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Geographic Information System (GIS) and regression analysis, we tested for spatial

relationships between the structure of land ownership and forest cover across 66

watersheds in the Oregon Coast Range. We found that forest cover diversity increased

with land ownership diversity in these watersheds. Likewise the size and coimectivity of

forest patches were found to increase with the size and coimectivity of land ownership

patches respectively (land ownership structure of explains 38% of the variability of

forest cover structure across these watersheds). We conclude that landscapes with mixed

ownership provide greater habitat diversity, while landscapes with concentrated

ownership provide less diverse but more connected forest habitat. Using qualitative

research methods we conducted an exploratory case study of one Coast Range watershed

to examine possible explanations for relationships between ownership and forest cover.

In our case study we found land ownership to change dramatically over time. We also



found economic, cultural, and environmental factors all to influence landowner decisions

with respect to land use, management, and tenure. We conclude that interactions between

these factors are recommend that future studies address this complexity, either in

predictive models or policy suggestions. We also recommend that future research in

landscape ecology address dynamics of land ownership by updating ownership maps and

the ways in which owners are classified.
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Land Ownership and Forest Cover in the Oregon Coast Range: Spatial Pattern
and Social Ground-Truthing

1. Introduction

Realizing the influence of social systems on ecosystems, several recent landscape

ecology studies have linked landscape structure to land ownership (Spies et at. 1994;

Turner et at. 1996; Crow et at. 1999; Garman et at. 1999). Linking social and

ecological systems is not unique to the landscape ecology literature, however.

Environmental historians in the last two decades have sought to tie social institutions

such as markets, policies, and human ideology to environmental change (White 1980;

Cronon 1983; Robbins 1988; Langston 1995). Likewise, forest resource social

scientists have generated a large body of literature on the management behavior of

private forest owners within the context of various social and economic factors (Straka

et at. 1984; Romm et at. 1987; Bliss and Martin 1988; Johnson et al. 1997). Where

social research can be limited by a lack of spatial specificity, ecologists have the

advantage of large, spatially explicit land cover and land ownership datasets.

Conversely, landscape ecologists have recognized that without critical explanations for

the social-ecological spatial relationships they find, they too are limited in their ability

to make practical contributions to policy discussions (Turner et al. 1996; Crow et at.

1999).

In the northwestern United States, study of the structure of managed forest

landscapes is extensive. Franklin and Forman (1987) used spatial models to simulate

the degree to which conifer forests can become fragmented in response to different

methods of timber harvesting. Forest fragmentation from disturbances, such as forest
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cutting, affects the amount and spatial arrangement of large trees, large dead wood, soil

conditions, and microclimates on forest landscapes, all attributes that affect habitat

quality at landscape scales (McComb et al. 1993). McGarigal and McComb (1995)

specifically found associations between the amount and spatial configuration of forest

habitat and breeding bird abundance on managed forest landscapes in the Oregon Coast

Range.

Research on the morphology and function of riparian zones is also extensive in the

Northwest. Public concern over water quality and the status of anadromous salmon

populations has recently made forest management in riparian zones a particularly

critical policy issue in this region as well (Young 2000). New restrictions to Oregon's

Forest Practices Act, intended to improve sediment discharge rates, stream temperature,

and woody debris in streams, focus exclusively on this single physical component of

Oregon landscapes (Oregon Department of Forestry 1995).

Focusing on the role of land ownership in shaping the structure of forest landscapes

in Oregon, Spies et al. (1994) compared forest cutting patterns between private and

federally owned forestland in the western Oregon Cascades. Although fragmentation of

mature forests was found to be increasing on both ownerships as a result of forest

cutting, significantly higher rates of fragmentation were found on private land. Garman

et al. (1999) found significant differences in the composition, and size of forest patches

between forest ownership classes in the Oregon Coast Range. Two untested hypotheses

within the forest management community are that land ownership diversity results in

forest habitat diversity and likewise that land ownership fragmentation results in forest

habitat fragmentation (DeCoster 1998).



The growing evidence that ownership patterns have some association with forest

landscape structure raises an important question, why? Economists have frequently

assumed that management differences between forest landowners could be best

explained by different economic opportunities and constraints, such as those related to

tract size (Straka et al. 1984), landowner characteristics (Romm et al. 1987), or physical

constraints of land owned (Brouwer 1989).

Discussing the role of culture in shaping landscape structure Nassauer (1995)

proposed four principles; 1) human landscape perception, cognition, and values directly

affect and are affected by landscapes, 2) cultural conventions influence both inhabited

and apparently natural landscapes, 3) cultural concepts of nature differ from scientific

concepts of ecological function, and 4) the appearance of landscapes communicates

cultural values. Although these principles were not intended specifically for ownership

studies, they might assume management differences between land ownership classes are

at least, in part, culturally driven. These cultural and economic theories are by no

means mutually exclusive, yet they do highlight different sets of assumptions that are

frequently used to explain relationships between people and ecosystems for policy

applications.

This study adds to previous research on land ownership associated with the Coastal

Landscape Analysis and Modeling Study (CLAMS) (Garman et al. 1999) by using a

combination of research approaches to study social and spatial relationships between

land ownership and forest landscape structure in the Oregon Coast Range. The first

objective of this study is to explore associations between historical changes in land

ownership and land management practices, and the current structure of one forest
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watershed in the Oregon Coast Range. The second objective is to test the hypothesis

that the structure of forest cover (i.e. diversity, patch size, and connectivity) is directly

associated with the structure of land ownership in Oregon Coast Range watersheds.

We first present the results from a case study of one watershed in the Oregon Coast

Range, the Big Elk Creek watershed. Landowner interviews were used along with

historical ownership maps, texts, and photos to document changes in land ownership

and land management practices in this watershed over the past century. With the

expectation that social variables would be complex, the use of qualitative interview

methods helped us inductively identify some of the most important social variables on

the landscape (Glaser and Strauss 1967; Bliss and Martin 1989). The composition and

size of forest patches in the Big Elk Creek watershed were measured using descriptive

statistics and patch size metrics. Qualitative data were used to illustrate the historical

context of current associations between landowners and the composition and

configuration of forest cover in the watershed.

Expanding our analysis beyond the case study watershed, we used landscape metrics

to measure the structure of both forest cover and land ownership on 66 watersheds in

the Oregon Coast Range. We then used linear regression to test for general landscape-

scale spatial relationships between land ownership and forest cover across these

watersheds. Landscape metrics, such as indices of landscape diversity and

fragmentation, have been used in previous land ownership studies (Medley et al. 1995;

Crow et at. 1999) and can be helpful in identifying general patterns of composition and

spatial configuration on landscapes (O'neill et at. 1988; McGarigal and Marks 1995).

However, this is the first study that we know of that has applied landscape metrics to



both vegetation cover and land ownership data in order to compare the two across

multiple landscapes. By studying spatial pattern and social process together in this

manner, our overarching goal is to explore new ways of empirically examining

relationships between social systems and forest landscape structure in order to inform

natural resource policy.

Land ownership change has become a particularly relevant issue in natural resource

policy in Oregon. The area in non-industrial private forest (NIPF) in western Oregon

declined by roughly 750,000 acres between 1961 and 1986; one-third of this land was

converted to non-forest land uses while two-thirds were acquired by the forest industry

(MacLean 1990). As tenure changes very often changes in land use and management

follow. Gaining a better understanding of these types of social dynamics is particularly

important as landscape ecologists attempt to make valuable contributions to natural

resource policy.
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The study area for this thesis is the Oregon Coast Range Physiographic Province

(Figure 1). Well known for it's productive conifer forests, this Range extends from the

Columbia River basin at Oregon's northern border southward to the Klamath Mountains

Province.

Salem

Big Elk Creek Watershed
Oregon Coast Range
State of Oregon

Figure 1. Map of the study areas. The Oregon Coast Range is shown nested within the
state of Oregon. The case study watershed, Big Elk Creek, is shown nested within the
Oregon Coast Range.

2. Study Area



Lower elevations along the coast are in the Sitka Spruce (Picea sitchensis) vegetation

region, while the uplands are in the Western Hemlock (Tsuga heterophylla) vegetation

region. These species along with Douglas-fir (Psuedotsuga menziesii), western red

cedar (Thuja placata), pacific silver fir (Abies lasiocarpa), and various hardwood

species characterize much of the western slope and uplands (Franklin and Dyrness

1973). Oregon white oak (Quercus garryanna) savannas dominate the Willamette

Valley vegetation region throughout the interior foothills and lowlands. Several oak

species are found intermixed with conifers in the more arid Mixed Conifer and Mixed

Evergreen vegetation region in the southeast portion of this Range (Franklin and

Dyrness 1973). Because significant portions of the interior valley and coastal lowlands

of this province are developed for residential and agricultural land uses, these eco-

regions were excluded from this analysis.

We selected the Oregon Coast Range because of the diversity of land ownership

patterns that characterize it. Additionally, extensive land ownership and forest cover

data are available for this province, and has already been the subject of related research

(Garman et al. 1999). Within the Oregon Coast Range, we selected the Big Elk Creek

watershed ("the Big Elk") for a qualitative case study (Figure 1). Located on the

western slope of the central Oregon Coast Range, this watershed starts at the summit of

Mary's Peak and drains northwest to Elk City, Oregon where it joins the main stem of

the Yaquina River. Although forests of Douglas-fir, western hemlock, and other

conifers are historically believed to have been the most common species in this area

(Franklin and Dymess 1973), today agricultural land uses are prevalent in flat areas

adjacent to streams. The ownership in this 23,057-hectare watershed is highly mixed.



Landowners in the Big Elk include the US Forest Service, US Bureau of Land

Management, State of Oregon, and numerous private industrial and private non-

incorporated (PNI) forest owners.

