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This project examined the harvest patterns found on private forestland in

western Oregon (46000 1cm2) between 1972 and 2002. The research addressed

hypotheses concerning the behaviors of different classes of owners as defined

by total amount of forestland owned. Existing forest stand disturbance data

and ownership data were combined using GIS and the Fragstats program to

determine the numbers of harvest patches and percentage of harvest in 250

individual forested parcels ranging from 40 to 110000 km2, for each of seven 3

to 6 year time intervals in the study period. Trends over time and spatial

patterns of harvest by owner were assessed using maps and graphs.

Private industrial forest owners as a groip harvested at more rapid rate

and created more patches than private non-industrial forest owners in western

Oregon over the period 1972-2002. Private industrial owners did not differ in

the numbers of patches created or the rates of harvest over the entire study

period of 1972 to 2002, but small private industrial owners (less than 10,000

hectares), harvested at a significantly more rapid rate than other private



industrial classes during the 1988 to 1991 time period. The number of patches

created from 1972 to 2002 was significantly positively related to the area of the

parcel but not related to the percentage of the parcel that was harvested from

1972 to 2002. Forest harvest rates increased when timber prices increased in

the late 1980s, but did not respond to even higher timber prices in the early

1990s. Controlling for forest owner type and size, forest harvest on private

lands was significantly lower and fewer patches were created in the Kiamath

Mountains province compared to the Oregon Coast Range and the western

Cascades. Parcels in the margin of the Willamette Valley were 1.58 times more

likely than other portions of western Oregon to have been harvested at rates

exceeding 10% per year over some portion of the study period.

These results generally indicate that private industrial owners have a range

of behaviors that are partially explained by owner objectives (industrial vs.

non-industrial) and size of landholdings. Based on these findings, predictions

about future landscape patterns should take into account differences in

objectives within the private industrial class of landowners. In particular, in

western Oregon small private forest owners were quite sensitive to timber

prices and uncertainty in public forest management policy in the late 1980s,

whereas other private industry owners maintained fairly steady rates of

harvest, and most private non-industrial owners refrained from harvest, over

the 1972-2002 period.
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Forest Harvest Patterns on Private Land in Western Oregon
from 1972 to 2002

INTRODUCTION

Human-caused changes in land and resource use are responsible for large

proportions of change across the landscape (Wear and Bolstad, 1998). In the

Oregon Coast Range, forest harvesting is one of the leading human

disturbances. Despite an 80-90% reduction of timber harvest from federal

lands in the Coast Range from the 1980's levels (Spies et al, 2002), forestry on

private timberland continues to be an active sector of the economy in the state

of Oregon because a sizeable share of the productive timberland is privately

owned (Loy et al, 2001).

The pattern imprinted by forest practices on the Oregon Coast Range seen

at the landscape scale is created through stand replacement disturbances from

clear-cut logging and wildfire (Cohen et al, 2002). According to Cohen et al.

(2002), 19.9% of western Oregon, excluding the primarily agricultural

Willamette Valley, was clear-cut between the years 1972 and 1995.

An aerial view of the landscape gives an appreciation of the mosaic pattern

created by forest harvest in the landscape. This mosaic is formed by a

combination of human patterns of land use and land cover, natural

disturbance (e.g. wildfire), and natural landscape patterns such as

topography. Often the most visible patterns are the human patterns formed by
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land use practices such as industry, housing, agriculture and forestry. Land

use is often controlled at various political levels by zoning practices. Within

the pattern of land use, a pattern of land cover can also be seen. For example,

land that is being utilized as timberland has a pattern of land cover created by

forest cutting imposed on the landscape.

The patterns of forest cutting have ecological effects on the surrounding

ecosystems. Franklin and Forman (1987) found that patch size, edge length,

and configuration were important landscape metrics that were determined by

forest cutting practices, and they theorized about the consequences on the

biota of the altered region.

The discipline of studying the effect of patterns in the landscape on

processes such as ecosystems is known as landscape ecology (Turner, 1989).

Using landscape metrics, landscape ecologists quantify the patterns on the

landscape so they can be used in comparisons. For example, Wickham and

Norton (1994) used landscape metrics to show that road and stream segment

densities were correlated with urban and residential land use. Spies et al.

(1994) studied the change in land cover on forested land in western Oregon.

They found that much of the pattern across the forested landscape could be

explained by ownership, especially the difference in management practices

between public and private ownership.
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A number of subsequent studies have explored using ownership as an

explanation of land cover patterns. Crow et al. (1999) used ownership and

landscape geomorphology to explain the spatial heterogeneity of the forested

landscape in northern Wisconsin. Stanfield et al. (2002) looked at the

correlation between land ownership and landscape structure in Oregon Coast

Range watersheds. Both of these studies showed that ownership, public or

private, was a significant factor in explaining variability in the land cover

across the forested landscape. Public ownership was correlated with more

mature forest cover while private industrial ownership was likely to have less

mature forested lands.

In an in-depth study, Turner et al. (1996) investigated land use and land

cover patterns in three different landscapes and found significant differences

between federal, state, and private lands. The authors also investigated why

land use and land cover had changed over time. Slope, elevation, distance to

roads and markets, and population were all found to be significantly

associated with land cover and land uses changes.

Industrial lands, which are defined as forestland that is owned for the

specific purpose of growing and harvesting forest products, are principally

owned by large corporations. Most of these lands changed owners over the

period 1990 - 2005 as owners left the Pacific Northwest region or attempted to
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aggregate their holdings. Forest industry owners often have wood processing

operations as part of their business while non-industrial owners do not

Private non-industrial owners have a different agenda that often includes

residential concerns as well as some aesthetic goals. Although these small

owners comprise 12% of the forestland, they only supplied about 5% of the

harvest in Oregon between 1960 and 1990 (Beuter, 1998). The broad

differences in behavior seen between these two categories of owners have

been attributed to the size of land holdings, financial capabilities, management

objects and landholding philosophies (Lettman and Campbell, 1997).

One study has been completed in western Oregon studying the past

behavior of private land owners. A historical analysis of timber harvest

practices on the private forest land in western Oregon was completed by the

Oregon Department of Forestry in 1997 (Lettman and Campbell, 1997). The

study examined harvest practices by looking at the aggregate harvesting

behavior on industrial land and non-industrial land based on the agency's

internal records. The authors concluded that variation in timber harvesting

behavior could be explained by stand variables of per acre volumes and

growth rates and that increasing forest practice regulation was not the

dominant factor in timber harvesting decisions (Lettman and Campbell, 1997).

Another study that characterized harvest patterns and fire disturbance

across western Oregon used satellite imagery (Cohen et. al., 2002). The study
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looked at the differences in harvest patterns between public and private

landowners among different physiographic provinces between 1972 and 1995.

The study found that private industrial owners were clustered in the Coast

Range province which contributed to high rates of harvest there. The public

land dominated Kiamath Mountains and Western Cascades province had

lower concentrations of cutting and more wildfire (Cohen et al., 2002).

No studies to date have looked in detail at the land cover change behavior

of various classes of private landowners. In addition to divisions between

industrial and non-industrial owners, forest land owners may have small or

very large land holdings. By examining smaller pieces of the landscape rather

than the entire landscape of private landowners, the behavior of individual

landowners as well as classes of landowners can be tracked through time.

Both the objectives of the forestland owners (industrial vs. non-industrial) and

the size of the holding would be expected to influence the rate and spatial

pattern of forest harvest. The present study tested this proposition by

quantifying the number of patches and the percent of area harvested on 50

examples of each of five private ownership classes in western Oregon between

1972 and 2002.
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STUDY AREA

The study area was western Oregon, defined as the area west of the

Cascade Mountain Range. The eastern boundary of the study area was the

Cascade crest which corresponds to the eastern boundaries of seven counties

(Figure 1). The study area extends from the Columbia River, the northern

border of Oregon, to the southern border of Oregon in the Klamath

Mountains; the west boundary of the state is the Pacific Ocean. Excluding the

agricultural Willamette Valley, the study area contains several major forest

vegetation zones and a complex pattern of geology, climate, ownership and

land use patterns.

1375 560 60on.s

Figure 1 Map of Oregon with major cities. The study area of western
Oregon is highlighted.
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Physiography
Physiographic provinces are

"relatively homogenous areas" based

primarily on geology and climate

(Franklin and Dyrness, 1973). There are

four physiographic provinces in the study

area: the Coast Range province, the

Willamette Valley, the Western Cascades,

and the Kiamath Mountains (Figure 2).

The Willamette Valley is primarily urban

and agricultural and is not included in

this study. A detailed overview of the

geologic and soil characteristics of these
37 5 75

Source Data from the Regional Ecosystem Office
htlp Jlvmw reo govlgisldatalgisdatai

provinces is available in Franklin and Figure 2 The Physiographic
Regions of Oregon

Dyrness (1973 and 1988). The Coast

Range province has very high relief with elevations that from about 450 to 750

meters (Franklin and Dyrness, 1973). The portion of the Klamath Mountains

province contained in Oregon is often referred to as the Siskiyou Mountains.

Elevation in the Siskiyous varies from approximately 1200 m in the east of the

province to 600 m nearer the ocean. This province is distinct from the rest of

Oregon since it contains rock formations that are older than the rest of Oregon

(Franklin and Dyrness, 1973). The Western Cascades province excludes the
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major peaks of the ranges and consists of older volcanic flows. Main ridge

crests in the western Cascades average about 1500 meters in elevation. The

landforms in the region were primarily formed by ancient volcanic activity,

and have been subsequently altered by glacial activity (Franklin and Dyrness,

1973).

Climate
The National Climatic Data Center has divided Oregon into nine climatic

zones that have similar precipitation and temperature characteristics (Taylor

and Hannan, 1999). Western Oregon includes three climate zones: the Coast

Area, the Willamette Valley and the Southwestern Interior (Figure 3). In-depth

descriptions of the climate can be found in Taylor and Hannan (1999).

