permit 
public access to their land (Michigan Department of 
Natural Resources (DNR) 2018). A lesser-known pro-
gram enacted in 2006 is the Qualified Forest Program 
(QFP), which offers reduced or capped property taxes, 
but also has an annual enrollment fee (Lowe et  al. 
2017, Michigan Department of Agriculture and Rural 
Development 2019). Although the QFP tax savings 
are not as significant as the CFL program, the parcel 
size and stocking requirements are significantly lower, 
and public access to the land is not a requirement. 
Although there is a developing understanding of what 
may motivate family forests to enroll (or not) in these 
programs, it remains unclear if regional enrollment 
may be approaching a potential maximum because of 
a combination of ownership type and land use.

Also driven by the interest in developing woody-
biomass-based biofuels in the WUP region, agent-based 

modeling (ABM) has been applied to assess their po-
tential regional impact (Rouleau and Zupko 2019). 
Agent-based modeling is a computer modeling tech-
nique in which software “agents” are used to simu-
late the various actors in a system and how they 
interact with a landscape, allowing for projections 
to be made about timber harvesting and the impacts 
on the landscape. However, the validity of an ABM is 
highly dependent upon the accuracy of the underlying 
data, necessitating a comprehensive inventory of the 
ownership in the region as well as land-cover data. 
The National Land Cover Database (NLCD) is one 
possible source of these data, with both the NLCD 
2011 (Homer et  al. 2015) and NLCD 2016 (Yang 
et al. 2018) data sets being possible sources of land-
cover data. However, in releasing NLCD 2016, Yang 
et  al. (2018) note that corrections were made to the 
methods that impacted forest and wetlands classifica-
tions, which may impact the results of models using 
the legacy NLCD 2011 data set.

Accordingly, this brief communication has two 
goals: first, determine what enrollment is possible in 
tax-incentivization programs, given the ownership and 
land cover data for the WUP. Second, quantify the pos-
sible error in studies previously conducted using the 
legacy NLCD 2011 data set compared to the NLCD 
2016 product suite.

Methods
Parcel maps were collected from WUP counties (i.e., 
Baraga, Gogebic, Houghton, Iron, Keweenaw, and 
Ontonagon) and aggregated into a single map using 
ArcGIS 10.6.1 (ESRI 2017)  resulting in 65,461 par-
cels containing 15,724 km2 of land. Ownership rec-
ords were extracted, and parcel references to towns and 
physical features (e.g., lakes) were discarded. Each prop-
erty owner was assigned a unique id and exact dupli-
cates (e.g., same name, address, etc.), where all assigned 
the same unique id value. A  Python script was then 
written using ArcGIS’s ArcPy extensions to look for 
additional duplication based upon differences in county 
entireties (e.g., “John and Jane Doe” versus “John Doe 
et ux”).1 The Levenshtein Distance (Levenshtein 1966), 
or similarity score, between names was calculated when 
matching owner addresses were found, and records with 
a similarity score exceeding the statistical threshold of 
approximately 0.55 were assumed to be matches. Once 
the matches were identified, the records were updated 
with the relevant parent record and source of match 
(e.g., name or address records).
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Upon consolidation of ownership records, parcels 
smaller than 1 acre were removed, since they cannot 
meet the minimum area to qualify as forest (Butler et al. 
2016a). Labels were then programmatically assigned 
based upon the scheme outlined in Table  1. First, the 
CFL registry (DNR Open Data 2017) was used to iden-
tify commercial forests based upon centroid intersection 
between the registry parcels and the consolidated parcel 
map. Other labels were programmatically applied based 
upon pattern matching of the owner record, and specific 
labels were not assigned if a pattern was not matched.

Upon completion of parcel labeling, the land-cover 
characteristics were calculated using both legacy NLCD 
2011 and NLCD 2016 data sets. Although the NLCD 
2016 data set was used for primary data analysis, for 
both data sets the ArcGIS Tabulate Area tool was used 
to calculate the area of each parcel by NLCD code, and 
the results were aggregated into forest (NLCD codes 41, 
42, and 43 for deciduous, evergreen, and mixed forest, 
respectively) and woody wetlands (NLCD code 90). 
Once the total forested area was calculated, parcels with 
less than 1 acre of forest were removed per the minimum 
threshold requirement. Any remaining unlabeled parcels 
with at least 1 acre of forestland were manually reviewed 
to determine whether they fit into any of the categories. 
If so, an appropriate label was applied, otherwise they 
were left uncategorized. Finally, parcels were clipped to 
ensure they were bound to the county lines (Michigan 
Center for Geographic Information 2005).

Results
Upon completion of the analysis, a total of 39,119 par-
cels remained, containing 10,648 km2 of forests and 

3,112 km2 of woody wetlands (see Table 2, Figure 1). 
These parcels also account for approximately 15,367 
km2 of land or 98 percent of the total area in the re-
gion. The discrepancy in total area is attributable to 
the parcels that fell outside the minimum size thresh-
olds used in the analysis. Land-cover classification 
showed a minor decrease in forestland from NLCD 
2011 to NLCD 2016, whereas the quantity of wet-
lands increased significantly by a total of 432 km2. This 
increase is likely attributable to changes in the prep-
aration of NLCD 2016, specifically improvements to 
wetland classifications (see Yang et al. 2018).