The Big Elk Creek watershed was selected for the case study first because it has a

highly mixed ownership pattern, which allowed us to study of all major ownership

classes within a single landscape. This watershed is also in relatively close proximity to

Corvallis, which made it accessible. Lastly, this watershed is the study area of a

separate but related study, and therefore offered a unique opportunity for collaboration

in research (Butler and Stanfield in prep.).
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3.1 Case Study. Qualitative Analysis

The primary data source for the Big Elk Creek watershed case study comes from 15

landowner interviews. Interviewees were selected based on their knowledge of forest

management and the history of the study area using a theoretical sampling approach

(Glaser and Strauss 1967). This sampling approach allows research questions to

determine the selection of interviewees, and allows emergent themes from early

interviews to influence the selection of subsequent interviewees. A minimum of one

landowner from each ownership class was interviewed for this study (Table 1). In the

case of land management agencies and forest industry companies, we interviewed

individual forest managers. All study participants have been given pseudonyms to

maintain anonymity.

Table 1. List of interviewees from the Big Elk Creek watershed case study.

Pseudonym(s)

Phil
Guy
Eric
Dominick and Brian
Larry
Wayne
Scott and Sylvia
Jason, Elizabeth, and Sarah
Luke
Arthur and Wanda
Dan
Pete
Martin and Gordon
Ben
Maurice

3. Methods

Land Ownership Class/Affiliations

US Forest Service
US Forest Service
US Forest Service
US Bureau of Land Management
State
PNI
PNI
PNI
PNI
Homesteader/ PNI
Small Industry/Consultant/ PNI
Small Industry
Medium Industry
Large Industry/Consultant
Very Large Industry
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Interviews were semi-structured (Flick 1998), focusing on, 1) the management

objectives, opportunities, and constraints of forest owners, 2) historical changes in land

ownership and forest cover, and 3) the social and economic context within which these

changes occurred. All interviews were recorded onto audiocassette with consent of the

interviewee and transcribed into text immediately following the interview.

We used a grounded theory approach to analyze interview data (Glaser and Strauss

1967). Unlike traditional deductive research, this inductive approach allows interview

data to be collected and analyzed simultaneously. Specifically, following transcription,

we coded text from interviews according to its general topic (a process referred to as

"Open Coding"). Coded statements were analyzed based on their context and organized

into dominant themes (Axial Coding). Themes were then used to address research

questions directly, and/or indirectly by influencing the subsequent selection of

interviewees and interview questions. Following completion of all 15 interviews,

dominant themes were organized and compared to competing explanations for land

ownership-landscape structure relationships (Selective Coding).

Historical references were used in this analysis to help develop interview questions

and to validate interview data once collected. References include various local

historical texts and photographs, which depict important social characteristics, land use

activities, and landscape conditions. Additionally, we used a time series coverage of

land ownership in the Big Elk. This source documents all homestead entries, wagon

road, and railroad grants (United States Department of the Interior 1999), and has near-

complete information on each individual landowner in the watershed for the years 1907,

1930, 1956, 1979, and 1998 (Oregon Coast Historical Center 1907; Metsker 1930;
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Metsker 1956; Erdman 1979; Benton County Tax Assessor's Office 1998; Lincoln

County Tax Assessor's Office 1998) (Appendix A). This coverage was used solely to

track ownership change over time in the Big Elk. Land ownership classifications

include federal, state, county, misc., private incorporated, and private non-incorporated.

3.2 Case Study: Spatial Analysis

Land ownership classes in the Big Elk Creek watershed were compared with respect

to the size and composition of forest cover patches found within their boundaries.

Forest cover composition was measured by calculating the percentage of an ownership

class' area represented by each forest cover class. Ownership classes were also

compared based on composition within 100-meter riparian zones (distance consistent

with Garrnan et al. (1999)). Composition results from the Big Elk were compared to

levels for the entire Oregon Coast Range province.

We used FRAGSTATS 2.0 (McGarigal and Marks 1995) to measure the relative

size of forest patches associated with each ownership class. The first metric used, Core

Area Density (CAD) measures the percentage of interior forest area in an area based on

a 100-meter edge distance (distance consistent with Garman et al. (1999)). Mean Patch

Size (MPS) calculates the average size of patches, while Patch Size Standard Deviation

(PSSD) measures the absolute variability of patch sizes around the mean. Lastly,

Largest Patch Index (LPI) calculates the size of the largest patch on the landscape as a

percentage of the landscape's total area. Because some organisms respond negatively

to forest edges, large forest patches that provide core area (interior) habitat are a critical

component of biodiversity maintenance in Pacific Northwest forest ecosystems
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(Franklin and Forman 1987). These four metrics serve as indicators of interior forest

habitat.

3.3 Oregon Coast Range Watershed Analysis

We conducted two analyses at the watershed-scale' to examine spatial relationships

between land ownership and forest cover on landscapes. We first examined general

relationships between the structure of land ownership and the structure of forest cover

in 66 watersheds in the Oregon Coast Range (Figure 2). Due to our limited ability to

distinguish agricultural and urban land uses from recently disturbed forest stands, we

excluded any area in the Willamette Valley and Coastal Lowland ecoregions from this

analysis (regions that are dominated by non-forest land uses). Furthermore, we

excluded any watershed with more than 20% of its total area removed (36 of 102

possible watersheds were excluded) (Figure 2). Associations between the structure of

land ownership and forest cover were tested using linear regression.

Our second watershed-scale analysis included only five of the original 66

watersheds; watersheds in which each of the five major ownership classes are found in

their greatest overall percentage (Figure 2). In these most "concentrated" watersheds of

the Coast Range, we measured the composition of forest cover by calculating the

percentage of the watershed's area in each forest cover class. Landscape metrics (as

previously described) were used to measure the spatial configuration of forest patches

on landscapes. This analysis was used to compare land ownership classes at a greater

spatial scale. Because no watershed is owned entirely by a single ownership class,

forest cover patterns a watershed carmot be attributed entirely to its dominant ownership
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Figure 2. Key to study watersheds. Sixty-six of 102 possible watersheds were used in
the spatial analysis, including five "concentrated" watersheds and one case study
watershed. The dominant ownership class is listed in parentheses for each concentrated
watershed.
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class. Furthermore, because the five watersheds have slightly different percentages of

area owned by the dominant class, some comparisons are problematic.

Five landscape structure metrics computed by FRAGSTATS 2.0 (McGarigal and

Marks 1995) were used to measure the composition and spatial configuration of both

land ownership and forest cover in watersheds. Because forest habitat quality is widely

believed to be dependent both on the presence of forest patches as well as the size and

physical orientation of the patches (McGarigal and Marks 1995), we specifically

selected metrics that measured these different aspects of landscape structure. The first

metric, Shannon's Diversity Index (SHDI), calculates compositional diversity as a

combination of richness and evenness. Patch Size Standard Deviation (PSSD)

calculates the absolute variability of patch sizes on the landscape and Largest Patch

Index (LPI) calculates the largest patch on a landscape as a percentage of the total

landscape area. The Contagion Index (CONTAG) calculates the spatial aggregation of

patches while Total Core Area Index (TCAI) calculates the percentage of the

landscape's area that is interior forest based on a 100-meter edge distance.

Conceptually, SHDI is used as an indicator of the level of compositional diversity of

forest cover and land ownership in watersheds and PSSD and LPI are used as indicators

of patch size. Although CONTAG and TCAI are closely related to patch size, these are

used as indicators of the fragmentation of watersheds.



3.4 Statistical Tests

For each landscape metric we regressed forest cover against land ownership,

designating land ownership as the explanatory variable. Because of the potential for

regional differences in such a large study area, we accounted for a region effect in all

regression models. Our regions (North, Central, and South) were defined by CLAMS.

Additionally, since not all metrics account for watershed size, we accounted for an area

effect when it was appropriate (i.e. SHDI, CONTAG, and PSSD). Using multiple linear

regression, additive and interactive terms were accounted for using a backward

elimination stepwise procedure. In an attempt to make models more interpretable we

dropped interaction terms before additive terms when possible. All transformations,

influential cases, and significant covariates are reported. When influential cases were

present, the stepwise procedure was conducted both with and without influential cases,

and results from both are reported.

3.5 Spatial Data

Forest cover data came from combining the "Major Coast Range Vegetation Cover

Types, 1995" 25-meter grid (Cohen et al. 1995) with the "Forest/Non-forest" grid

(Bettinger et al. 2000) (Appendix B). This integrated grid classifies land into four

forest cover categories (regeneration forest, young forest, mature forest, and broadleaf)

and one non-forest category (non-forest/mixed woodland) (Table 2). Direct

comparisons between the PNI and private industry classes on the basis of "non-forest"

cover are problematic because this cover class was created under the assumption that

15



Class Name

Regeneration Forest

Young Forest

Mature Forest

Broadleaf

Non-forest/Mixed Woodland

Description

Areas with 0-70% canopy cover AND not designated as
non-forest or mixed woodland.

Areas with canopies that are either dominated by conifers or
a mixture of conifers and broadleaf trees AND are composed
mainly of individuals that are 0-50 cm in diameter.

Areas with canopies that are either dominated by conifers or
a mixture of conifers and broadleaf trees AND are composed
mainly of individuals that are >50 centimeters in diameter.

Areas with >70% of canopy cover represented by broadleaf
trees or shrubs.

Areas within an urban-growth boundary that was harvested
between 1972-1995 OR any non-industry land classified as
"Open" or "Semi-closed by Cohen eta! (1995), but not
harvested between 1972-1995. This generally includes land
maintained as pasture or with widely spaced trees (Bettinger
et a! 2000).

16

private industry classes have little to no non-forest/mixed woodland on their land

(Bettinger et al. 2000). Forest cover classes used in this study do not represent forest

habitat types per se, but rather the general canopy closure and age structure of forests.

Land ownership came from the "Western Oregon Industrial Forest Land

Ownership" polygon coverage (Atterbury Consultants Inc. 1994). This coverage

characterizes ownership throughout the Coast Range for 1990-1991 (Table 3). We

converted polygons to a 25-meter grid prior to analysis. In this grid, government

landowners are classified according to public agency (USFS, BLM, state, and misc.

public). Industrial forest companies are classified into four classes (small industry,

medium industry, large industry, and very large industry) based on total area owned.

Table 2. Description of forest cover classes.