The Coastal Area climate zone extends inland from the coast to the eastern

slopes of the Coast Range. The area is characterized by wet winters, relatively

dry summers, and mild temperatures throughout the year (Taylor and

Hannan, 1999). Proximity to the ocean provides the moist air masses

responsible for the heavy precipitation that ranges from 65 to 90 inches on the

immediate coast up to 200 inches on the west slopes of the range and

persistent cloud cover.

The Willamette Valley climate zone extends from the eastern slopes of the

Coast Range to the western slopes of the Cascades. The relatively mild climate

of the Valley is characterized by cool, wet winters and warm, dry summers,
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like the Coastal Area. Growing seasons are long and moisture is abundant

Elevation is the primary driver of the precipitation received which ranges

from 40 inches on the valley floor and upwards of 80 inches in the foothills on

either side of the valley (Taylor and Hannan, 1999).

Typified by rugged

mountains, the Southwestern

Interior climate zone is

sheltered from the Pacific

Ocean on the west by the

Coast Range. This region

receives the most extreme

temperatures in the region

because of the effective

separation from the

moderating influence of the

ocean. Like the rest of western

Oregon, the Southwestern

Interior climate region is typified by precipitation during the winter months

and warm, dry summer months. The amount of precipitation is controlled by

elevation and ranges from less than 20 inches per year in the dry zone that

includes the Medford area to over 50 inches at Mount Ashland. Unlike other

Figure 3 Climate Regions in western
Oregon Derived from data provided by
the Oregon Climate Service
httpf/www.ocs.oregonstate.edw'index.html



portions of western Oregon, this region remains cloud-free for most of the

summer (Taylor and Hannan, 1999).

Vegetation
Western Oregon contains several different forest vegetation zones. The

coastal fog-associated Sitka Spruce Zone is found along the coast and is only a

few kilometers wide. The rest of the Coast Range province and the West

Cascades province are in the Western Hemlock zone. In the south, much of the

Klamath Mountains are designated as Mixed Conifer and Mixed Evergreen

Zones (Franklin and Dyrness, 1973). Many types of trees are found within the

study area but conifers are typically dominant. Exceptions to this rule are

riparian areas which re dominated by hardwood trees. Douglas fir

(Pseudotsuga nienziesii) and western hemlock (Tsuga heterophylla) are found at

the center of their geographical distribution and attain their maximum

productivity in this region of the world because the mild, moist climate of the

region provides ideal growing conditions for the species (Franklin and

Dyrness, 1973).

History of Oregon Forestland
The Oregon Department of Forestry (ODF) has published a small book

containing the history of timber harvesting in Oregon. Ignoring any Native

American activities, the account starts in 1827 with the first sawmill along the

Columbia River near Fort Vancouver. Allegedly the first sawmill west of the

10
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Mississippi, it was capable of rough-cutting enough lumber to build a house

in just a week When Europeans arrived to settle in the Oregon Territory

around 1850, trees were primarily seen as a nuisance. In their quest to create

farms, the settlers had to remove trees and stumps using axes before they

could begin planting their crops. It wasn't until the turn of the 19th century

that timber became a recognized economic resource (ODF, 1982).

The invention of the chainsaw in 1905, which aided timber harvest, and the

steam engine, which aided in transporting the logs, created a boom in

Oregon's timber industry. In 1911, the Oregon legislature created the Board of

Forestry, the job of State Forester, and the State Forestry Department. Fire

protection was seen as a critical component of the industry because the public

had seen large fires in the last fifty years. This led to local fire associations,

watchtowers, and the "Compulsory Fire Protection Act" in 1913 that required

landowners to pay their share of the fire fighting and suppression costs.

Although the first efficient log trucks appeared in 1930, timber production

dropped from 5.3 to 1.7 biffion board feet between 1929 and 1930 as a result of

the stock market crash. Private landowners didn't pay taxes and their land

was foreclosed by the counties. A dry climate trend during the 1930's led to

huge forest fires such as the infamous Tillamook Burn, which consisted of

three fires in 1933, 1939 and 1945. But despite the hard times, by 1938 Oregon
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had a limber output higher than any other state in the nation at 4.7 billion

board feet (ODF, 1982).

In 1941 Oregon passed the "Oregon Forest Conservation Act" that required

reforestation after harvests on private land. After World War II, the workforce

was re-established and the nation was ready to accept douglas fir as a source

of timber instead of the traditional yellow pine from the eastern market A

huge reseeding effort was undertaken in the region of the Tilamook Burn

using airplanes to deliver seed to almost 100,000 acres. Log production surged

to 9.8 billion board feet in 1952 which is still the largest on record (ODF, 1982).

The next decade saw a movement toward managing timber more like a

crop. Chemicals and fertilization were introduced to increase growth and limit

pests. The practice of thinning forests to encourage larger trees was

introduced. Plans were made for conserving soil for the next crop of trees by

careful placement of roads and using "best management practices" (ODF,

1982).

The 1970s introduced an era of environmental protection in the nation and

the state. In 1972, the "Oregon Forest Practices Act" was adopted by the Board

of Forestry. Over the 1970's and 1980's Federal land was subject to an

increasing number of lawsuits which decreased output on federal lands while

demand from consumers increased. In response, the Oregon State Board of
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Forestry concentrated efforts on increasing output from small woodland

owners that owned non-industrial forestland (ODF, 1982).

The federal environmental laws of 1969 - 1976, such as National

Environmental Protection Act (NEPA), the Endangered Species Act (ESA),

and the National Forest Management Act (NFMA), resulted in litigation that

ultimately halted a majority of the logging on federal lands in western Oregon

by the end of the 1980s (Lettman and Campbell, 1997). In their study of

harvest practices and trends, ODF found that in response there was increased

clear cuffing on private lands in western Oregon and an increase in harvesting

by non-industrial owners in the 1990's (Lettman and Campbell, 1997). More

recently, Franklin and Johnson (2004) have noted that the forest industry is

relocating plantation forests from the Pacific Northwest to the southern

hemisphere as a result of globalization.

Current ownership patterns of forestland in western Oregon
Much of the land in western states is under federal ownership and Oregon

is no exception. In western Oregon, which contains about 4.6 million hectares

of forestland, 54% of the forestland is owned and managed under the USDA

Forest Service (USFS) or the USD1 Bureau of Land Management (BLM). A

majority of the remaining, about 38%, is under private ownership as either

industrial or non-industrial forestland (Cohen et al, 2002).



14

METHODS

This study involved four steps: 1) acquisition of the primary data required

for the analysis and assessment of the data, 2) GIS analysis of the data, 3) map

creation and 4) a statistical analysis.

Data collection and GIS layers
The research was based on analysis of two spatial data layers: the location

of clearcuts over the period 1972 to 2002 hereafter called the "forest harvest

layer" and tax parcel boundaries as of 1992 classified by ownership, hereafter

called the "ownership layer."

Forest harvest layer
A 25-rn resolution data layer, showing all harvest and fire disturbances in

western Oregon and western Washington for 1972 - 2002 was obtained from

the Laboratory for Applications of Remote Sensing in Ecology (LARSE) at the

USDA Forest Service Pacific Northwest Research Station. The data layer

displays harvest and fire disturbance patterns across the landscape using

change detection analysis of remotely sensed Landsat data (Figure 4).

The layer was created by overlaying of a series of Landsat images and

creating a disturbance index image. This image was classified using

supervised classification and the noise, known as speckle, was ifitered out (S.

Healey, personal communication, 2004). The layer was created by LARSE in

2004 and includes disturbances detected through 2002. In 1998, the method
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used for obtaining the forest stand disturbance data was found to have an

accuracy of 88% (Cohen et a!, 2002).

In preparation for use with this study, the forest harvest layer was clipped

to the extent of the Oregon borders. The clipped layer was reclassified using

GIS so that each of the original time periods of harvest represented in the

original layer (Table 1) could be exported into a separate layer showing the

harvested areas during each available time period (Figure 5).

Table 1 Time periods of harvest found in harvest layer
(Healey et al, unpublished data)

1972-1977
1977-1984
1984-1988
1988-1991
1991-1995
1995-2000
2000-2002
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Source: Healey et al, unpublished data, Pacific Northwest Research Station

Figure 4 Forest stand disturbance in western Oregon and Washington:
Harvest, Fire and Volcanic. Landsat view from 1972 through 2002
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Figure 5 The
(see Table 1).
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Forest Ownership Layer
The ownership layer used for this study was created in 1992 based on

digitized tax parcels grouped by forest landowner categories (Table 2) as of

1991. The data layer was commissioned by the Oregon Department of Forestry

(ODF) in the early 1990's and was completed in 1992 by Atterbury

Consultants, a consulting firm located in Portland, OR. Subsequently, this

layer, commonly referred to as the "Atterbury layer," was checked for

accuracy and further corrected under the direction of Dr. Philip Sollins from

the Department of Forest Science at Oregon State University. The data layer

(Figure 6) contains digitized tax parcels for forestland throughout western

Oregon and was classified by ownership class such as private non-industrial,

private industrial, US Forest Service, Bureau of Land Management and state-

owned lands using data from ODF (Table 2). The private industrial lands were

categorized into size classes based on the total number of hectares of land

owned within the state of Oregon. The largest categories of private industrial

lands were identified by their original owner as of 1992 and were combined

for the analysis as extra-large industrial lands (Table 3). Although land

ownership has no doubt changed since 1992 for this analysis the changes in

ownership were assumed to be between owners within the same class.



Table 2 Ownership Classes in the Atterbury layer.