Land ownership is approximately 30 percent fed-
eral, 23 percent family forests, and 28 percent regis-
tered as commercial forest independent of any other 
attributes. Federal land ownership is primarily limited 
to Isle Royale National Park and Ottawa National 
Forest, whereas the state of Michigan manages parks 
such as Porcupine Mountains Wilderness. Excluding 
parcels controlled by government entities, and par-
cels listed in the CFL registry as “Forest Industry,” a 
total of 31,080 parcels with 3,712 km2 of forest and 
5,695 km2 of total land may be classified as NIPFs (see 
Figure 2). Furthermore, analysis of the ownership rec-
ords indicates that a minority of 624 private entities 
(i.e., corporations, trusts, and private individuals) own 
in excess of 1 km2 of forest with a mean ownership of 
about 9.5 km2 of land under their control. However, 
this list is dominated by timber companies, the top 10 
of which control 2,687 km2 of land in the region.

Family forests are common in the region, and a 
total of 18,123 were identified with an average for-
ested area of approximately 30 ac (131,406 m2) (see 
Table 3). Family-forest ownership patterns break with 

Table 1.  Labels assigned to parcels during analysis along with characteristics of the parcel.

Label Description

Native American Parcel owner is a local Native American community (ex., “Keweenaw Bay Indian 
Community”), or records indicated land held in trust by the government for Native 
Americans

Federal Parcel ownership is associated with the “US Government” or a federal agency
State Parcel ownership is associated with the “state of Michigan” or a state agency
Municipal Parcel ownership is associated with the county (e.g., “Houghton County”), local community 

(e.g., “Houghton Township”), or local community services (e.g., “Houghton-Portage Twp 
Schools”)

Commercial Parcel appears in Commercial Forest Land data set (Michigan DNR Open Data 2017)
Family forest Parcel has at least 1 ac (4,046.86 m2) of forest, and the owner appears to be an individual or 

family
Trust Parcel ownership record clearly indicates association with a trust (ex., “Doe Family Trust”), 

the owner is listed as a trustee, or the organization is a 501(c)(3) registered nonprofit
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the national averages found in Family Forest Owners 
of the United States 2013 (Butler et  al. 2016b) and 
National Woodland Owner Survey (NWOS) (Butler 
et  al. 2016a), which found that the majority would 
have between 1 and 9 ac of forest. The rates are like 
those found in the NWOS breakout for the state of 
Michigan (Butler et al. 2016a), although ownership is 
more concentrated in the “20 to less than 50 acres” 

range at about 31 percent versus the state rate of 26.2 
percent.

Across all private ownership types, 6,103 parcels 
and 3,583 km2 of forests were found to be registered in 
the CFL program, of which 1,166 parcels consisting of 
290 km2 are family forests (see Table 3). Approximately 
72 percent of the 4,953 km2 of eligible forests are en-
rolled in the program. Furthermore, approximately 30 

Figure 1.  Comprehensive map of the Western Upper Peninsula region along with the labels that were assigned to the 
parcels. Note that Isle Royale consists entirely of Isle Royale National Park.

Table 2.  Summary of labels along with percentage changes from NLCD 2011 to 2016 data.

 NLCD 2011 NLCD 2016
Percentage 

change 

Count  
(parcels) Total (km2) Forest (km2) Wetlands (km2) Forest (km2) Wetlands (km2) Forest Wetlands

Native American 120 23 18 3 18 3 –1.3 23.1
Federal 2,546 4,620 3,418 857 3,286 996 –4.0 14.0
State 1,911 1,249 868 256 855 293 –1.6 12.6
Municipal 790 325 203 79 188 93 –7.9 15.0
Commercial forest 4,776 4,336 3,332 706 3,243 827 –2.7 14.6
Family forest 24,498 3,553 2,280 563 2,288 658 0.4 14.4
Trust 1,796 369 242 69 239 77 –1.2 10.8
Mixed/corporate 2,682 892 549 147 530 164 –3.6 10.1
Totals 39,119 15,367 10,910 2,680 10,648 3,112 –2.7 14.3

Note: “Commercial forest” represents properties that are solely registered as such.
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percent of eligible family-forest parcels are enrolled in 
the program, whereas about 34 percent of trust-owned 
parcels are enrolled. For parcels not registered with 
the program, 3,842 containing about 1,370 km2 of 
forest met the minimum requirements for participation 

(see Figure  3). A  total of 2,731 of the eligible par-
cels containing 826 km2 of forestland appear to be 
family-owned. One complicating factor in evaluating 
eligible parcels is the presence of parcels, annotated as 
“Mixed/Corporate,” whose ownership indicated an 

Figure 2.  Likely NIPF parcels in the WUP, “Commercial Forests” indicates enrollment in the program. Note that Isle Royale 
is excluded because of being solely federally owned.