Classes were derived from combining the "Major Coast Range Vegetation Cover Types, 1995" layer
(Cohen ci' a! 1995) and the "Forest/Non-forest" layer (Bettinger et a! 2000). Urban-growth boundaries
used to designate non-forest/mixed woodland cover are land use planning boundaries established by each
county in Oregon which attempt to protect forest and agricultural lands from urban development (State of
Oregon 1999).



Private Non-incorporated

Small Private Industry

Medium Private Industry

Large Private Industry

Very Large Private Industry

and municipal parks and
other small public holdings.

PNI All non-public land not
owned by a corporate
entity.

Sm. md. Land owned by corporate
entity that owns < 10,000
ha.

Md. md. Land owned by corporate
entity that owns 10,000-
50,000 ha.

Lg. md. Land owned by corporate
entity that owns 50,000-
100,000 ha.

V.Lg. md. Land owned by corporate
entity that owns> 100,000
ha.

Classes were derived from the "Western Oregon Industrial Forest Land Ownership" layer
(Atterbury Consultants Inc 1994).
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Private non-incorporated (PNI) landowners are retained in a single class dominated by

non-industrial private forest (NIPF) owners, but also includes farmers and residential

homeowners3 (Appendix C). Given the predominance of NIPF owners, this category

serves as a reasonable NIPF proxy. Appendix D summarizes the procedure used to

select specific land ownership and forest cover classification schemes. Appendix E

summarizes the stream data used.

Table 3. Description of land ownership classes.

Class Name Class Abbreviation Description

U.S. Forest Service USFS Siuslaw and Siskiyou
National Forests.

U.S. Bureau of Land Management BLM US Public Domain lands,
O&C Railroad lands.

State of Oregon State Board of Forestry lands,
State Land Board lands.

Miscellaneous Public Misc. National, state, county,



4. Results

4.1 Case Study: Qualitative Analysis

4.1.1 Early Settlement (1850-1930)

At the time of European settlement of the central Oregon Coast Range region, a

large-scale forest fire swept through the area. According to most accounts, the

"Yaquina Fire" occurred in the 1 850s and consumed a significant proportion of the

forests in the region (Zybach 1988; Impara 1998) and Big Elk (Prior 1998). This large-

scale disturbance played an essential role in shaping early ownership and land use

patterns in the Big Elk. Homesteaders, in search of land on which they could graze

livestock and grow subsistence crops, were typically limited to land that had been

cleared by fire, was relatively flat, and was close to water (Prior 1998). The priorities

of early homesteaders were described by Dan, a forestry consultant who has several

decades of forestry experience in the Big Elk: "I guess what got these people coming

out here wasn't trees. Trees were the last thing they wanted. They wanted some place

to farm. You couldn't eat a tree." Consequently today most PNI owners in the Big Elk

and throughout the province own gentle ground adjacent to streams.

Since 1862, the year the Homestead Act opened the Coast Range to settlement,

several major social, political, and economic developments have influenced spatial

patterns of land ownership and use. In the late 1 800s, federal wagon road and railroad

land grants awarded alternating 640-acre sections of land to companies that built

transportation routes into the region (Richardson 1980). Although the Big Elk

reportedly had little old-growth timber following the Yaquina Fire, roughly a fourth of

18
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the watershed's total area had been granted to the private industry by 1907 (Figure 2)

(United States Department of the Interior 1999). There were enough old-growth trees to

support some limited animal logging close to streams (Hodges 1978), but presumably

the lack of timber and transportation routes left nearly 40% of the Big Elk's land base

unclaimed and in the public domain. Ben, a forest industry consultant, explains why

private industrial landowners had relinquished nearly all their Big Elk holdings by 1930

(Figure 3):

In fact, C.D. Johnson Lumber Company, as soon as they logged off whatever
old-growth was on something, if it didn't fit in with some ownership pattern that
they had, they'd just let it go for taxes... They were pretty selective in what they
bought, and prior to World War II they didn't buy any second-growth either. If
it wasn't old-growth and Douglas-fir, people weren't interested in it.

As private industry focused its attention elsewhere in the region, the majority of land in

the Big Elk became available to homesteaders and the newly formed U.S. Forest

Service.

4.1.2 Depression and Post-World War 11(1930-1960)

By the 1930s, homesteaders were the most established ownership class in the Big

Elk as they cleared lowlands and burned hillsides for grazing (Figure 3). Their

dominance was short lived however, as economic effects of the depression and county

property taxes the caused many in the Big Elk to forfeit their land to Lincoln County.

Tax delinquency was a statewide phenomenon during the depression as millions of

acres of private land were forfeited to counties throughout Oregon (Dreesen 1940).
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Figure 3. Ownership Change in the Big Elk Creek Watershed, 1907-1998 (Appendix A)
(Butler and Stanfield in prep.). The large proportion land represented by "No Data" in
1907 likely represents land that was unclaimed and still in the public domain.
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The Forest Service, attempting to consolidate its ownership, acquired numerous

homesteads through the Submarginal Lands Program, part of President Roosevelt's

1937 Resettlement Administration (Prior 1998). Guy, who worked for the Forest

Service in the 1930s, explains that along with the agency's strategic acquisitions, its
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strong mission to protect forests from exploitation and fire ended settlers' annual

tradition of "fern burning", an activity aimed at clearing ferns to promote forage for

livestock (Figures 4-6):

And Ed Kirby's job, when he got assigned to District Ranger of Waldport [in the
1 930sJ, was to put an end to fern burning. In the Five Rivers country and
Cannibal Mountain and that was occupied with fern. It still was. And I've
thought many times about how the forest cover type changed.

Removing homesteaders and their burning practices from the Siuslaw National

Forest allowed the widespread regeneration of conifer stands on fern covered hillsides.

With still no market for second-growth timber in this region however, only the Forest

Service and a few private individuals, most notably, T.J. Starker (Fisher 1991), were

looking at land with an eye on it's future timber supply. Despite aggressive attempts

made by Lincoln County to sell its tax land, thousands of acres in the Big Elk sat

unclaimed with little interest from private parties. Without transportation routes into

the area, virtually the only privately owned tracts were the few remaining homesteads

and ranches along the streams.

It wasn't until the beginning of the 1 940s that markets for second-growth timber

started to emerge. Not coincidentally, the first road and significant forest industry

activities arrived in the Big Elk during this time as well. Sawmill owners, often from

the Willamette Valley, would purchase a block of tax land from Lincoln County, and

over the course of two to three years liquidate the timber, relinquish the land, and

relocate to a new timbered property. Forest regeneration practices were largely

uneconomical until the 1960s, therefore land harvested in the Big Elk during this era

usually took one of three land ownership paths; it was purchased by local non-industrial
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owners for grazing, purchased by timber speculators, or as was most often the case,

forfeited to the county once it was logged.

Lincoln County, which needed stable revenue from these forfeited lands, finally

opted to deed its holdings to the state in an agreement that would provide the county

stable revenue from subsequent timber harvests (Figure 3). Larry, a state forester,

explains that this statutory agreement clearly defined the state's management objectives:

If I go back 15 to 20 years, we always had a pretty clear vision in terms of what
we wanted our forest to look like. And if you asked me to go over to that wall
and paint a mosaic of what state lands were, I show you a stand that was almost
entirely Douglas-fir, I'd show you a well-stocked area, pretty rapidly growing
trees... We concentrated pretty much on the economics.

Although a few farsighted timber speculators began to invest in cut-over land in the

1 940s and SOs, for longtime non-industrial owners like Wayne, the combination of

long-held land use traditions and still modest timber markets convinced many to

continue their management focus on grazing livestock:

You could buy timber for 50 cents a thousand [board feet], but you aren't going
to be able to grow it for that. That would have been ridiculous you know, get
trees off and grow some grass or run some cows or something.

With non-industrial ownership concentrated in valley bottoms, this kept a large

percentage of lowlands and riparian areas open.



central Big s set by ho
photograph Resources

Figure 4. Photograph of the Elk Creek Watershed from Hilltop Mountain, March 21, 1934. Fire scares from recent fire mesteaders can be seen on south-facing slopes in the distance (15°
and 500 respectively). This is part of the Osborne Fire Finder series, and provided courtesy of Ken McCall, Heritage Program, Siuslaw National Forest Supervisor s Office, Corvallis,
OR.
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4.1.3 Industrial Forestry (1960-1980)

By the 1960s, prices for second-growth timber had climbed to 50 dollars per

thousand board feet (Adams and Haynes 1996). During the 1960s and 70s, the Big Elk

underwent a rapid transformation of both landowners and land use (Figure 3). Large

corporations, such as Willamette Industries and Georgia-Pacific, began buying out

smaller local timber companies for their timberland, and for the first time large investor-

driven corporations began purchasing open pasture and cut-over land in order to plant

trees for future timber supplies. Gordon, a private industry forester, points out that the

most noteworthy example was when Publisher's Paper, a subsidiary of the Los Angeles

Times corporation, became alarmed by rising paper prices and started buying land:

.the Los Angeles Times folks started buying forestland in the mid to late 60s...
And they must have had a lot of extra money from their newspaper business
because they were paying more for the land than anybody else. And they started
converting that land that was not covered in conifers primarily to plantations of
Douglas-fir. And they did that on a broad scale up and down the coast of
Oregon.

With unprecedented land values, some smaller owners gladly sold their land. Many

others had no economic alternative but to sell out. Of the non-industrial landowners

that did remain, most shifted their management emphasis to growing conifers, however,

despite the increasing economic benefits associated with timberland, several also

continued to use the lowland portions of their property for ranching.

Significant management changes were also taking place on federal land during the

1960s and 70s, as the Forest Service and the BLM were engaged in their own intensive

management programs designed to convert stands of hardwood and mature conifers to
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more productive young conifer plantations. Congressionally set harvest levels guided

the objectives of the Forest Service, which as Eric, a retired forester on the Siuslaw

points out, also affected its foresters' preferences for forest aesthetics, health, and

silvicultural practices:

Actually [during the 1970s] it was clear-cut and burn. In Waldport, it was 110
million [board feet] we had to put out a year in timber. And we had to get it out.
Of course you had to burn it [to get regeneration]... I really enjoyed it.