Table 3 Criteria for Ownership Classes for private forest land used in the
analysis. Classes were derived from "Western Oregon Forest Land
Industrial Forest Land Ownership" Oregon State University, 1992

19

Private Non-industrial

Small industrial owner

Medium industrial
owner

Large industrial owner

Extra-large industrial
owner

pm

small

medium

large

extra-large

Based having less than 18 employees

Corporate owner with less than
10,000 ha

Corporate owner with 10,000-50,000
ha

Corporate owner with 50,000-100,000
ha

Corporate owner with greater than
100,000 ha

Class Name Abbreviation Description

Combined
Used in into Extra-
analysis large Private

Industry
U.S. Forest Service

Bureau of Land Management
State of Oregon

Private non-industrial
No data

Miscellaneous public
ownership

Weyerhaeuser Corporation
Cavenham Forest Industries
Boise Cascade Corporation
Georgia Pacific Corporation

International Pacific
Longview Fibre Company

Large Private Industry x
Medium Private Industry x

Small Private Industry x
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A

public (fs, bim, state)
extra-large private industrial

large private industrial
medium private industrial

small private industrial

[TI private non-indusDial

Sour Oigon ete Urt 1992

Figure 6 Atterbury layer showing different ownership classes including
public ownership and the private ownership classes for land in western
Oregon. The Atterbury layer and metadata are available for download on
the Oregon Geospatial Data Clearinghouse website at
http*7www.gis.state.or.us/data/alphalisthtml under Forest Ownership.
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Study Parcel Selection
Study parcels were selected from the ownership layer described above.

Each parcel represents a single tax lot and is not the entirety or even a

representative sample of the owner's landholdings. The data representing the

entire landholdings of owners wasn't feasible for this study as the data for the

entire time period of 1972 and 2002 wasn't available and it was expected that

owners may behave differently across the study area of western Oregon. The

effects of ownership class were examined at the scale of individual parcels

because the parcel (tax lot) is the standard division of land ownership

available and it is expected that by choosing a large enough sample the parcels

wifi be representative of the behavior within the entire ownership class.

In the analysis, 50 parcels were chosen at random from each of 5

ownership class in Table 3 for a total of 250 study parcels (Figure 7); the extra-

large class was treated the same as any other class. Random selection of

parcels was completed using an ArcGIS script and the selected parcels were

subsequently saved into a separate layer for analysis. An overview of the area

and spatial distribution of the study parcels can be found in Appendix A.
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centroid of selected parcels final analysis

Figure 7 The 250 study parcels in western Oregon that were selected for the
analysis
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Dependent variables for analysis
The harvest pattern on each study parcel was theorized to be a function of

characteristics of the study parcel and the owner. The primary hypothesis was

that the harvest pattern would differ by ownership class, as defined in Table 3,

and would be related to the area of the study parcel.

Two metrics, the number of clearcut patches and the percentage of the

study parcel harvested, were used to quantify the harvest patterns. The

number of patches (NP) is the count of clumps of a specified type. In this

analysis, the NP represents the number of clearcut patches present on a study

parcel. The number of patches found in the study parcel is clearly related to

the area of the parcel but can also represent the number of actions taken by the

owner as well provide a clear description of the harvest pattern on a study

parcel. The percentage of each study parcel that was harvested (PLAND) in

each time period as seen in the forest harvest layer was also calculated. The

percentage of parcel was chosen as a variable so that the pattern would be

insensitive to the area of the parcel. After calculating the average annual

percentage of the study parcel that was harvested, the parcels having more

than 2% average annual harvest or more than 10% average annual harvest

were identified. These harvest rates are an indication of the rotation period of

the timber within the study parcel. A 2% harvest rate would indicate a 50 year

rotation while a 10% harvest rate shows a 10 year rotation. The percentage of



harvested area and the number of patches were calculated for each study

parcel using FRAGSTATS 2.0 (McGarigal and Marks, 1995).

Table 4 List of Dependent Variables calculated for analysis

24

FRAGSTATS is a computer software program that computes a wide

variety of landscape metrics from categorical maps. The original software

(version 2) was released in the public domain in 1995 in association with the

publication of a USDA Forest Service General Technical Report (McGarigal

and Marks 1995). The software is available for download at

http://www.umass.edu/ landeco/research/fragstats/fragstats.html. For this

analysis, the software was utilized to generate landscape metrics from a raster

image of each study parcel during each time period. Subsequently, each

metric was normalized by the number of years in the time period.

Harvest percent and number of patches were calculated using Fragstats for

each of the 250 parcels for each of seven time periods. The seven raster files

showing change for each of seven time periods between 1972 and 2002 (Figure

5) were clipped into 250 smaller pieces representing the harvest patterns for

each study parcel during each time period. A script, found in Appendix B,

was written to accommodate the automatic analysis of the large number of

Independent
Variables Description

NP Number of harvest patches (clearcuts) in study parcel

PLAND Percentage of study parcel harvested



study parcels. The script was written to utilize the ArcObjects framework

provided by ArcGIS 9.0.

Statistical methods
The final step of the analysis was to seek patterns within the data using

statistical analysis. ANOVA was conducted to determine if harvest patterns

between 1972 and 2002 differed by ownership classes (rable 3). Summary

statistics and histograms were generated to provide visual aides in looking for

patterns. Maps were created to display spatial patterns of key variables for

each of the seven periods by ownership class. Key variables were plotted over

time. Spatial distributions of data through time were mapped using ArcGIS

9.0 and examined.

25
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RESULTS

Number of harvest patches related to area of parcel
It was found that the number of patches created on the parcel over time

was strongly correlated with the area of the parcel. Larger parcels of land were

found to have more harvest patches. A simple linear regression relating the

natural log of the area of the parcel and the natural log of the number of

harvest patches created between 1972 and 2002 was found to have an r2 value

of 0.53 (Figure 8). As the size of a parcel increases, the relationship is

somewhat weaker and underestimates the number of patches (Figure 8).

y = 0.5655x -2.454
R2 =

natural log of hectares

Figure 8 This is a scatterplot of the area in hectares of 250 study parcels in
western Oregon and the number of harvest patches created on them
between 1972 and 2002 as seen in the forest harvest layer and calculated by
FRAGSTATS. Also shown is a simple linear regression
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Figure 9 A residual plot relating the residuals from the relationship between
the area of the parcel and the number of harvest patches created on astudy
parcel between 1972 and 2002 to the area of the study parceL The 250 study
parcels are located in western Oregon. The residuals are shown by the five
ownership classes used in this study.
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The relationship between the size of the parcel and the number of patches

created holds true across each of the five private ownership classes (Figure 9).

A majority of the study parcels from the small, medium, and extra-large

private ownership classes have very small residuals. The private non-

industrial ownership class is more likely to have fewer patches than predicted

by the relationship while the large private industrial class fits least well with

the number of patches equally likely to be overestimated or underestimated

by the equation and the broadest range of residuals (Figure 9).

Private non-industrial and small private industrial harvest
patterns are different

ANOVA (Analysis of Variance)
In the analysis, the standard deviation in the annual average harvest

percentage for a single owner between 1972 and 2002, the maximum harvest

percentage in any time period, and the total percent harvested between 1972

and 2002 varied significantly among ownership classes while the standard

deviation in the annual average number of patches created did not For the

statistics that were found to be significantly different, the Tulcey simultaneous

comparisons of the groups showed that the private non-industrial group was

found to differ from the extra-large industrial group and the small industrial

group (Table 5). The statistical differences found in the total percentage of the



study parcel that was harvested may be subject to bias because the data is

proportional and not continuous.

Table 5 ANOVA analysis for a) the standard deviation for harvest patches,
b) the standard deviation for the percentage of harvest, c) the greatest
percentage harvest in any time period and d) the total percentage of harvest
between 1972 and 2002. Group mean in the same column followed by the
same letter are not significantly different from each other according to
Tukey's highest significant difference multiple comparisons procedure with
an overall protection level of p <0.5.
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Ownership class n mean

Standard Deviation for
the average number of
harvest patches annually

Standard Deviation of
average annual percent of
study parcel harvested

Greatest average annual
percentage of study parcel
harvested

Total Percentage of
study parcel harvested
between 1972 and 2002

private non-industrial 50 0.14a

small private industrial 50 0.19a

medium private industrial 50 0.26a

large private industrial 50 0.51a

extra-large private industrial 50 0.46a

private non-industrial

small private industrial

medium private industrial

large private industrial

extra-large private industrial

50 1.09a

50 2.82b

50 2.23ab

50 2.Olab

50 2.81b

private non-industrial

small private industrial

medium private industrial

large private industrial

extra-large private industrial

50 2.84a

50 7.34b

50 5.84ab

50 5.28ab

50 7.33b

private non-industrial 50 13.60a

small private industrial 50 32.60b

medium private industrial 50 29.3Oab

large private industrial 50 27.3Oab

extra-large private industrial 50 38.lOb



Over the entire study period of twenty years, 42 study parcels (just over

16%), experienced a single patch of harvest disturbance between 1972 and

2002. This behavior was rather consistent across all ownership classes (Table

6). The private non-industrial class was the least likely to only have a single

30

Total number of harvest patches created between 1972 and 2002
Between 1972 and 2002, the 250 study parcels in this study added harvest

patches to the landscape (Figure 10). In a majority of the study parcels (184 of

250) 5 or fewer harvest patches were created. Fifty four of the 250 study

parcels (21.6%) showed no signs of harvest from the remotely sensed images

for 1972 to 2002 (Table 6). Almost half (24 of 50) of the private non-industrial

study parcels had no harvest between 1972 and 2002, but only 5 of the 50

medium private industrial study parcels had no harvest

Table 6 The number of harvest patches added to the landscape as seen in
the forest harvest layer and calculated by FRAG STATS between 1972 and
2002 in the 250 study parcels that were located in western Oregon. The
frequencies are shown by the five private ownership classes used in this
study.