Table 3.  Family forest holdings based upon NCLD 2016.

Count (parcels) Forest area (ac) Wetlands area (ac) Total area (ac) Percentage of total

1 to <10 6,863 32,256 28,180 83,941 5.71
10 to <20 3,319 49,024 24,165 92,948 8.67
20 to <50 5,072 164,904 39,233 243,689 29.18
50 to <100 1,912 132,580 26,671 190,546 23.46
100 to <200 731 99,192 18,666 137,716 17.55
200 to <500 185 52,635 12,762 74,164 9.31
500 to <1,000 30 19,156 4,177 26,522 3.39
1,000 to <5,000 11 15,451 5,527 23,074 2.73

Note: Breaks follow the pattern used by Butler et al. (2016a).
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affiliation with the forest industry but were not en-
rolled. This may be attributable to a delay in updating 
maps by the state of Michigan or site factors that pre-
clude registration. However, this complicating factor 
implies that the total number of eligible parcels may 
need to be revised down by as much as 15 percent.

Discussion
One outcome of this study is the quantification of the 
deviation in wetlands between the NLCD 2011 and 
NLCD 2016 data sets, which is significant enough to 
have modeling implications. A  review of the results 
(see Table 2) suggests that the primary source of this 
deviation is the reclassification of pixel data from 
forest (i.e., deciduous, evergreen, and mixed forest) to 
woody wetlands. Although it is possible that this devi-
ation is skewed by the nature of the WUP region, other 
heavily forested parts of the United States might notice 
results. Accordingly, studies that were dependent upon 
the legacy NLCD 2011 data set, and concern wetlands, 
may have underestimated projected impacts.

Next, the results of the current enrollment re-
maining eligible properties for the Michigan CFL 
program bears some consideration. Given the param-
eters of the program; namely, 40 contiguous acres of 
forest, a forest management plan that incorporates 

timber harvesting, and public access to the land, the 
program appears to be quite successful at enrolling 
eligible parcels. The regional forest industry appears 
to be taking advantage of the program, with the data 
suggesting that they might be fully enrolled on a re-
gional basis. The remaining 3,842 eligible parcels war-
rant careful consideration, since the property records 
indicate that some are owned by the forest industry. 
Other large tracts of eligible parcels indicate owner-
ship by the mining industry, being held as conservation 
lands, or possible use as research forests by universities 
that would preclude enrollment in the CFL program. 
This supports claims that family forests may be the last 
major reserve of unenrolled CFL eligible parcels in the 
region.

One potential barrier to increasing enrollment in 
the CFL is the requirement that landowners have a 
minimum of 40 contiguous acres of forest (Table 4). 
Although family forests in the WUP region are larger 
than the national average (Butler et al. 2016b), a mean 
of 30 ac indicates that CFL acreage requirements may 
exclude a significant number of interested landowners. 
An alternative to the CFL is the Qualified Forest 
Program (QFP) program, and statewide the program 
reports 483,368 ac (1,956 km2) enrolled as of fiscal 
year 2018 (Harlow 2018), although an inventory of 
parcels is not available to the public. However, it is still 

Figure 3.  Parcels registered in the Michigan Commercial Forest Land program with the remaining eligible parcels, based 
upon NLCD 2016 land-cover data.
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possible to identify parcels in the lower 20–40 ac range 
offered by the QFP (see Figure 3, Table 5). Although it 
is unlikely that none of the family forests eligible for 
the QFP are enrolled, it is quite likely that family for-
ests are again the major reserve of eligible forest in the 
region that can be enrolled in the QFP. This suggests 
that family forests in the WUP region may offer a max-
imum of 1,546 km2 of forestland across 8,536 parcels 
for enrollment in either the CFL or QFP.

Recalling that both the CFL and QFP programs 
require a forest-management plan, one implication 
of these findings is that it suggested that manage-
ment plans by family forests in the region are quite 
uncommon. For family forests with 10 or more acres, 
the findings support a minimum of only 13 percent of 
forestland being under a management plan because of 
CFL requirements, significantly below the national rate 
reported by Butler et al. (2016). Interviews with NIFPs 
in the region support this as the concept of “[letting] 
nature take its course” (Lind-Riehl et al. 2015, p. 99) 
and may conflict with a formal management plan.

The data that are presented here represent an im-
proved understanding of the forest-ownership pat-
terns in the WUP region. Although ownership is 
largely dominated by a minority of entities such as 

the federal government and industrial forests, family 
forests are quite common. Furthermore, ownership 
records strongly suggest that commercial forests are 
likely fully enrolled in the CFL, whereas family forests 
are predominately unenrolled in tax-incentivization 
programs. Understanding why family forests do not 
participate in tax-incentivization programs will be of 
interest to policymakers seeking to support the timber 
industry or when attempting to evaluate regional po-
tential for woody-biomass-based biofuels.
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