4.1.4 Natural Resource Conservation (1980-Present)

A drop in timber prices from $150 to $53 per thousand board feet in the early 1980s

(Adams and Haynes 1996) quickly ceased the transition from smaller to larger private

owners and the conversion of economically unproductive land. Larry, a state forester,

explains why Publisher's Paper, which just a decade before appeared to be the most

committed industrial owner, was suddenly unloading tens of thousands of timbered

acres:

Obviously if you end up with investors, they're going to take a different look at
that property. It's just like a stock, if it's doing well we'll continue investing in
it, if it's not, we won't. Publisher's Paper is an example... At some point in
time, an accountant got a hold of it and looked at the paper and said, "What kind
of investment is this?"

Since the market decline of the early 1 980s, the most significant landscape changes

in the Big Elk have resulted not from changes in ownership or markets but rather from

policy. The management shift from intensive timber production to habitat preservation

on public land in the 1 990s, particularly on National Forests, represents yet another
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drastic land use change in this area. In the 1980s, both the Forest Service and the BLM

were attempting to increase timber production by reducing rotation ages and

distributing clear-cuts evenly across the landscape. By the mid-1990s these same

agencies were attempting to create mature forest habitat by thinning younger stands and

connecting large patches of existing late-successional habitat. As Phil, a Siuslaw

National Forest planner explains, harvest levels on the Siuslaw in the 1990s are

approximately one-tenth of levels in the 1980s (Figure 7):

And now under the new plan that we've got, we're looking at thinning
plantations with a target of about 28 million board feet a year. The 7 or 8% of
what we were arguing over back [in the 1980s] is more than the total harvest
now. It's the most complete shift in management emphasis that I think I have
ever seen.
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Figure 7. Annual harvest levels on the Siuslaw National Forest, 1984 to 1998 (Haynes
1998).
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Federal policies, specifically the Endangered Species Act, have also affected the

management practices on state land. Larry, a state forester, confirms that the mission of

his agency has changed with these policy changes, but returning to his mosaic concept,

he differentiates the state from the Forest Service with respect to active forest

management:

if you ask me to paint that same mosaic today, I'd have wider buffers on the
streams. I'd have snags out there, down wood, and you wouldn't see a
monoculture out there... The goal isn't to produce 18-inch sawlogs, it's to
produce habitat types. But alternatively, we will actively manage the grounds to
get that.

Finally, changes to the state forest practices act may have had the greatest effect on

private landowners in the Coast Range. Riparian protection regulations adopted in 1994

(Oregon Department of Forestry 1995) pose particular challenges to non-industrial

owners who still tend to own narrow strips of land along streams. The forest industry

faces many of the same regulatory challenges however riparian zones tend to represent

a smaller percentage of this class' overall holdings. Meanwhile, as with many

economic sectors, private forest landowners, must adapt to policy changes in the face of

larger global economic changes. Although the amount of land represented by the

Private Incorporated class has not changed substantially over the last 20 years,

companies within the class continue to merge, specialize, and consolidate as the try to

stay economically competitive.



4.2 Case Study: Spatial Analysis

The historical interaction of social, economic, and political factors within the Big

Elk forest landscape have resulted in a mosaic today that is extremely diverse in both

land ownership and forest cover (Figure 8). Among all watersheds surveyed in the

Oregon Coast Range, the Big Elk has one of the most diverse and fragmented land

ownership patterns. It ranks second overall in land ownership diversity (SHDI) and

ranks among the bottom 25% of all watersheds for ownership patch size (PSSD and

LPI) and connectivity (CONTAG and TCAI). Similarly diverse and fragmented forest

cover patterns are present in the Big Elk. This watershed ranks among the top 25% in

forest cover diversity, and among the bottom 25% for forest cover patch size, and one

index of connectivity (CONTAG).

Figure 9 summarizes the composition of forest cover by land ownership class in the

Big Elk Creek watershed and the Oregon Coast Range. The overall composition and

the composition within 100-meter riparian zones are provided for both geographic

areas. In the Big Elk, overall percentages generally mirror those in riparian zones with

a few exceptions. The PNI ownership class has a higher percentage of non-forest/mixed

woodland in riparian zones than overall. The small industry class has a lower

percentage of mature forest in riparian zones than overall. Percentages of broadleaf

cover are generally greater for all classes in riparian zones than overall.

In general, percentages of mature forest are greater among the three public agencies

than the five private ownership classes (save small industry). Percentages of broadleaf
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are greater among the four private industry classes than the PNI class and the three

public agencies. The medium industry ownership class has the greatest percentage of

young forest. The PNI class has the greatest percentage of non-forest/mixed woodland.

Percentages seen throughout the Coast Range province are generally similar to the

Big Elk with a few exceptions. Most notably, percentages of mature forest are lower in

the Big Elk across all ownership classes (save small industry) than throughout the Coast

Range as a whole (likely a result of fire history). The small industry class, in contrast,

has substantially greater percentages of mature forest in the Big Elk than throughout the

Coast Range as a whole. The medium industry class' percentages of young forest are

also substantially greater in the Big Elk than throughout the Coast Range as a whole.

Figure 10 summarizes the relative size of forest cover patches by land ownership

class in the Big Elk Creek watershed. Although the ownership classes themselves vary

in tract size and connectivity, all of the land ownership classes contribute relatively

large patches of at least one forest cover class to the Big Elk landscape. Similar to the

composition results, the four patch size metrics collectively reveal that the USFS and

BLM have relatively large patches of mature forest compared to all other ownership

classes. The average patch size (MPS) of mature forest patches on the BLM and USFS

lands are 3.32 and 2.83 hectares respectively. Levels for the small industry, state, and

PNI classes are moderate (1.49, 1.48, and 1.05 respectively), and levels among the

large, very large, and medium industry classes are the lowest (0.76, 0.67, and 0.51

respectively). Although the four private industry ownership classes have relatively

large patches of broadleaf cover compared to the PNI and public agency classes,
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differences are less pronounced than with mature forest cover. Relatively large patches

of regeneration forest are most strongly associated with the large industry and very

large industry classes. The PNI class is the only one to contribute significantly large

patches of non-forest/mixed woodland cover to the landscape (Figure 9).

The strong association between the small industry class and mature forest in the Big

Elk is partially explained by the fact that this class owns <2% of the watershed's total

area. The strong association between the medium industry class and large patches of

young forest in the Big Elk is partially explained by the fact that this class is represented

by a single 640-acre section of land (<2% of the watershed's total area) acquired and

planted by one company in the 1970s.

Finally, results from this study differ slightly from Garman et al. (1999), largely

because the previous study did not differentiate between regeneration forest cover and

non-forest/mixed woodland cover. Our results indicate that, within the Big Elk, the

largest patches on PNI land are represented by non-forest/mixed woodland cover rather

than regeneration forest (contrasting Garman et al. (1999)'s analysis of the province as

a whole). However, despite the fact that slightly different ownership classification

schemes were used, results from this study generally reflect the patterns they found

across the province.



4.3 Oregon Coast Range Watershed Analysis

4.3.1 Regression Analysis

Four of the five landscape metrics used to test for spatial relationships between land

ownership and forest cover were found to be significant among the 66 upland

watersheds. Using Shannon's Diversity Index (SHDI), we found that the diversity of

forest cover types in these watersheds is positively correlated with land ownership

diversity (Table 4). Land ownership diversity explains approximately 40% of the

variability of forest cover diversity in these watersheds. Using Patch Size Standard

Deviation (PSSD) and Largest Patch Index (LPI) we also find, after accounting for

Table 4. Spatial relationships between land ownership and forest cover among 66
watersheds. Relationships are represented as summary statistics from a regression
analysis of five landscape metrics.
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SHDI = Shannon's Diversity Index, PSSD = Patch Size Standard Deviation, LPI = Largest Patch Index,
CONTAG = Contagion Index, and TCAI = Total Core Area Index. The symbol "+" indicates a
significant additive covariate effect, and "*" indicates a significant interactive covariate affect. F-
statistics, p-values, and R2 values are presented both with and without influential cases. Values in
parentheses indicate tests with influential cases included.

Metric Transformation Covariates Influential watersheds F-Stat. P-value R2

SHDI None None Beaver Cr 40.29 <0.0001 0.3978
L.S. Fork Coquille R. (30.03) (<0.0001) (0.3293)
Necanicum Cr.

PSSD Natural Log Region (+) U. Yaquina R. 16.96 <0.0001 0.4012
-Ownership M. Fork Umpqua R. (19.39) (<0.0001) (0.4257)
-Forest Cover

LPI Natural Log Region (+) Beaver Cr. 17.68 <0.0001 0.4 167
-Forest Cover Kilchis R. (8.77) (0.0043) (0.28 15)

CONTAG None None Beaver Cr. 29.27 <0.0001 0.2927
Necanicum Cr. (13.77) (0.0004) (0.1770)
U. Siletz R.

TCAI Natural Log Region (+,*) Kilchis R. 0.16 0.6948 0.1523
-Forest Cover (0.00018) (0.9661) (0.1507)
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significant regional differences, the size of forest cover patches is positively correlated

with the size of land ownership patches in these watersheds. The size of land ownership

patches explains approximately 41% of the variability of forest cover patch sizes in

these watersheds. The significant additive Region effect that was detected for both

patch size metrics reflects the relatively large size of watersheds in the Southern Coast

Range compared to the North and Central regions.

One of the two landscape connectivity metrics is statistically significant. The

Contagion Index (CONTAG) indicated that the connectivity of forest cover patches is

positively correlated with the connectivity of land ownership patches on these

landscapes (Table 4). Land ownership connectivity explains approximately 29% of the

variability of forest cover connectivity on the landscapes. However, using the Total

Core Area Index (TCAI) we found that the core area of forest cover patches on these

landscapes is not significantly correlated with the core area of land ownership patches.

We speculate that the TCAI may be more sensitive to the effects of property boundaries

within ownership classes than other landscape metrics.