0 1 2 3 4 5
Greater
than5

private non-
industrial
small private
industrial
medium private
industrial
large private
industrial
extra-large
private industrial

24

10

5

7

8

7

8

8

11

8

5

9

7

10

4

3

7

6

5

7

3

3

4

1

4

2

2

5

2

1

6

11

15

14

18

Total 54 42 35 28 15 12 64
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patch (7 of the 50 study parcels). The large industrial ownership class had the

most (11 of 50) study parcels with a single patch between 1972 and 2002 (Fable

6). About 10% of the study parcels (23 of 250) created more than 10 harvest

patches in each group. In each of the private industrial classes, a majority of

the study parcels created 1 to 5 harvest patches between 1972 and 2002. There

were 3 study parcels in the large and extra-large private industrial ownership

class that added more than 200 harvest patches.

25

20

15

10

5

0
more than 10

number of patches created between 1972 and 2002

Figure 10 The number of harvest patches added to the landscape as seen in
the forest harvest layer and calculated by FRAG STATS between 1972 and
2002 in 250 study parcels located in western Oregon. The frequencies are
shown by the five private ownership classes used in this study.

The private non-industrial group had the lowest number of patches

created per parcel except for the "more than 10 patches" category. The small

private industrial group had a comparable number of study parcels (30) in



the "1 to 5 patches" category as the other private industrial classes but had

fewer study parcels in the higher patch creation categories.

Percentage of study parcels harvested between 1972 and 2002

During the 30 years study period, less than 10% of the area was harvested

on 106 of the 250 study parcels. This was the case for 36 of the 50 private non-

industrial parcels but only 13 of the 50 extra-large private industrial parcels

(Figure 11). The remaining parcels were well distributed along the continuum

all the way up to the entire study parcel being harvested. Four of the 50 small

private industrial study parcels harvested most of the study parcel.

percent area harveed between 1972 and 2002

medium prriete industilal

Figure 11 The total percent of the study parcel harvested as seen in the
forest harvest layer and calculated by FRAGSTATS between 1972 and 2002
in 250 study parcels located in western Oregon. The frequencies are shown
by the five private ownership classes used in this study.
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Coefficient of variation by ownership class
The study parcels had higher coefficients of variation for the percentage of

the study parcel harvested than for the number of harvest patches (Table 7). A

higher coefficient of variation means that there was higher variation in the

harvest pattern appearing in the study parcel between 1972 and 2002; a lower

coefficient of variation means the values were consistent during the study

period. The private non-industrial ownership class study parcels had the least

variation between 1972 and 2002. The industrial ownership classes were each

fairly well distributed among the three categories of coefficients of variation.

Table 7 The distribution of the coefficient of variation of 250 study parcels
located in western Oregon by the five private ownership classes used in this
study for a) number of harvest patches and b) percentage of study parcel
harvested. The coefficient of variation was calculated to show how owner
behavior on parcels varied between 1972 and 2002. The three ranges of
coefficient of variation were determined by dividing the entire 250 study
parcels into equal size bins. Frequencies are shown by the five private
ownership classes used in this study.

Coefficient of
variation

private
non-
industrial

small
private
industrial

medium
private
industrial

large
private
industrial

extra-
large
private
industrial

a) 0.0 to 1.06 29 13 13 13 15

Number
of

harvest
patches

1.07 to 1.79

1.8 to 2.65

9

12

21

16

18

19

14

23

24

11

b) 0.0 to 1.4 28 12 15 14 15

Percent
of study
parcel

harvested

1.41 to 2.41

2.42 to 2.65

9

13

21

17

17

18

15

21

21

14



34

Private non-industrial and industrial harvest patterns differ

Percentage of study parcel harvested and hectares harvested
In almost every time period, the private non-industrial class had the lowest

annual percentage of the study parcel harvested (Figure 12). There was a peak

in the 1984 to 1988 period in the private non-industrial class. The small private

industrial class began with a low average annual harvest but rapidly increased

harvest with a peak above all the other ownership classes in the period of 1988

to 1991. After the 1988 to 1991 period, the small private industrial class didn't

ever return to the lower rates of harvest before that time. The extra-large

ownership class had a peak during 1988 to 1991 as well but is relatively

constant through the other time periods. The medium and large private

ownership classes were relatively unchanged between 1972 and 2002.

In the same data graphed by the absolute amount of land that was

harvested the results are somewhat different (Figure 13). The private non-

industrial class harvested the least amount of hectares in every time period

and had a peak between 1984 and 1988. The small private industrial class had

an increase in harvest between 1988 and 1991. The extra-large private

industrial class is slightly different in that the number of hectares harvested

was high between 1984 and 1988 as well as 1988 to 1991. The large private

ownership class showed an increase in harvest with a drop in the 1994 to 1995

time period and the medium private ownership class remained unchanged.
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Figure 12 The annual average percentage of harvest as seen in the forest
harvest layer and calculated by FRAGSTATS for 250 study parcels located
in western Oregon in each of the time periods from the disturbance layer
shown by the five private ownership classes used in this study.

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

0

1972-1977 1977-1984 1984-1988 1988-1991 1991-1995 1995-2000 2000-2002

Time periods

medium private i

Figure 13 The annual average number of hectares harvested in each time
period as seen in the forest harvest layer and calculated by FRAGSTATS for
250 study parcels located in western Oregon in each of the time periods
from the disturbance layer shown by the five private ownership classes
used in this study.
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Study parcels with greater than 2% average harvest per year
The private non-industrial, small private industrial and medium private

industrial study parcels had low harvest between 1972 and 1984. During this

time period, only 2 or fewer study parcels in each class of 50 had more than

2% average annual (fable 8). After 1984, harvest rates in these classes

increased. More than 3 study parcels in each class of 50 had more than 2%

average annual harvest in the four private industrial ownership classes

between 1984 and 2002. The private non-industrial class remained at low

harvest percentages with no more than 3 study parcels in each class of 50

having more than 2% annual harvest except in between 1984 and 1988 when

there were 5 such parcels. The large private industrial ownership class

displayed a wide range of average annual harvest with 0 of 50 study parcels

with more than 2% average annual harvest between 1972 and 1977 and eight

study parcels with more than 2% average annual harvest between 2000 and

2002. The extra-large private industrial study parcels maintained higher levels

of harvest between 1972 and 2002 than the other ownership classes with at

least 4 study parcels with more than 2% average annual harvest in each time

period and 10 study parcels in the time periods of 1984 to 1988 and 2000 to

2002. More detailed frequency distributions of these data can be found in

APPENDIX D: Histograms of percent of parcel harvested.
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Table 8 The number of the 250 study parcels located in western Oregon with
more than 2% average annual harvest in the seven time periods as seen in
the forest harvest layer and calculated by FRAGSTATS. The frequencies are
shown by the five private ownership classes used in this study.

Study parcels with greater than 10% average harvest per year
Between 1972 and 2002,47 of the 250

study parcels had time periods during

which the average annual harvest was

greater than 10% (Table 9). Five study

parcels, one in each ownership class

except for the private non-industrial

and two in the small private industriaL

harvested more than an annual average

of 10% twice between 1972 and 2002.

Table 9 The number of the 250
study parcels located in western
Oregon with greater than 10%
average harvest per year in any of
the seven 3-6 year periods from
1972 to 2002 as seen in the forest
harvest layer and calculated by
FRAGSTATS. The frequencies
are shown by the five private
ownership classes used in this
study.

private
non-
industrial

small
private
industrial

medium
private
industrial

large private
industrial

extra-large
private
industrial Total

1972-
1977

2 2 1 0 7 12

1977-
1984

1 1 2 5 6 15

1984-
1988

5 7 7 3 11 33

1988-
1991

2 26 8 4 11 51

1991-
1995

3 6 7 3 5 24

1995-
2 6 5 7 3 23

2000
2000-

3 6 6 8 10 33
2002

private non-industrial 2

small private industrial 14

medium private industrial 12
large private industrial 9
extra-large private industrial 10
Total 47
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Figure 14 The number of the 250 study parcels located in western Oregon
with more than 10% harvest in each of the seven time periods as seen in the
forest harvest layer and calculated by FRAGSTATS. The frequencies are
shown by the five private ownership dasses used in this study.
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The private non-industrial ownership study parcels were much less likely to

fall into this category in any of the time periods (Figure 14). The small private

industrial study parcels had the highest number of study parcels with greater

than 10% average harvest per year with 14 of 50 (28%) of the study parcels in

the small private industrial class exhibiting this behavior with a majority of

them occurring in the 1988 to 1991 time period. The years from 1984 to 1991

include the time when every class, except the large private industrial class,

had the highest number of study parcels harvesting more than an average of

10% annually (Figure 14).

12

10

8



39

Number of harvest patches created in each time period
The private non-industrial class has the highest number of parcels with no

harvest in any time period (Figure 15). The other ownership classes exhibit a

similar, if less pronounced pattern of leaving individual study parcels

unharvested for period of time. The small private industrial ownership class

was often the next more likely class to have study parcels with no harvest in

each time period except for 1988 to 1991 when they were the least likely to

have no harvest. The medium and extra-large private industrial had fewest

study parcels with no harvest in many of the time periods.

45

40

J35

30

25

20

1972to 1977 1977 to 1984 1984 to 1988 1988to 1991 1991 to 1995 1995 to2000 2000to 2002

Time Pedods

Figure 15 The number of the 250 study parcels located in western Oregon
with no harvest in each 3-6 year time period as seen in the forest harvest
layer and calculated by FRAG STATS. The frequendes are shown by the
five ownership classes used in this study.
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Overall, more than 60% of the study parcels were not harvested during

each time period. A total of 240 of the 250 study parcels had no harvest during

at least one of the time periods of the study; 9 of the 10 remaining study

parcels fell within the ten largest study parcels selected.

The study parcel often contained a single harvest patch during the time

period. This means that during the 3 to 6 years covered in each time period,

just a single, contiguous harvest disturbance was detected. During the study

period, 155 of the 250 study parcels had a time period that contained a single

harvest patch (Figure 16). The private non-industrial class had the fewest

study parcels with a single harvest patch in almost every time period. The

small private industrial class was the most likely to have a single harvest

patch in the time periods between 1972 and 1991 but almost the leastlikely

between 1991 and 2002. The medium, large, and extra-large private industrial

classes frequently had a single harvest patch.

Annually, many harvest patches were added to the landscape of western

Oregon between 1972 and 2002 (Figure 17). In each time period the large and

extra-large private industrial classes added the largest number of harvest

patches to the landscape. During the 1980s there was a increase followed by a

drop in the early 1990s, particullarly visible in the large and extra-large private

industrial classes.
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Figure 16 The number of the 250 study parcels located in western Oregon
with a single harvest in each 3-6 year time period as seen in the forest
harvest layer and calculated by FRAGSTATS. The frequencies are shown
by the five ownership classes used in this study.
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Figure 17 The average number of harvest patches created annually in the 250
study parcels in western Oregon in each 3-6 year time period as seen in the
forest harvest layer and calculated by FRAGSTATS. The data is shown by
the five ownership classes used in this study.
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The private non-industrial class had the smallest range of values from a

low of 3.8 patches per year in the time period of 1972 to 1977 to a high of 8.6

patches per year between 1995 and 2000. The small and medium private

industrial classes had similar trends over time in average patch creation with

the medium private industrial class almost always just a bit higher. The large

and extra-large private industrial classes show similar patterns as well. Each

of the ownership classes finished the study period of 1972 to 2002 with a

higher value for average annual patch creation than at the beginning.

Histograms showing the distribution of number of patches by owners can be

found in APPENDIX C: Histograms of the number of harvest patches.

Patterns in variability in the average number of harvest patches
The variabffity in the average number of harvest patches created per year

within the ownership classes shows the range in harvest patterns in each time

period and was found to fluctuate. Many of the ownership classes had peaks

in variability between 1988 and 1991 followed by a drop in the following

period. The large and extra-large private industrial study parcels had a much

larger amount of variability than the other ownership classes (Figure 18).

Although the medium private industrial study parcels had much lower

variability, the shape of the curve follows that of the larger ownership classes.

The small private industrial didn't peak during the same time period as the

larger classes and unlike the rest of the classes didn't exhibit a drop in
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variability in the following time period. The private non-industrial study

parcels fluctuated in variability throughout time with no apparent correlation

to the behavior of the other ownership classes.

Patterns in variability in average annual percentage of study
parcel harvested

The variability in the average annual percentage of the study parcel that

was harvested was much higher than in the average number of harvest

patches created annually. The range of variabffity was roughly equivalent

between the entire set of ownership classes (Figure 19). There wasn't a single

ownership class that had the highest or lowest variability consistently between

1972 and 2002. Peaks in the variability occurred in the small and extra-large

private industrial study parcels between 1988 and 1991 but are were constant

the rest of the time. In the other three ownership classes, the variability fell or

remained constant during those years. The private non-industrial study parcel

frequently had the lowest variability of all the ownership classes.
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Figure 18 Variability in average annual number of harvest patches created
in western Oregon for each of the 3-6 year time periods of the forest harvest
layer as calculated by FRAG STATS. The data is shown by the five private
ownership classes with 50 study parcels each that were used in this study.
Notice the change in scale of the y-axis between the two graphs.
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Figure 19 Variability in the average annual percentage of study parcels
harvested in western Oregon for each of the 3-6 year time periods of the
forest harvest layer as calculated by FRAGSTATS. The data is shown by the
five private ownership classes with 50 study parcels each that were used in
this study.
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Harvest units are not evenly distributed in space

Study parcels with zero harvest
52 of the 250 study parcels were found to have no harvest between 1972

and 2002. Of these 250 parcels, 24% of the study parcels with zero harvest

were found in the Cascades West province, 28% in the Kiamath Mountains

province, and 48% in the Coast Range province (Table 10 and Figure 20). The

Klamath Mountains province had the highest percentage of study parcels with

no harvest, with almost one-third of the study parcels in that province having

no harvest (Table 10 and Figure 20). The Coast Range and Cascades West

provinces both had about 20% of study parcels with no harvest. The

distribution of study parcels with no harvest was found to be well-distributed

by ownership class.

Table 10 The number of the 250 study parcels located in each province
studied in western Oregon with zero harvest between 1972 and 2002 as seen
in the forest harvest layer and calculated by FRAGSTATS.

Of all parcels with Of all parcels in
Number of

study parcels
with zero

zero harvest in the
entire study area,
the percentage in

this province,
the percentage

having zero
Provinces harvest this province harvest

Coast
Range

26 48% 19%

Cascades
13 24% 21%

West

Klamath 15 28% 29%
Mountains
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Figure 20 A map showing the spatial distribution of study parcels located in
western Oregon with zero harvest between 1972 and 2002 as seen in the
forest harvest layer and calculated by FRAGSTATS. The study parcels are
shown by the five private ownership dasses used in this study.
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Study parcels with few harvest units
Ninety-six of the 250 study parcels had zero or a single harvest between

1972 and 2002. Half of the study parcels with low harvest were located in the

Coast Range. The other study parcels with low harvest were evenly divided

between the Cascades West and Klamath Mountains provinces. The

distribution of low harvest was similar to that of zero harvest with the same

percentage of study parcels, 35%, in the Coast Range and Cascades West

provinces. In the Kiamath Mountains province, 50% of the study parcels had

low harvest

Table 11 Spatial distribution of study parcels with zero or one harvest
between 1972 and 2002

48

Of all parcels with
Number of low harvest in the Of all parcels in this

study parcels
with zero or

entire study area,
the percentage in

province, the
percentage having

Provinces one harvest this province low harvest
Coast
Range

48 50% 35%

Cascades 22 23% 35%
West

Klamath
Mountains

26 27% 50%
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Spatial distribution of more than 2% average annual harvest
Overall, the Klamath Mountains province had the fewest study parcels

with more than 2% average annual harvest with 38% (20 of 52) of study

parcels in the province having this characteristic (Table 12). Fewer than 4

study parcels had more than 2% average annual harvest in any single time

period. Study parcels in the Coast Range province, more than the other

provinces studied, had a high percentage of study parcels with this

characteristic in every time period except for between 1972 and 1977 (Figure

22, Figure 23, Figure 24, Figure 25, Figure 26, Figure 27, and Figure 28).

Between 1972 and 2002, 32 of 62 parcels (52%) in the Cascades West province

had more than 2% average annual harvest. The Coast Range province had the

most study parcels with this characteristic with up to 37 study parcels in the

time period of 1988 to 1991 for a total of 79 of the 136 parcels (58%) between

1972 and 2002.

Table 12 The percentage of study parcels in each province of western
Oregon with more than 2% annual harvest in each of the 3 to 6 year time
periods as seen in the forest harvest layer and calculated by FRAGSTATS.

Total
1972- 1977- 1984- 1988- 1991- 1995- 2000- without
1977 1984 1988 1991 1995 2000 2002 repeats

Coast Range 4% 6% 17% 27% 11% 12% 18% 58%

Cascades
West

6% 6% 10% 13% 8% 6% 13% 52%

Kiamath
Mountains

4% 4% 8% 12% 8% 6% 0% 38%
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During the thirty years spanned by this study, several parcel had annual

harvests of more than 2% of the study parcel more than once. Fifty-two of the

79 study parcels in the Coast Range had more than 2% of the study parcel

harvested on average annually multiple times (Table 13). The other two

provinces had a much lower number of these cases. By ownership class, the

small and extra-large private industrial study parcels in the Coast Range were

by far the most likely ownership classes in this case.

Table 13 The percentage of study parcels in each province of western
Oregon with more than 2% annual harvest in more than one of the 3 to 6
year time periods as seen in the forest harvest layer and calculated by
FRAG STATS. The data is shown by the five private ownership classes
shown in this study.

Extra-
Private Small Medium Large large

non- private private private private
industrial industrial industrial industrial industrial Total

At no time between 1972 and 2002 were any of the study parcels in the

private non-industrial class harvested at an annual rate of more than 2% in the

Kiamath Mountains province. In the private non-industrial class, a majority of

the study parcels with more than 2% average annual harvest (12 of 18),

occurred in the Coast Range province after 1984 (See Table 8 for a breakdown

of frequencies of 2% average annual harvest by time period and ownership).

Coast Range 3% 16% 5% 1% 12% 38%

Cascades West 3% 3% 2% 2% 0 10%

Kiamath
Mountains

0 2% 0 2% 0 4%
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The other 6 study parcels were located in the Cascades West province and all

occurred before 1988 except for one between 2000 and 2002.

The study parcels in the small private industrial class with more than 2%

average annual harvest were distributed similarly to the private non-

industrial class with the most (37 of 55) study parcels in the Coast Range

province occurring well distributed over time after 1984. The biggest

difference occurred between 1988 and 1991 when 21 study parcels in the Coast

Range province had more than 2% average annual harvest of the study parcel.