4.3.2 Concentrated Watersheds

Our comparison of five watersheds with concentrated land ownership patterns

revealed varying degrees of forest cover diversity and spatial aggregation at the

watershed level. While the watersheds concentrated in USFS, BLM, and very large

industry ownership have low forest cover diversity (SHDI), large patches (PSSD and

LPI), and high levels of connectivity (CONTAG and TCAI) (Table 5), the two

remaining watersheds show contrasting levels. The State-dominated watershed has



38

Table 5. Forest cover connectivity and composition in five "concentrated" watersheds.

Ownership Class % Watershed Contagion Index Rank
(Watershed) Owned by Class Land Ownership Forest Cover Forest Cover Composition

Forest Service Top 5% Top 5%
(Elk R)

BLM Top 25% Top 25%
(U. Smith R.)

State 83 lop 10% Middle 50%
(Kilchis R.)

Private Non-industrial lop 25% Bottom 5%
(Beaver Cr.)

Very Large Industry 90 Top 25% Top 5%
(Necanicum Cr)

Mature Forest
1ZB Young Forest

Regeneration Forest
Broadleaf
Non-forest/Mixed Woodland

Forest cover connectivity is compared to land ownership connectivity using the Contagion Index. Index
values are presented for each watershed as its rank among all 66 Coast Range watersheds.
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only moderate levels of forest cover diversity and connectivity while at the other

extreme, the watershed concentrated in PNI ownership is associated with extremely

diverse and spatially fragmented forest cover patterns across the landscape (Table 5).

Therefore, while in general concentrated ownership is associated with forest cover

patterns that are low in diversity, have large patches, and high levels of connectivity,

these associations also appear to vary depending on the specific ownership class

present.

Finally, even where the structural characteristics of these landscapes are similar, the

forest cover classes that occur in these watersheds can be vastly different (Table 5). For

instance, the watersheds concentrated in USFS, BLM, and very large industry

ownership have very similar forest landscape structure as measured by landscape

metrics, yet they differ vastly in the forest cover classes that comprise this structure.

Forty-one percent of the USFS-dominated watershed is mature forest, compared to 36%

mature forest in the BLM-dominated watershed and only 15% mature forest in the very

large industry-dominated watershed. Likewise, 29% of the large industry-dominated

watershed is broadleaf, compared to 17% broadleaf in the BLM watershed and only

14% broadleaf in the USFS-dominated watershed.

The high percentage of broadleaf cover in the very large industry-dominated

watershed could reflect the establishment of hardwood trees and shrubs in areas that

have been recently harvested. This could also partially reflect classification bias toward

the broadleaf cover class in northern portions of the Coast Range (Jonathan Brooks

pers. corn.). Nonetheless these comparisons illustrate how watersheds with similar
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landscape structure characteristics can facilitate vastly different ecological processes

depending on the forest cover classes and thus the land ownership present.



5. Discussion

5.1 Spatial Patterns

We found the structure of forest cover to be positively correlated with the structure

of land ownership across 66 watersheds in the Oregon Coast Range. When influential

cases are omitted, the structure of land ownership in watersheds explains, on average,

38% of the variability of the structure forest cover (Table 4). In general, we find that 1)

forest cover diversity in Oregon Coast Range watersheds increases with land ownership

diversity, 2) the size of forest cover patches in these watersheds increases with the size

of land ownership patches, and 3) the connectivity of forest cover patches in these

watersheds increases with the connectivity of land ownership patches only. One

landscape metric, the Total Core Area Index (TCAI), failed to show statistically

significant associations between land ownership and forest cover. We speculate that the

lack of significance associated with this metric of connectivity may be due to its

sensitivity to forest fragmentation caused by property boundaries within land ownership

classes (as opposed to forest fragmentation between ownership classes).

Spatial associations between land ownership and forest cover are partly explained

by the unique contributions different ownership classes make to the overall composition

of forest cover in watersheds (Figure 9). Consistent with previous land ownership

studies in Oregon (Spies et al. 1994; Garman et al. 1999), we found public land

ownership classes, particularly federal agencies, to have the greatest association with

mature forest cover. The four private industry classes have the greatest association with

the regeneration and young forest cover classes. The PNI ownership class is the only
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class associated with non-forest/mixed woodland cover. In sum, different land

ownership classes promote different forest cover classes across landscapes. The greater

the mix of ownership classes, the greater the chance landscapes will host a mixture of

forest cover classes.

The unique contributions that the different land ownership classes make are also

apparent where ownership is spatially concentrated. Our analysis of five "concentrated"

watersheds shows that in three of the five watersheds, low ownership diversity and large

connected ownership patches are matched by forest cover patterns that are also low in

diversity and spatially connected (watersheds dominated by the Forest Service, the

BLM, and the very large industry classes respectively) (Table 5). The Forest Service-

dominated watershed is comprised of large contiguous patches of mature forest,

whereas the very large industry-dominated watershed is comprised of large contiguous

patches of young forest. The BLM-dominated watershed is primarily comprised of a

combination of young and mature forest patches.

The remaining two concentrated watersheds, owned by the state and the PNI classes

respectively, also show ownership patterns that are compositionally uniform and

spatially connected. Yet the structure of forest cover in the state-dominated watershed

shows moderate levels of diversity and connectivity, while forest cover in the PNI-

dominated watershed demonstrates extremely high diversity and spatial fragmentation

(Table 5). The distinctively high degree of forest cover diversity and fragmentation

associated with the PNI-dominated watershed is related to the relatively small parcels

which landowners in this class own land and to the great diversity of management

objectives, opportunities, and constraints among them. Although landscapes dominated
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by the PNI ownership class are consistently diverse and spatially fragmented throughout

the range, it could be argued that the high degree of heterogeneity in these landscapes,

when observed at a greater spatial scale, also forms a matrix of fairly uniform forest

habitat. The only difference between the matrix on PNI-dominated landscapes and

those promoted by other land ownership classes is that this matrix is comprised of forest

edge.

The relatively moderate levels of diversity and connectivity present in the state-

dominated Kilchis River watershed reflects the unique history of fire disturbance and

management practices on its lands. The state acquired land in the Kilchis River

watershed along with several hundred thousand acres throughout the north coast

following a devastating series of forest fires in the 1930s, 40s, and 50s, commonly

known as the Tillamook Fires (Wells 1999). Most of the burned area was replanted by

concerned community members (Wells 1999) and today has a fairly uniform blanket of

young forest cover across it. However, western portions of the burn, which include the

Kilchis River watershed, were too steep to plant, and instead were aerially seeded in the

early 1950s. Seeding was most successful on north slopes and at high elevations (Mike

Newton pers. corn.), and today this watershed has a unique heterogeneous forest

structure that mirrors its topography.

Land ownership classes clearly have differences as well as similarities among them.

Because differences between ownership classes are not uniform (i.e. the Forest Service

and the BLM have more in common than the Forest Service and the PNI class), we

should not expect spatial associations between land ownership and forest cover to be

perfectly linear. We also attribute a significant amount of the variability to the



44

influence of historical events such as fire disturbance and reforestation efforts. As

evident from state-dominated watershed, understanding the historical role of fire is

critical to understanding the current structure of this landscape. Yet, just as with fire,

understanding the public values, economic forces, and knowledge of forest

regeneration, which that drove the community's response to the fire, is critical to

understanding today's forest patterns on this landscape (Wells 1999). The influence of

such historical factors on contemporary relationships between land ownership and

landscape structure is exemplified in the Big Elk Creek watershed. Here we found

natural disturbance, markets, policies, and social change, all influencing landowners'

decisions related to land use, management, and tenure.

5.2 Embeddedness

Because of the enoilnous complexity of interactions between motivating factors we

propose the concept of "embeddedness" (Hinrichs 1998) as a useful framework for

organizing and relating the various factors to relationships between land ownership and

landscape structure in the Big Elk. This concept frames economic action, such as

resource production, as inextricably tied to its surrounding social, economic, and

environmental contexts (Granovetter 1985). Within this framework, landowner

decisions are not influenced by single factors, but by all factors simultaneously, thus

creating somewhat different management contexts for ownership classes.

In the literature, social-ecological relationships are commonly framed according to

one of a few main sets of assumptions. Economic factors, such as market prices, capital

availability, and tract size have often been used to predict forest management behavior
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among private landowners (Straka et al. 1984; Romm et al. 1987). Economic factors in

combination with various environmental constraints such as slope, distance to markets

and soil quality have been related to land use (Brouwer 1989) and landscape structure

(Turner et al. 1996). Cultural factors, such as landscape perceptions and values,

knowledge, and social norms, have also been related to landscape structure theoretically

(Nassauer 1995) and in empirical research (Medley et al. 1995).

In the present study, market prices and physical constraints of property were two

important economic factors that emerged from interviews with landowners in the Big

Elk. Stagnant markets during the depression era lead to widespread tax delinquency

among private landowners in the watershed. During this time, most private land that

could not be readily cultivated or grazed was forfeited to the county. A great

percentage of tax delinquent land was subsequently deeded to the state. Today, the

relatively high percentages of young and mature forest on state land in the Big Elk in

part reflects the statutory agreement the state has to produce revenue for its county

partners. Yet the condition of the state's land also reflects the type of land that had the

lowest value during the depression; land that was upslope, physically inaccessible, and

where the establishment of conifer seedlings prevented agricultural activities (Prior

1998).

Economic factors also help explain the rise in private industrial ownership in the

Big Elk during the 1960s and 70s (Figure 3), and the current dominance of young and

regeneration forest cover on these lands. The ability of large corporations to invest

millions of dollars into cut-over and other non-timbered land in response to rising
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timber and falling cattle prices differentiated these owners from small local lumber

companies and PNI owners.

Cultural factors also help explain some land use and management differences

among private landowners. Most interviewees explained that the continued presence of

pastureland in the Big Elk is largely related to an interest among some PNI owners to

preserve landscape aesthetics, family traditions, and a ranching identity. With the

marginal economics of raising livestock in the Coast Range today, capital availability

and market prices poorly explain the continued prominence of this land use on some old

homestead sites.