This was the largest number of study parcels in any province during any time

period and in any ownership class. The other provinces had about equal

frequencies of study parcels with more of the harvest occurring later during

the study period (Table 12).
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Figure 23 A set of maps displaying th annual percentage of study parcel that was harv study
parcels in each of the five ownership tween 1977 and 1984 as seen in the forest harves
calculated by FRAGSTATS.
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Figure 26 A set of maps displaying annual percentage of study parcel that was han' ted of the
parcels in each of the five ownersh tween 1991 and 1995 as seen in the forest harves ayer and
calculated by FRAGSTATS.
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Spatial distribution of study parcels with more than 10% harvest
Between 1972 and 2002,47 study parcels had periods in which more than

10% of the study parcel was harvested annually on average. The Cascades

West province had the highest percentage of study parcels with this

characteristic (Table 14). The Klamath Mountains province had fewer of these

parcels with only 8 study parcels with more than 10% average annual harvest.

Table 14 The percentage of study parcels in each province of western
Oregon with more than 10% harvest in one of the seven time periods
between 1972 and 2002 as seen in the forest harvest layer and calculated by
FRAGSTATS. The results are shown by the five private ownership classes
used in this study.

The private non-industrial ownership class had only 2 study parcels with

more than 10% average annual harvest and neither of them was located in the

Kiamath Mountain province. In the Kiamath Mountain province, the medium

private industrial ownership class was the most likely to have this

characteristic with 3 study parcels. This characteristic was mostly likely seen

in the small private industrial class in all provinces (Figure 29).

Private non-
industrial

Small
private

industrial

Medium
private

industrial

Large
private

industrial

Extra-
large

private
industrial Total

Coast
Range

1 0/1 /0
0/J /0

0/) /0
' 0/
Z. /0

,I 0/'±/0 1 '70/1! /0

Cascades 00/ ')O/ 00/ )0/
West

.I0 0/0 .) /0 0/0 ) /0 L'± /0

Klamath
Mountains

0 4% 6% 2% 4% 15%
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Figure 29 A set of maps displaying the study parcels in western Oregon that had a time period b
2002 during which more than 10% of the study parcel was harvested annually in each of the five
classes used in this study as seen in the forest harvest layer and calculated by FRAGSTATS.
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In the small, medium, and large

private industrial ownership classes,

there appeared to be a tendency for

harvesting more than 10% of the study

parcel on average annually in the

study parcels that were closest to the

Willamette Valley province (Figure

29). 14 of the 47 parcels that were

located within 10 kilometers of the

62

Table 15 The number of 250 study
parcels within 10 km of the
Willamette Valley province with
more than 10% average annual
harvest in one of the seven time
periods between 1972 and 2002 as
seen in the forest harvest layer and
calculated by FRAG STATS. The
results are shown by the five
private ownership classes used in
this study.

border of the Willamette Valley province had this characteristic. Of these, 11 of

the parcels were in the small and medium private industrial classes.

Spatial patterns of variability in harvest patterns
There were a higher proportion of study parcels that varied their harvest

pattern between 1972 and 2002, with much more than a third of them in the

category of highest variability, in the Kiamath Mountains province (Table 16,

Figure 30, and Figure 31). The study parcels located in the Coast Range had

more consistent harvest patterns between 1972 and 2002 than either the

Cascades West or the Kiamath Mountains. In the Cascades West province the

study parcels were most likely to fall into the middle category but were much

less consistent in the percentage of the study parcel harvested than the Coast

Range (Table 16, Figure 30, and Figure 31).

Private non-industrial 0
Small private industrial 6

Medium private industrial 5
Large private industrial 2
Extra-large private industrial 1

Total 14
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Table 16 Percentage of study parcels in each provinces of western Oregon in
each range of the coefficients of variation in harvest patterns between 1972
and 2002 for a) the number of patches and b) the percentage of study parcel
harvested for the 250 study parcels as seen by the forest harvest layer and
calculated by FRAGSTATS. The three bins of the coefficient of variation
were determined by placing a third of the 250 study parcels into each bin.

Coeffident of variation classes for number of harvest patches

0-1.4 1.41-2.41 2.42-2.65

Coast Range 36% 37% 27%

Cascades West 27% 35% 37%

Klamath Mountains 35% 21% 44%

0-1.06 1.07-1.79 1.8-2.65

Coast Range 35% 34% 30%

Cascades West 29% 40% 32%

Kiamath Mountains 33% 29% 38%
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Figure 30 A map showing the spatial distribution of
coefficient of variability of annual average number of
harvest patches between 1972 and 2002 of 250 parcels
located in western Oregon as seen in the forest harves
layer and calculated by FRAGSTATS.
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Figure 31 A map showing the spatial distribution of
coefficient of variability of annual percentage of the
study parcel harvested between 1972 and 2002 of 250
parcels located in western Oregon as seen in the fore
harvest layer and calculated by FRAG STATS.
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DISCUSSION

Using past behavior as an indicator of future behavior can be a dangerous

pastime but some general patterns can be pulled from this historical analysis

to guide modeling of ownership behavior. Two significant factors were

suggested by this study as setting the context for most management decisions:

the size of the individual parcel being managed and the consistent annual

harvest patterns of larger private corporations juxtaposed to the apparent

willingness to harvest by smaller entities in order to take advantage of market

conditions or other factors not examined in this research. Overall, general

trends in timber harvesting practices by different ownership classes were seen

between 1972 and 2002.

Errors and uncertainty

Ownership layer
The use of the Atterbury layer for this analysis introduces an unknown

quantity of error and uncertainty into the results. The metadata document that

is bundled with the data states that the data is of varying quality and

reliability (Sollins, 1994).

Tracking the patterns of land owners requires knowing the boundaries of

the land the owner is managing. Recent tax parcel data are available for

several counties and/or cities in the study area, but these data are not always

free and are primarily available for metropolitan areas. Also, forestland
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delineations are not necessarily included in tax parcel layers, and the

classification of forestland owner as either industrial or non-industrial is not

defined. Many counties in the study area have yet to digitize their tax maps.

Use of these datasets would have meant limiting the study area to those areas

that had digital information available or spending time digitizing individual

tax lots as necessary for the project Additionally, these datasets are only

available with current and not historical data. Finally, information on private

land owners and their characteristics would have to be obtained separately

and added to the data layer.

A comparison of the Atterbury layer with a current Benton County tax lot

layer showed boundary placement within the ownership layer to be fairly

accurate. Discrepancies in tax lot lines seen during the assessment were

primarily errors of omission and can generally be explained as subdivided

parcels or perhaps parcels under the same ownership that were aggregated

when the ownership layer was created.

The Atterbury layer only contains a snapshot of the landscape in 1991 and

this study covers the years between 1972 and 2002. This research assumed that

if the land changed owners, it remained in the same ownership class. This

may or may not be generally true. Even a change of owner within the same

ownership class may have an effect, even an important effect if the objectives



of the owner were different, on the harvest patterns and this effect is not

captured in this analysis.

A
The NW corner
of Benton County, Oregon

Figure 32 A comparison of the Atterbury with a recent version of the official
Benton County tax lot layer downloaded from the Benton County website at
http;I/ww2.co.benton.or.usfirnVgis/GISdat4f. Harvest patches from 1990
have been overlaid to ifiustrate edge effects.

While the use of the Atterbury layer is somewhat problematic, it currently

represents the most detailed data in existence for the study area. Despite the

obvious flaws it is hoped that it still can provide insight into landscape

patterns. Clearly, a revision of this data layer would be a remarkable resource

for scientists asking questions about the behaviors of ownership classes.

67

1-i rdon Coury4o
buriIaer

Io hiivsstpchss



68

Forest harvest layer
To verify prior assessments of the accuracy of the LARSE change detection

method, a less exhaustive accuracy assessment was made as part of the

current study over a single selected site. Because the forest stand disturbance

dataset was created and assessed at a regional scale, it was hypothesized that

site level results from this study would be less accurate.

To verify that the forest stand disturbance data were accurate at a sub-

regional scale, a private non-industrial forest owner was preferentially

selected in Northwest Oregon and the perimeter of that properly was mapped

using a handheld GPS. Then, using the same method as Cohen et al. (2002), a

disturbance map was created.

It was found that, while the analysis completed at the sub-regional scale

resulted in finer detail in the shape of the disturbances, the resulting

disturbance map contained approximately the same number of patches.

Accuracy of the change analysis decreased with increasing distance from

disturbance centers, primarily because edge effects appeared around the

periphery of the disturbed areas. When the edges of the disturbances are

divided into pixels, both disturbed and non-disturbed areas appear in the

same pixel, a phenomenon known as mixed pixels. These mixed pixels

interfere with clear classification of the disturbance edges. The wide variety of

disturbance signatures found in the regional analysis increased the area

classified as disturbed because the variability in the disturbance signature was



increased. This means that more of the edges around disturbances were

classified as disturbance (Figure 33).

0 291] 580 1.160 Meters
I I I i I I I

Change detected in regional analysis

Figure 33 The difference in harvest detection between the forest harvest
layer used for this research and a fine scale analysis of harvest disturbance
at the tax lot parcel scale.

The owner of the private non-industrial forest land chosen for assessment

in this study furnished information regarding partial harvests that took place

but were not identified through methods used in this study. Additionally, four

years was not found to be an adequate temporal resolution for determining

harvest patterns. The results of this assessment didn't alter the methods of this

study but should be taken into consideration when reviewing the results.
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Combining the ownership layer and forest harvest layer
A final accuracy assessment of the data layers was made with the forest

disturbance layer overlaid on the ownership layer. This assessment revealed

that edge effects encountered in the forest disturbance layer had an erroneous

effect on some of the results. Disturbance enlargement caused by "edge

effects" sometimes resulted in disturbance designations that extended beyond

property lines of the disturbed parcel. This can be seen in Figure 32 as the

harvest patches from 1990 appear to bleed over the parcel boundaries. When

counting the number of disturbance patches within a study parcel, some of the

count may have been attributable to disturbance margins from adjoining

parcels. This effect was ignored for the current analysis, but should be

considered when reviewing results.

Additional factors effecting harvest patterns not included in this
analysis

This analysis was limited to studying the effects of owner characteristics on

the behavior of forestland owners. The physical characteristics of the forest

have previously been shown to be important factors in influencing harvest

pattern. Particularly, the slope and productivity of the forestland are

important in determining harvest techniques and frequency of harvest over

time. Although ninety percent of all private timberland is capable of

producing more than 84 cubic feet per acre per year, industry owners have a

higher percentage of this land than private non-industrial owners (Lettman
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and Campbell, 1997). This study made no differentiation between the species

or age classes of timber being harvested, even though these factors may

strongly influence the location, timing, and method of harvest Particularly,

when comparing percentages or area of land being harvested, the amount of

timber could differ widely based on the age class.

The individual land use history of each parcel is also an important piece of

information regarding the future use of the land. Once a parcel has been

harvested, there is a significant time lag before there is timber available for

harvest again. The length of time over which timber can develop after fire and

homesteading activities will also have an effect on the age of timber on a

parcel as well as the productivity of land. Early in the twentieth century,

homesteading activities subsided and allowed timber to begin growing.

During the time period of this study, this timber would have become available

for harvest for the first time.

Effects of parcel size among all private ownership classes
Previous studies (Row, 1978 and Thompson, 1981) have pointed to the

effect of tract size on the choice of managing the parcel for timber. This study

adds to this work by finding that larger forestland parcels contained more

harvest patches. The obvious reason for this is that clearcut size was limited

by state regulations. But harvest patches ranged widely in size from quite

small up to the legal limit.
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An interesting phenomenon was seen when investigating this question. As

seen in Figure 18(a), the private non-industrial, small private and medium

private industrial classes had a constant variabffity between 1972 and 2002.

But, as shown in Figure 19, the variability for these ownership classes is highly

variable in 1983 to 1991. This means that while these owners tended to have a

consistent number of patches on their parcel, the sizes of those patches must

have varied.

The reason for this behavior is not immediately obvious. The costs that are

associated with harvest on a parcel may have increased by harvesting multiple

patches. For example, one of these costs could have been meeting the state

regulations pertaining to a single clearcut These costs could be simply have

been an increase in the number of forms and interaction with the government

agencies. Under this theory, if an owner wanted to increase his harvest, they

were much more likely to enlarge the size of the clearcut they already had

planned rather than add a new clearcut Thus, the "cost" of a patch was

amortized rather than added to the expense sheet. This explanation doesn't

fully explain the exact relationship between the number of patches and parcel

size but by examining the economic "cost of a patch," a theory could be

formulated.
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Periods of no harvest on private land
The most striking harvesting pattern on private lands were the periods of

no harvest. This pattern was expected on parcels representing pieces of large

industrial land holdings, which are able to move their operations from site to

site. It was also expected on the non-industrial lands as harvesting is often not

their primary focus. But on the small and medium industrial lands it was

expected that there would be harvesting in each time period. Consistent with

the expectation, the medium industrial class had the smallest number of

parcels with no harvest throughout the entire study period and often had the

lowest number of parcels with no harvest in each time period. In general,

there were a large number of parcels with no harvest in small and medium

private industrial classes. It could be that there is partial harvesting on parcels

owned by small and medium landowners. An alternative explanation is that

in these smaller ownership classes, several different parcels might be

associated with a single owner which would obscure harvest patterns.

Periods of harvest of more than 10% of parcel per year
Intense harvesting of parcels is undeniably a common harvest pattern in

western Oregon with over 20% of the study parcels exhibiting average annual

harvest rates of more than 10% of the parcel harvested during the time of the

study. A comparison of the temporal distribution of high harvest rates and

softwood prices reveals some interesting conclusions. The spike in intense

harvest behavior for the small industrial class occurred in a time that came
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early in the increase of softwood prices (Figure 34). This was a period of great

uncertainty about timber harvest and prices, because of the court injunction in

1990 against harvest of old growth on federal land due to the spotted owl

concerns. This injunction resulted in an abrupt reduction of timber volume. In

this period of uncertainty, the small private industrial ownership class was

most eager to take advantage of the higher prices. None of the ownership

classes took particular advantage of the period including 1993 in which prices

were the highest. The reason for this isn't immediately clear.

In the small private industrial ownership class, some study parcels were

harvested in the period of 1995 to 2000 which followed the period of the

highest prices. This indicates that there was timber available on these study

parcels during the time of high prices and that the owners were willing to

harvest. A possible hypothesis is that earlier, owners in this same class had

harvested before the peak in prices causing their peers to wait and see how

high the prices would go. As seen in Figure 11, the small ownership class

showed the highest likelihood of harvesting almost the entire parcel but other

classes had a larger percentage of the harvest accomplished during a single

time period.
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Figure 34 Adjusted prices for softwood in western Oregon between 1970
and 2004 showing a) the quarterly adjusted price and b) the price shown by
time periods used in this study

Patterns of behavior on private non-industrial land
This study found a wide range of harvest patterns in the private non-

industrial ownership class, consistent with the expectation that multiple

objectives drive private non-industrial owners to behave in unpredictable

ways (Kline et al. 2000). The patterns of behavior on private non-industrial
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lands varied widely, from 24 of the study parcels on which no harvest

occurred between 1972 and 2002 to the 5 study parcels on which more than

50% was harvested between 1972 and 2002. Because the forest stand

disturbance detected in this study only included clearcuts, and private non-

industrial land may be more likely to be subject to partial harvest, these

statistics may not represent the entire picture.

The behavior of the private non-industrial landowners as a group was

different than the industrial ownership classes in every respect measured. This

ownership class had the most study parcels with no harvest, the fewest study

parcels with a single harvest, the least parcels with more than 2% or 10%

average annual harvest, and the least variability in harvest pafterns between

1972 and 2002.

The grouping of private non-industrial as a single group was somewhat

problematic in this study, because it combined owners that manage large

tracts of land as small woodlands with owners who mange their small tracts of

land primarily for residential uses. The effect of parcel size on harvest patterns

was first examined by Row (1978). Economies of scale would lead owners of

small parcels to not intensively manage their forestland. A follow on study by

Thompson (1981) used statistical techniques to determine the appropriate size

classes for private non-industrial ownership classes. On the other hand,

separating management behavior within the class of non-industrial private
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owners using solely acreage owned has been criticized by Jones et al. (1995).

Nevertheless, a method for dividing the non-industrial class of owners further

might reveal an effect of parcel size on harvest behavior.

Patterns of behavior by small industrial private land owners
Small industrial land owners displayed harvest patterns in this study that

set them apart from the rest of the industrial land owners, despite the lack of

significance in the ANOVA results. Small parcel size may have limited the

number of clearcut patches. Despite this effect, small private owners had high

rate of harvesting, with 4 study parcels entirely harvested between 1972 and

2002 and the most study parcels experiencing more than 10% average annual

harvest between 1972 and 2002. Harvest by small industrial private land

owners peaked between 1988 and 1991 with about a 4.5% annual harvest rate

that time period, much higher than any other ownership class.

The concentration of harvest on the small private industrial study parcels

may be due to the smaller area managed by these corporations. Increasing

harvest levels with fewer lands means a higher concentration of harvest

Without the long term goals of the larger timber corporations, these

landowners appeared to be willing to harvest at higher rates during periods of

time when market conditions were right such as in 1988 to 1991.
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Spatial patterns of harvest
A majority of the harvest in this study occurred in the Coast Range

province. For example, in the Coast Range 58% of the study parcels had time

periods when the annual average harvest was more than 2% per year, and

38% of these had this behavior during more than one time period. Higher

harvest in the Coast Range province would be expected because this province

contained the most productive land as well as the most private land of the

three provinces studied. A more interesting finding was the harvest rates on

private land in the Kiamath Mountains province. This area had the highest

number of parcels with no harvest between 1972 and 2002, and the fewest

parcels, just 1% of the parcels in the province, with consistently high rates of

harvest These low rates of clearcutting might be the result of partial harvest

practices, or because these parcels had been heavily harvested previous to the

start of the study period.

One-third of the study parcels with a more than 10% average annual

harvest were located on the margin of the Willamette Valley. None of these

parcels were in the private non-industrial ownership class. These harvests

could be the result of development pressures from expanding population,

changes in land use not captured by this study, or ease of transporting the

timber to market



79

Implications for modeling the future landscape of western
Oregon

Current models of future landscape patterns clearly identify differences in

management between public and private lands. Further differences have long

been identified between the private non-industrial and private industrial

lands (Spies et. al., 2002). This research uncovers some of the diversity of

behaviors within private industrial landowners. Although these landowners

are regulated under the same regulations, the objectives for management of

the land are quite different The landowners in the extra-large private

industrial classification have long-term plans and goals for the land which

results in the steady, consistent removal of timber from their lands in each

time period of this research. The small private landowners appear to have

much more variable behavior and during some time periods are willing to

increase the harvest on their lands to very high levels for reasons not well

explored by this study.

Future Work
The lack of reliable, historical, and current spatial data on private land

ownership patterns makes it difficult to derive accurate inferences from a

study such as this one. In the future, accurate spatial data is expected to be

available at the county level in the state of Oregon. Using the data combined

with some investigation into the ownership history of chosen parcels might

increase the reliability of studies such as this one. The fine scale approachof
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using a single tax parcel to assess harvest patterns could be improved to

include contiguous tax parcels. In some cases, adjacent lands are managed by

the same landowner and the land owner may not consider the tax lot

boundary a factor when making harvest decisions. Investigation would be

necessary to insure that these blocks of tax parcels were managed as a block

during the entire time of the study period. Further, a study that considers the

harvest patterns of an owner across all of the forest land of an owner may

disclose interesting results.