Many interviewees also recognized cultural influences on the Forest Service's early

forest conservation mission. This agency's broad-scale mission and practices aimed at

protecting forests from fire and exploitation were applied relatively uniformly

throughout the National Forest system (Langston 1995). Because there was often no

economic or ecological justification for their practices, the Forest Service's activities

were largely sustained by national-level social and political forces for decades (Miller

1997). Likewise the broad-scale reduction in timber harvests on National Forests that

occurred in the 1 990s also had stronger ties to the emergence of environmental values in

national level politics than to timber prices (Haynes 1998) or site-specific knowledge

about forest ecosystems in the Oregon Coast Range.

Changing public values have also moved the state to revise its management mission

to address environmental concerns while still adhering to its original mandate to

produce revenue for county governments. The PNJ ownership class owns the greatest

amount of land along streams. Thus, Oregon's efforts to protect salmon habitat through
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its new riparian zone restrictions on state and private land (Oregon Department of

Forestry 1995) have the greatest impact on this ownership class. Yet most interviewees

stressed that, historically, this group has been most affected by estate tax and state

economic development policies (with the latter specifically applying specifically to

resident landowners). Estate taxes were said to increase the likelihood of premature

timber harvesting or loss of tenure. Deficient funding for schools, roads, and health

clinics were said to have encouraged local landowners to sell their property in the Big

Elk, especially when children and elderly family members could receive better services

in metropolitan areas.

As in previous land ownership studies (Medley et al. 1995; Turner et al. 1996; Crow

et al. 1999), we found combination of economic, cultural, political, and environmental

factors influencing relationships between land ownership and landscape structure in our

study of the Big Elk. Also similar to previous studies, the relative complexity of

interactions between these factors made them difficult to identify individually in their

influence on land use, management, and tenure in this watershed. The blurred lines

between economic, cultural, political, and other motivations underlying human behavior

has been noted elsewhere, for example among animal trappers: "These categories may

be more precise conceptually than they are in the empirical world; some, perhaps most

trappers are characterized by a mix of values and motivations that include generating

income, experiencing recreational satisfactions and procuring subsistence resources."

(Muth et al. (1996), as cited in Hinrichs (1998)).

In this study, we identified a strong utilitarian value in individuals representing all

ownership classes. Many believe that the protection of forests from fires, disease, and
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senescence is as much a moral obligation as it is a financial one. Yet, this strong feeling

for preventing waste did not appear to be as fervent until after timber markets made

salvaging lower valued grades and species economically feasible. Much as with fur

trappers, it is difficult to distinguish between economic and cultural motivating factors

of forest landowners in our study area due to the interactions between them, thus

creating the need for a theoretical framework, such as embeddedness, that addresses

these complex interactions.

5.3 Research Contributions and Remaining Questions

This is the first ownership study that has separated private industrial owners into

different groups based on company size or structure. A single class for private industry

has been used in previous studies (Turner et al. 1996; Crow et al. 1999; Garman et al.

1999) and makes for easier interpretation. Yet, a preliminary comparison of several

ownership and forest cover classification schemes revealed that splitting the forest

industry into four classes improved land ownership's statistical association with forest

cover on these landscapes (Appendix D). Although we found few differences in forest

cover composition among the four industrial classes across the coast range as a whole

(Figure 9), we speculate that the explanatory power associated with this classification

scheme may reflect different harvesting schedules among industrial companies. Most

interviewees commented on the diversity of rotation ages, management scales, and

species planted among different private industrial companies, however clear reasons for

differences were not identified from interviews. More research is needed before

definitive conclusions can be made.
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This is also the first ownership study in Oregon that has included "non-forest" cover

types in ownership comparisons, and in doing so has found a significant association

between the PNI ownership class and non-forest land uses. These findings confirm

previous speculation by Garman et al. (1999) that a significant proportion of the

regeneration forest they found on land owned by the PNI class is, in fact, not managed

for forest land uses. In a similar study of three watersheds in Tennessee and

Washington state Turner et al. (1996) reported greater amounts of grassy and un-

vegetated cover on small private ownerships than other classes. The authors speculated

that residential land uses were more common among these owners. The non-

forest/mixed woodland cover class used in this study however, depicts a range of land

uses from ranching to residential (Jonathan Brooks pers. corn.).



6. Conclusion

We found the structure of forest cover to be positively correlated with the structure

of land ownership across 66 watersheds in the Oregon Coast Range. We reject our null

hypotheses, and conclude that forest cover diversity in Oregon Coast Range watersheds

increases with land ownership diversity, the size of forest cover patches increases with

the size of land ownership patches, and the connectivity of forest cover patches

increases with the connectivity of land ownership patches in these watersheds.

We attribute spatial relationships, in part, to the unique associations land ownership

classes have with different forest cover classes. Consistent with previous studies

conducted in this region (Spies et al. 1994; Garrnan et al. 1999) we found public

ownership classes, particularly federal agencies, have the greatest association with

mature forest habitat types, while private industry groups were found to have the

greatest association with young and moderately mature forest habitat types. Private

non-incorporated (PNI) land are associated with a wide diversity of forest cover classes

including non-forested open areas that represent pasture, residential and other such land

uses. When mixed together in a single watershed, the unique associations of these

different ownership classes with forest cover classes promote a greater diversity of

habitats on the landscape.

In watersheds where a single land ownership class dominates, forest habitat tends to

be less diverse and more spatially connected than in watersheds where ownership is

mixed. The ecological value of these watersheds varies depending on the dominant

forest cover class, and thus the dominant ownership class present. It is widely accepted

that the large forest patches in these "concentrated" watersheds provide valuable habitat

50
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to organisms that require relatively homogeneous and spatially contiguous forest

habitat. Thus watersheds with concentrated ownership may limit biodiversity at a fine

scale, but contribute to biodiversity at a regional level through the provision of large

forest patches.

Watersheds dominated by the PNI ownership class present an apparent contradiction

to this pattern. Because landowners in this class own relatively small parcels and

display a wide range of management objectives, opportunities, and constraints, these

landscapes are among the most diverse and spatially fragmented in the entire Oregon

Coast Range. Yet the exceedingly diverse and highly fragmented patterns created by

large blocks of PNI ownership, in a broader sense, may simply represent a distinct type

of forest habitat in which forest edge comprises the matrix.

Although landscapes with highly mixed ownership patterns have long been seen as

an obstacle to large-scale ecosystem planning, our results suggest that they may offer

some value in the way of habitat diversity. Depending on the ecological goals,

landscapes with mixed ownership patterns may be beneficial to some ecosystem

components by providing a diverse array of habitats and supporting biological diversity

at a watershed scale (McGarigal and McComb 1995). Furthermore, what is seen as

fragmented habitat for some organisms could also act as a semi-permeable landscape

for organisms traveling between larger, more contiguous tracts of forest habitat

(Mladenoff et al. 1995). These conclusions have direct implications for federal land in

the Pacific Northwest, particularly with respect to BLM's checkerboard lands.

Clearly the degree of landscape diversity and fragmentation that is desirable

depends on the specific ecological objectives and thus the scale of the analysis.
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Because society places value on a variety of ecological functions, it may be prudent to

maintain some degree of diversity among the types of forest landscapes (from

fragmented to concentrated), in addition to diversity within individual landscapes.

Regardless of the specific objectives, landscape planning efforts aimed at promoting

biological diversity at multiple spatial scales should be cognizant of the role of land

ownership.

How policy makers and landscape planners address issues of land ownership is a

more difficult matter. Our case study of the Big Elk Creek watershed suggests that

contemporary forest cover patterns have been influenced by complex interactions

between numerous factors. Explaining or predicting land use, management, and tenure

decisions with single autonomous factors, such as "management objectives" or

"economic changes", while appropriate for some research questions, also likely

oversimplifies complex interactions between culture, the economy, policy, and the

physical landscape itself. Land management plans and land use projections that do not

account for these interactions could provide misleading information with respect to

future landscape conditions.

Adding to the complexity, we found that, like forest ecosystems, land ownership

changes over space and time. As public values and markets adapt to global economic

and technological changes, so too does the composition and spatial configuration of

land ownership (Heasley and Guries 1995; Sisock 1998). Western society also

frequently assumes property rights to be as rigid as the lines on a map (Fortmann 1996).

However as evident by recent land use and forest practices laws in Oregon, property

rights are also subject to change over time, and these changes will have ecological
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implications (Eckert 1998). Policy makers, landscape planners, and scientists alike will

benefit from updating ownership maps. This extends beyond simply changing the color

of patches to changing the way we classify landowners and represent property on maps.

For example, more accurately conveying the complexity of existing tenurial rights and

obligations.

Ecological systems and land ownership both require study at greater spatial scale

than in the past. Simultaneously, the need for research that is sensitive to the fine-scale

variability in social systems also requires investigations that are more geographically

specific. Land ownership maps represent only a coarse-grain method of depicting

human social systems across space. Since the influence of public perceptions on

landscape management appears to be increasing, participatory research methods that

attempt to integrate human perceptions of places with existing spatial databases offer

promising new approaches to social-ecological research. Whether research is

quantitative or qualitative, inductive or deductive, finding new ways to collect and use

data that is both socially descriptive and spatially explicit remains the principal

challenge for future policy-relevant research in landscape ecology.



7. Endnotes

'A fifth-field watershed refers to the fifth level within a stream system hierarchy (e.g. the Columbia River
watershed represents a first-field watershed in this hierarchy). Watersheds in this study ranged from
4,288 to 78,901 hectares in size. Ownership maps of this province show that fifth field watersheds appear
to host the widest range of ownership patterns (from mixed to concentrated), and thus present the best
opportunity for testing hypotheses.

2 Only five of the nine ownership classes were included in this analysis because four classes were never
found to own more than 60% of the total area in any single watershed. The BLM while only owning 59%
of its watershed, was included because it owns a significant amount of the province (13%).