This study used two simple metrics to assess harvest patterns. The number

of patches could have been normalized by area to reduce the dependence on

the area of the study parcel. In addition to the percentage of the study parcel

harvested, the absolute area of the land harvested could be calculated. Other

metrics could be examined, such as average harvest patch size or the density

of harvest patches, to extract other information about harvest patterns. If

ecological implications of the harvest patterns were to be considered, further

metrics showing the change in the amount of edge present on the landscape or

loss of core area of forest could be calculated.
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CONCLUSION

Few studies have attempted to address the differences in behavior of

different classes of private land owners. More frequently, studies regard

differences between public and private landowners (i.e. Cohen et al., 2002) or

between private industrial and non-industrial landowners (i.e. Lettman et al.,

1997). The results of this study show significant differences existed in the

harvest behaviors between 1972 and 2002 in different classes of private owners

as defined by total landholdings. Particularly, the private non-industrial land

owners and the small private industrial landowners had very different

behaviors on the fine scale on which this study was conducted. Combining

this result with the importance of the size of the parcel in the harvest pattern,

these results could signify that the current regulatory framework structured to

manage all private landowners equally is not effective in containing landscape

effects of harvest. Because private landowners have no regulatory mechanism

for considering the lands surrounding them, regions of the landscape that

contains numerous small parcels under different ownership are likely to have

higher numbers of harvest patches, or fragmentation, than regions containing

larger parcels or fewer owners.
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APPENDIX A: Spatial characteristics and size of study parcels
Table 17 The mean and standard deviation of the area of 250 randomly
selected study parcels in hectares located in Western Oregon. The data is
shown by the five private ownership classes used in this study.

Table 18 The number of study parcels located in each province. The data is
shown by the five private ownership classes used in this study.
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Provinces

Private
non-
industrial

Small
private
industrial

Medium
private
industrial

Large
private
industrial

Extra-
large
private
industrial

Coast Range
(136 parcels) 25 25 32 19 35

Cascades
West

(62 parcels) 17 13 8 18 6
Klamath

Mountains
(52 parcels) 8 12 10 13 9

Standard Deviation
Mean area of area

private non-
industrial 2,044 hectares 8,316 hectares
small private
industrial 1,005 hectares 1,420 hectares
medium private
industrial 1,888 hectares 3,127 hectares
large private
industrial 5,197 hectares 18,110 hectares
extra-large private
industrial 5,356 hectares 18,097 hectares

All 3,098 hectares 12,175 hectares



Table 19 The percentage of study parcels of each of the private ownership
classes located within each province. An equal distribution would be 20%
study parcels in each ownership class per province.

Table 20 The percentage of the 50 study parcels in each of the five private
ownership classes found in each province.
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Provinces

Private
non-
industrial

Small
private
industrial

Medium
private
industrial

Large
private
industrial

Extra-
large
private
industrial

Coast Range
(136 parcels) 18% 18% 24% 14% 26%

Cascades
West

(62 parcels) 27% 21% 13% 29% 10%
Kiamath

Mountains
(52 parcels) 15% 23% 19% 25% 17%

Extra-
Private Small Medium Large large

non- private private private private
Provinces industrial industrial industrial industrial industrial

Coast Range 50% 50% 64% 38% 70%
Cascades

West 34% 26% 16% 36% 12%
Kiamath

Mountains 16% 24% 20% 26% 18%

Table 21 The number of study sites in each of the five private ownership
classes within 10km of the Willainette Valley province.

Private non-industrial 4
Small private
industrial 18
Medium private
industrial 11

Large private
industrial 10
Extra-large private
industrial 4
Total 47



APPENDIX B: ArcObjects Script
This script clips all the polygons from a single shape files from a raster file
creating individual raster files that can subsequently be run through
FRAGSTATS.

Lisa VanNatta
Fall 2004

Private Sub ClipRaster_Qick()
'Get a reference to the polygon
'FeatureCursor to loop through the existing polygons in shapefile

'Get the beginning
Dim pMxDoc As IMxDocument
Set pMxDoc = ThisDocument

'Get the current open document and the first data frame in one step
Dim pSiteMap As IMap
Set pSiteMap = pMxDoc.Maps.Item(0)

'We want to operate on a Feature Layer - grab the first one as our polygon
layer
Dim pSitesFLayer As IFeatureLayer
Set pSitesFLayer = pSiteMap.Layer(0)

'Now we access the feature class the polygons!!!
Dim pSitesFClass As IFeatureQass
Set pSitesFClass = pSitesFLayer.FeatureClass

'We also need the feature class of raster layer as a feature layer
Dim pDisturblLayer As ILayer
Set pDisturblLayer = pSiteMap.Layer(1)
Dim pDisturbRLayer As IRasterLayer
Dim pDisturbR As Waster
Set pDisturbRLayer = pDisturblLayer
Set pDisturbR = pDisturbRLayer.Raster

MsgBox pDisturblLayer.Name

'Create a feature cursor so we an iterate over the set of polygons
Dim pFCursor As IFeatureCursor
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Set pFCursor = pSitesFQass.Search(Nothing, False)

MsgBox "Got the feature cursor" & pSitesFClass.FeatureCount(Nothing) &"
features"

Set up the output workspace
Dim pWSF As IWorkspaceFactory
Dim pWS As IWorkspace
Set pWSF = New RasterWorkspaceFactory
Set pWS = pWSF.OpenFromFile("d:\temp\harvest2000", 0)

'Create a new extraction object
Dim pExOp As lExtractionOp
Set pExOp = New RasterExtractionOp

'MsgBox "Created the ExtractionOp Object"

'Create a raster analysis Environment
Dim pRAE As IRasterAnalysisEnvironment
Set pRAE = pExOp

Dim irp As [RasterProps
Set irp = pDisturbRLayer.Raster
Dim csize As IPnt
Set csize = irp.MeanCellSize

MsgBox "My celisize is " & Str(csize.X)

pRAE.SetCellSize esriRasterEnvValue, csize.X

MsgBox "Set up Raster Analysis Environment"

'this is where we are going to loop

'Get the next feature
Dim pFeature As IFeature

For I =0 To pSitesFaass.FeatureCount(Nothing) -1

Set pFeature = pFCursor.NextFeature
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'MsgBox "Got feature" &" OTt):" & Str(pFeature.OID) &
Str(pFeature.Value(5))

'Get the polygon of the feature
Dim pPoly As IPolygon
Set pPoly = pFeature.Shape

'Set the RasterAnalysisEnvironment (makes processing a lot faster):
pRAE.SetExtent esnRasterEnvValue, pPoly.Envelope

Declare the output dataset
Dim pOutputDataset As IGeoDataset

'Do the extraction using this Spatial Analyst function (lExtractionOp):
Set pOutputDataset = pExOp.Polygon(pDisturbR, pPoly, True)

'Save the output, with some sort of automated naming convention:
Dim sOutputName As String
'sOutputName = pDisturblLayer.Name & "2' & Format(pFeature.OID) & "2'

& Format(pFeature.Value(5))
sOutputName = "hrvOO" & ".." & Format(pFeature.Value(5))
'MsgBox sOutputName
Dim pRB As Waster
Dim pRBC As IRasterBandCollection
Dim pOneRasterBand As IRasterBand

Set pRB = pOutputDataset
Set pRBC = pRB

For k = 0 To pRBC.Count -1
Set pOneRasterBand = pRBC.Item(k)
pOneRasterBand.ComputeStatsAndHist
Set pOneRasterBand = Nothing

Next k

pRBC.SaveAs sOutputName, pWS, "GRID"

Next I

End Sub
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APPENDIX C: Histograms of the number of harvest patches

Private Non4ndusfrial

50

45

40

35

30

25

20

15

10

5

0

3-4 4-5 5-10 10-15 15-20 20-25 More

Number of Patches

Figure 35 Frequency distribution of the average annual number of patches
for the 50 private non-industrial class study parcels in western Oregon for
each of seven time periods in the forest harvest layer as calculated by
FRAGSTATS.
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Figure 36 Frequency distribution of the average annual number of patches
for the 50 small private industrial class study parcels in western Oregon for
each of seven time periods in the forest harvest layer as calculated by
FRAGSTATS.
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Figure 38 Frequency distribution of the average annual number of patches
for the 50 large private industrial class study parcels in western Oregon for
each of seven time periods in the forest harvest layer as calculated by
FRAGSTATS.
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Figure 37 Frequency distribution of the average annual number of patches
for the 50 medium private industrial class study parcels in western Oregon
for each of seven time periods in the forest harvest layer as calculated by
FRAGSTATS.
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Figure 39 Frequency distribution of the average annual number of patches
for the 50 extra-large private industrial class study parcels in western
Oregon for each of seven time periods in the forest harvest layer as
calculated by FRAGSTATS.
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APPENDIX D: Histograms of percent of parcel harvested
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Figure 40 Frequency distribution of the average annual percent of study
parcel harvested of the 50 private non-industrial class study parcels in
western Oregon for each of seven time periods in the forest harvest layer as
calculated by FRAGSTATS.
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Figure 41 Frequency distribution of the average annual percent of study
parcel harvested of the 50 small private industrial class study parcels in
western Oregon for each of seven time periods in the forest harvest layer as
calculated by FRAG STATS.
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Figure 43 Frequency distribution of the average annual percent of study
parcel harvested of the 50 large private industrial class study parcels in
western Oregon for each of seven time periods in the forest harvest layer
calculated by FRAGSTATS.
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Figure 42 Frequency distribution of the average annual percent of study
parcel harvested of the 50 medium private industrial class study parcels in
western Oregon for each of seven time periods in the forest harvest layer as
calculated by FRAG STATS.
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Figure 44 Frequency distribution of the average annual percent of study
parcel harvested of the 50 extra-large private industrial class study parcels in
western Oregon for each of seven time periods in the forest harvest layer as
calculated by FRAG STATS.