Historical data limitations require us to use slightly different ownership classes in the Big Elk Creek
case study than those used in the Oregon Coast Range watershed analysis.
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Appendix A: Big Elk Creek Watershed Time-Series Land Ownership Coverage

Background

This appendix summarizes the procedures used to document land ownership change

in one watershed over roughly a 100-year period (Butler and Stanfield in prep.) (Figure

11). Using various data sources, ownership polygon coverages were created for the

years 1907, 1930, 1956, 1979, and 1998 (Oregon Coast Historical Center 1907; Metsker

1930; Metsker 1956; Erdman 1979; Benton County Tax Assessor's Office 1998;

Lincoln County Tax Assessor's Office 1998). These dates were selected based upon

data availability and our goal of obtaining approximately equal time steps among data

sources. In addition to these temporally explicit coverages, we created a coverage of all

homestead entries, homestead patents, and Military Wagon Road and Railroad grants

that were made in the Big Elk Creek watershed between 1859 and 1927 (the period of

time that homesteading was occurring in the study area) (United States Department of

the Interior 1999).

To minimize map registration errors, we used a common digital base map to enter

all ownership data. We selected the 1998 ownership coverage for this base map

because the data sources for this layer were mostly digital and had near perfect

precision. We maintained this high degree of precision by entering the coordinate

geometry of land deeds into spatial data databases (i.e., MicroStationhM and

ARC/INFOTM). We digitized the portion of the study area that had not been previously

digitized by the county tax assessors from 1:24,000 county tax assessor tax maps.





63

consistently represented a small portion of the watershed. We assigned owners that

were listed as companies or other business entities to the "private incorporated"

category. Due to the fact that some companies owned and managed land that was listed

under the name of the company's president, large tracts (i.e., greater than 10 acres) that

were listed under the name of a known company president, founder, or timber purchaser

were also categorized as "private incorporated". We categorized all other private

owners as "private non-incorporated".
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Appendix B: Forest Cover Data

Background

The forest cover data used in this study came from combining two sources: the

"Major Coast Range Vegetation Cover Types, 1995 layer" (Cohen et at. 1995) and the

"Forest/Non-forest" layer (Bettinger et at. 2000). The former layer classified forest

cover into eleven classes based on canopy cover percentages, the proportion of conifer

versus hardwoods in the canopy, and the estimated diameter of trees detected in the area

(complete documentation below). The second layer, a model for non-forest land uses,

was derived by combining the first layer with a layer depicting all fire and logging

disturbances in the Oregon Coast Range between 1971 and 1996 (Cohen et at. 1995).

Where land had not experienced a stand replacing disturbance, yet was classified as

"open canopy" or "semi-closed canopy" by the "Vegetation 1995" layer, new categories

were assigned signifying that land uses other than forest management were taking place.

"Non-forest" was used to replace open canopy. "Woodland" (referred to in this study

as "mixed woodland") was used to replace semi-closed canopy. Additionally, all timber

harvests that occurred within urban-growth boundaries during this 25-year period were

also classified as non-forest. Private industrial land was ineligible for classification as

non-forest or woodland (Bettinger et at. 2000).

For simplicity, we collapsed the original eleven forest cover classes from the

"Vegetation 1995" layer into four simplified classes (Table 6). We then combined the

collapsed layer with the "Forest/Non-forest" layer, thus adding two additional

categories for a total of eight. Areas in the Forest/Non-forest layer that were classified
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as open canopy in the Vegetation 1995 layer and non-forest in the Forest/Non-forest

layer were considered non-forest in our integrated layer. Areas that were classified as

Semi-closed canopy in the Vegetation 1995 layer and woodland in the Forest/Non-

forest layer were considered mixed woodland in our integrated layer. We refer to it as

"mixed" woodland because of the great diversity of pasture, broadleaf, and coniferous

vegetation that I found to be in areas depicted as woodland in the Big Elk Creek

watershed (Stanfield and Blisspers. obs.).

Table 6 Collapsing and integrating the Vegetation 1995 cover classes.

New Cover Class Components from Vegetation 1995

Regeneration Forest Open Canopy, Semi-closed Canopy
Young Forest Mixed (0-50cm), Conifer (0-50cm)
Mature Forest Mixed (>51cm), Conifer (>51cm)
Broadleaf Broadleaf
Non-forest! Mixed Woodland Open Canopy, Semi-closed canopy



Forest Cover Layer Documentation

Coastal Landscape Analysis and Modeling Study (CLAMS)
Corvallis Forestry Sciences Laboratory
DATA LAYER ABSTRACT TITLE: Major Coast Range Vegetation Cover Types,
1995
LAYER PATHNAME: /data/fog/clib/ref/bio/veg95/v95 798gd Last updated: 7/98
FORMAT: Arclnfo
FEATURE TYPE: Grid
KEYWORDS: LANDSAT, vegetation, land cover, Coast Range, classification
RESEARCH AREA/REGION: CLAMS study area, Oregon Coast Range
DATA SOURCE: Raw Data- 1988 and 1995 Thematic Mapper Imagery, EROS data
center Classification- CLAMS Remote Sensing Project
GEOGRAPHIC BOUNDARIES (UTM): Upper Left X: 371925 Upper Left Y: 5123750
Lower Right X: 531125 Lower Right Y: 47188506369 columns x 16197 rows
PROJECTION: UTM, Zone 10 North, Spheroid: Clarke 1866, Datum: NAD27
MAP UNITS: 25m pixels
CREATION DATE: Summer 1998
CONTACT PERSON: Tom Spies - USFS, CFSL (750-7354)
ABSTRACTQR: Alissa Moses - CFSL (750-7279)
CATALOG NUMBER:
COMMENTS:
DATA LAYER DESCRIPTION: This layer was produced by updating the 1988
vegetation coverage for succession and disturbance changes. It was not created solely
through classification of the 1995 imagery. Six classes were interpreted from the 1995
data through an unsupervised classification: open, semi-open, closed, water, cloud, and
shadow. Any pixels in closed canopy classes in 1988 that were in open/semi-open
classes in 95 (had been harvested) were updated accordingly. Pixels in open classes in
1988 that were closed in 1995 (had grown cover) were updated through a reclustering
procedure to place them into small conifer, small mixed, broadleaf, or semi-open. Pixels
that were any of the nine closed canopy classes in 1988 and remained closed in 1995
were kept in their 1988 designation. Lastly, pixels that were cloud or shadow in 1988
and were closed in 1995 (.2% of pixels) were isolated and reclustered into one of the
nine closed classes.
COMMENTS ON DATA QUALITY: Accuracy was not quantified for the entire image
(see 1988 vegetation metadata for closed canopy class accuracy). Observations indicate
a moderate over-prediction of broadleaf forest in the northwest corner of the image
(west of a line from Neskowin to Knappa) due to differing dates in satellite imagery.

CLASSES:
0 Backround
1 Shadow
2 Water
3 Open
4 Semi-Closed
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5 Cloud
6 Broadleaf
7 Mixed, small conifers
8 Mixed, medium conifers
9 Mixed, large conifers
10 Mixed, very large conifers
11 Conifer, small
12 Conifer, medium
13 Conifer, large
14 Conifer, very large

CLASSIFICATION SCHEME:

I. Miscellaneous
Shadow
Water
Cloud

II. Open Canopy
Open (0-40% vegetation cover)
Semi-Closed (4 1-70% vegetation cover)

III. Closed Canopy (>70% vegetation cover)
a. Broadleaf (>=70% broadleaf cover)
b. Mixed (<70% broadleaf and conifer cover)

Small conifers (<=25cm DBH)
Medium conifers 26-50cm DBH)
Large conifers (5 1-75cm DBH)
Very large conifers (>75cm DBH)

c. Conifer (>=70% conifer cover)
Small conifers (<=25cm DBH)
Medium conifers (26-50cm DBH)
Large conifers (5 1-75cm DBH)
Very large conifers (>75cm DBH)
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Appendix C: Land Ownership Data

Land Ownership Layer Documentation

TITLE: Western Oregon Industrial Forest Land Ownership
GIS LAYER PATHNAME: /datalgisinfo/oregonlowneratt
GIS FORMAT: ARC/INFO
FEATURE TYPE: POLY
KEYWORDS: ownership, private, industrial, forest
RESEARCH AREAJREGION: Western Oregon
DATA SOURCE: Atterbury Consultants Inc., USFS, Oregon Wilderness Society
GEOGRAPHIC BOUNDARIES (in long/lat coordinates): XMIN 124.543 YMIN
41.987 XMAX 121.621 YMAX 46.229
PROJECTION: UTM
MAP UNITS: Meters
SCALE OF SOURCE: 1:126720
CREATION DATE: 941212
OWNER: Phil Sollins - (503) 737-6582 - OSU
ABSTRACTOR: Alissa Nesje - (503) 750-7349 - OSU
DATE: 941212

COMMENTS: This coverage is a compilation of ownership information from a number
of different sources of a variety of scales and dates. Private ownership information,
taken from the ACT database, represents 1990-9 1 ownership.

DATA LAYER OR GRID DESCRIPTION: Almost all of the data on private land
ownership was obtained from the ACI database. The only exceptions are the private
inholdings in the Willamette and Umpqua NF's, which were recorded in 1994. The
national forest data was taken from USFS (Willamette and Umpqua) and Oregon
Wilderness Society (Siskiyou, Rogue, Mt.Hood) coverages (except for the Siuslaw NF,
which was included in the original ACT database). A variety of sources were used by
Atterbury, including color coded 1:126720 scale ODF Fire Protection District maps and
1:2000 scale county assessor plats with associated Fire Protection Role listings. Where
information was unavailable from the state, ACT acquired county listings and plat maps
from the county assessor. The ownership was digitized in AutoCAD from the various
sources onto the ACI base, fitting all owner lines to the USGS section lines where they
are concurrent. The coverages were later transformed to ARC/INFO when they were
acquired by the GIS/SSC. Atterbury had originally been contracted to construct a
database for non-industrial privately owned forestland. In other words, industrial land
ownership - the data used in this coverage - was only compiled as a peripheral element
of their original project.

COMMENTS ON DATA QUALITY: Good. Some information may be out of date.
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Appendix D: Classification Scheme Selection

Background

Because we had several options on how to group the forest cover and land

ownership classes, we selected a subset of 25 upland watersheds with which I used to

select classification schemes that were sensitive to FRAGSTATS metrics. We selected

the 25 watersheds using a stratified random sampling procedure, where we stratified the

Coast Range into three regions, North, Central, and South (region boundaries were

previously established by CLAMS), and randomly selected watersheds proportionately

from each region. This meant more watersheds were selected from some regions than

others because of a disproportionate number of watersheds across regions (Table 1-2).

We selected a pair of classification schemes using the correlation coefficients from

three FRAGSTATS measures that we had originally hypothesized would show a

significant relationship between land ownership and forest cover; these were Shannon's

Diversity Index, Patch Size Standard Deviation, and the Contagion Index. Shannon's

Diversity Index (SHDI) was selected as the measure of compositional diversity, Patch

Size Standard Deviation (PSSD) was selected to measure the absolute variability of

patch sizes, and Contagion (CONTAG) was selected to measure the spatial aggregation

of patches on landscapes (McGarigal and Marks 1995). Because we were judging the

performance of classification schemes based on correlation coefficients from three

metrics, we selected a pair of classification schemes that performed well for all three

(Table 7).
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Table 7. Correlation Coefficients from 5 Forest Cover Classification Schemes and 7
Land Ownership Classification Schemes (SHDI, CONTAG, PSSD).

Values in bold indicate the combination of classification schemes that was used for the study. This
combination had coefficients that ranked among the highest for all three FRAGSTATS metrics.

Forest Cover
Classification

FRAGSTATS
Metric

Land Ownership Classification Scheme

Scheme 2 3 4 5 6

SHDI 0.5419 0.5037 0.536 0.55 13 0.5434 0.5342 0.5298
CONTAG 0.255 0.2073 0.2595 0.3054 0.32 0.3038 0.264

PSSD 0.484 0.4842 0.5463 0.5353 0.5307 0.5255 0.51 56

SHDI 0.42 17 0.37 0.36 12 0.4087 0.41 02 0.4039 0.3985
CONTAG 0.0699 0.1499 0.1215 0.1636 0.1936 0.1873 0.1439

PSSD 0.1006 0.042 1 0.1411 0.1368 0.1534 0.1515 0.1144

SHDI 0.61 38 0.598 0.6054 0.6289 0.5925 0.584 0.6018
CONTAG 0.4685 0.4494 0.464 1 0.4928 0.4376 0.42 0.4484

PSSD 0.6365 0.5958 0.6578 0.6599 0.663 0.6574 0.635

SHDI 0.5396 0.5519 0.60 17 0.5771 0.524 0.629 1 0.5661
CONTAG 0.4785 0.4503 0.5366 0.535 0.4673 0.4781 0.51 04

PSSD 0.5893 0.5643 0.6531 0.6437 0.63 12 0.6291 0.6303

5 SHDI 0.4397 0.5638 0.5412 0.4789 0.4446 0.4624 0.4722
S

5

CONTAG
PSSD

0.4676 0.4896 0.51 35 0.4577 0.3747 0.4118 0.4722
0.6966 0.6458 0.7304 0.722 0.7202 0.7204 0.7232



Description of Forest Cover Classification Schemes

The unaltered "Major Coast Range Vegetation Cover Types, 1995" layer (Cohen et
al. 1995) which has 11 forest cover categories (Open, Semi-closed, Broadleaf, Conifer
0-25cm, Mixed 0-25cm, Conifer 26-50cm, Mixed 26-50cm, Conifer 5 1-75cm, Mixed
5 1-75cm, Conifer> 75cm, Mixed> 75cm).

Collapses the 11 forest cover classes from scheme #1 into 6 classes (OpenlSemi-
closed, Broadleaf, Conifer/Mixed 0-25 cm, Conifer/Mixed 26-50cm, Conifer/Mixed 51-
75cm, Conifer/Mixed> 75cm).

Collapses the 6 forest cover classes from scheme #2 into 3 classes (OpenlSemi-
closed/Broadleaf, Conifer/Mixed 0-50cm, Conifer/Mixed> 5 1cm).

Combines classification scheme #2 with the "Forest/Non-forest" coverage (Bettinger
et al. 2000) to make a coverage of six forest cover classes and two non-forest classes
(OpenlSemi-closed, Broadleaf, Conifer/Mixed 0-25cm, Conifer/Mixed 26-50cm,
Conifer/Mixed 51-75cm, Conifer/Mixed> 75cm, non-forest, mixed woodland).

Collapses the 8 forest cover classes from classification scheme #4 into 5 classes
(OpenlSemi-Closed, Broadleaf, Conifer/Mixed 0-50cm, Conifer/Mixed > 5 1cm, non-
forest/mixed woodland).
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Description of Land Ownership Classification Schemes

The original ownership coverage (Atterbury Consultants Inc. 1994) where owners are
put into six classes (USFS, BLM, State, Misc. Public, Private Non-incorporate, and
Private Industry).

Expands the Private Industry classes from classification scheme #1 into classes based
on area owned (Small Industry, < 10,000 ha; Medium Industry 10,000-50,000 ha; Large
Industry, 50,000-100,000 ha; and companies with > 100,000 ha individually;
International Pacific, Longview Fibre, Boise Cascade, Weyerhaeuser, and Georgia-
Pacific). All other classes are kept the same.

Collapses the individual companies owning> 100,000 ha from classification scheme
#2 into a single class (Very Large Industry). All other classes are kept the same.

Collapses the four Private Industry classes into two classes (Small/Medium, <25,000
ha; Large/Vary Large, > 25,000 ha).

Reclassifies the Private Industry class into two classes. The first class is comprised
of corporations that do not own processing facility AND are not publicly traded on the
stock market. The second class is comprised of corporations that have one or both of
these attributes.

Reclassifies the Private Industry class into two classes. The first class is comprised
of corporations that do not own a processing facility and the second class is comprised
of corporations that do own a processing facility.

Reclassifies the Private Industry class into two classes. The first class is comprised
of corporations that are not publicly traded on the stock market and the second class is
comprised of corporations that are publicly traded on the stock market.
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Appendix E: Stream Data

Background

I defined a riparian zone as the area 100 meters on either side of a stream. I made

this decision based on a combination of the resolution of forest cover data (25 meters),

and previous work done on land ownership in the Oregon Coast Range (Gannan et al.

1999). Stream location data came from EPA (Environmental Protection Agency)

1:100,000 streams coverage provided by the Coastal Landscape Analysis and Modeling

Study (CLAMS).
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Documentation

Identification Information:
Citation:
Citation Information:
Originator: Environmental Protection Agency's (EPA) Office of Information Resources
Management (OIRM)
Publication Date: 1995
Title: 1991 USGS DLG Hydrography for the Conterminous United States
Description:
Abstract: The Digital Line Graph (DLG) H layer in the Environmental Protection
Agency (EPA) Spatial Data Library System (ESDLS) National 1:2,000,000-scale
library, provides the stream and canal data, derived from a subset of the 1991 United
States Geological Survey (USGS) "1:2,000,000-Scale Digital Line Graph (DLG) Data"
CD-ROM. The DLG H layer is an ARC/INFO line coverage.
Purpose: The DLG H layer provides data for applications that need to display stream
and canal data at small scales. The EPA GATE WAY/GIS 4.0 and ESTAT applications
are currently the only applications that use this data.
Supplemental Information: Intended use of data: DLG H layer data is intended to be
used with ARC/INFO GIS applications, that require an ARC/INFO coverage containing
stream and canal data, at small scales.
References_Cited: "National Mapping Program Technical Instructions Data Users
Guide 3. US GeoData, Digital Line Graphs from 1:2,000,000-Scale Maps. Data Users
Guide," Department of the Interior, U.S. Geological Survey, Reston, VA, 1990.
Limitations_of_Data: The DLG H layer is at a 1:2,000,000 scale.
Procedures: Steps used in processing the DLG H layer: Step 1. Downloaded the 1:2M-
scale USGS DLG stream/ canal data organized into 21 geographic regions from a CD-
ROM distributed by USGS/ Earth Science Information Center (ESIC). Step 2.
Converted all 21 DLG files into ARC/INFO coverages using DLGARC with optional
argument. Step 3. Added attributes, major2 and minor2, to stream/canal coverage(s) not
containing these attributes. Step 4. Removed map sheet boundaries from all stream and
canal coverages. Step 5. Appended all stream and canal coverages. Step 6. Modified
format of the appended stream/canal coverage to match DLG H layer in IESDLS
national 2M library. Step 7. Inserted the merged highway and interstate coverage into
the DLG H layer of the ESDLS national 2M library using the ARC LIBRARIAN
command, INSERT
Reviews_Applied: The EPA Systems Development Center (SDC) Product Assurance
(PA) Team perforiiied quality assurance and quality control against the DLG H layer
data. The PA Team checked for positional and visual accuracy, and logical consistency
within the defined projection system. Positional and visual accuracy and logical
consistency were verified by viewing each state tile in ArcView 2.0. PA verified the
existence of the DLG H layer for every tile, and also checked the DLG H layer against
the other data layers in that tile (DLG A, DLG CNTY POL, and DLGSTATE_POL). If
any holes or inaccuracies occurred in the data, a Test Incident Report (TIR) was
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generated. Each view was saved as an .xwd file as verifiable objective evidence of PA
efforts.
Other_Related_Data_Sets: "1:2,000,000-Scale Digital Line Graph (DLG) Data on CD-
ROM," USGS/ESIC, 1991.
Notes: None.
Other: None.
Time Period of Content:
Time Period Infonnation:
Range_of_Dates/Times:
Beginning_Date: 1991
Ending_Date: 1991
Cunentness Reference: September 1995
Status:
Progress: Complete Maintenance_and_Update_Frequency: As needed
Spatial_Domain:
West_Bounding_Coordinate: -127.97564
East_Bounding_Coordinate: -65.25502
North_Bounding_Coordinate: 48.27508
South_Bounding_Coordinate: 22.86745
Keywords:
Theme:
Contact Address:
Address_Type: mailing address
Address: 401 M. Street SW
City: Washington, DC
State or Province: DC
Postal Code: 20460
Contact_Voice_Telephone: Please use email nsdiepamail.epa.gov
Native_Data_Set_Environment: EPA Spatial Data Library System in ARC/INFO
(version 7.0.2) on a Data General UNIX server with DG/UX operating system.
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