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INTRODUCTION

The area within North Cascades National Park Service Complex
in north-central Washington (Figure 1) contains a wide and in
some respects unique variety of plant communities. The crest
of the Cascade Mountains passes through the park, but the
Cascades are so wide in this area that parts west of the crest
are in the rain shadow of more massive mountains further to
the west. The Skagit River valley passes through this area
and provides a low elevation habitat more characteristic of
dry interior forests than coastal forests. 1In the southern
portion of the park complex, which is east of the Cascade
crest, a similar, more typical Cascade rainshadow effect
exists. The result is a vegetation mosaic that contains
typical "westside" vegetation elements, typical "eastside"
vegetation elements, and some hybrid mixtures of "eastside-
westside" vegetation that are rarely found elsewhere in the
Cascade Mountains,

A substantial body of literature on the vegetation of the the
region and the park has been developed. Some reports are very
generalized, while others are very specific to one watershed
or one particular plant community. Fuel evaluations have’
never been done for the park. The only existing vegetation
map covering the whole park is a 1936 commercial forest type
map completed while the area was still under USDA Forest
Service management. Much of the park is mapped as "non-
commercial/rocky" or "subalpine". While the map has utility
it is considerably out of date and not descriptive enough to
meet current resources management needs.

Project Objectives

This project was designed to produce current vegetation and
fuel type maps for the North Cascades National Park Service
Complex using Landsat data, associated terrain and
precipitation information available in digitized format, and
ground information. The intended product was not only maps of
vegetation and fuels, but a description of major communities
in the park complex and a dynamic geographic information
system. This system would include terrain information as well
as vegetation and fuels information, and could accept new
layers of information in the future. The objectives of the
project were met; this report is a summary of the process and
results.
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Existing Vegetation and Fuel Information

This summary is intended to provide a capsulized look at the
existing vegetation knowledge for the park complex. Reference
can be made to individual publications to gain further
insights into the scope of each project.

The flora of the park complex has been studied at several
scales. Hitchcock and Cronquist (1973) provide a regional
look at the flora, while Cooke (1962) limits his scope to the
Cascades. The most complete flora for the park is by Naas and
Naas (1974), and park-wide reconnaissances are also available
(Kenady and Kenady 1969). More specific flora treatments are
provided for the Silver Lake Research Natural Area (RNA) by
Lesher (1984), the Pyramid Lake RNA by Zobel and Wasem (1979),
and the Stetattle Creek RNA by Wagstaff and Taylor (19840).

The distribution of plant communities has been described at
the regional level (Franklin and Dyrness 1973) as well as for
the general North Cascades area (Franklin and Trappe 1963).
When the park complex was created in 1968, additional park-
wide surveys were done for plant communities, although little
to no mapping was completed (Douglas 1971). Roughly
equivalent treatment has been given to lowland/montane and
subalpine plant communities. In the subalpine region, the
most comprehensive study is by Douglas and Bliss (1977).
Other studies of more limited application include Bjorklund
(1980) in the Jasper Pass area off Goodell Creek, Douglas
(1978) for the subalpine zone in general, Wiberg and McKee
(1978) in the Boston Glacier area, Wagstaff and Taylor (19840)
in Stetattle Creek, numerous lake surveys by Wasem and
Bjorklund (unpublished), and some community mapping by
Waggoner (unpublished) in the Stetattle Creek area. Montane
to lowland vegetation studies have included Oliver et al.
(1985) in the Nooksack Cirque area (which is at the subalpine
border), Oliver and Larson (1981) in the Stehekin Valley
(including some type mapping), Comulada (1981) in the
Chilliwack Valley, Miller and Miller (1971) in the Big Beaver
Valley, Scott et al. (1971) in the Ross Lake corridor, and
Dueker and Glad (1979) in the Skagit River corridor,
Different standards for measuring plant community
characteristics have been used in each study.

Plant succession has been part of many of the studies cited
above, but several studies have focused on community
development and disturbance. Fire has been the most common
process studied, although usually in rather brief, unpublished
report form. The most complete study is Larson's (1972) on
lodgepole pine in the Skagit-Ross Lake area. Oliver and
Larson (1981) included fire history as part of their Stehekin
fuelwood study. Miller and Miller (1974) conducted brief



surveys of the Thunder Creek and Silver Creek fires; Tunison
(1978, 1980) surveyed the Bear Mountain fire. Taylor (1977)
and Allen (1983) have conducted brief surveys of fire history
along the upper east side of Ross Lake, while Douglas and
Ballard (1971) studied subalpine shrub community succession
after wildfire in the Stetattle Creek area. Succession after
glacial retreat was a focus of the Nooksack Cirque study
(Oliver et al. 1985) and succession after disturbance by
avalanche has been studied by Smith (1974).

The only fuels work done in the park was by Oliver and Larson
(1981) who surveyed the Stehekin Valley for potential fuelwood
supply for valley residents. Results were in cords of
potential fuelwood and potential forest growth to supply
firewood rather than any aspect of potential wildfire
behavior.

METHODS
LANDSAT DATA COLLECTION AND DIGITAL ANALYSIS

The overall computer processing strategy employed in the North
Cascades project closely paralleled that used in an earlier
Olympic National Park project (Cibula and Nyquist (in press)).
Landsat multispectral scanner (MSS) data were used in
conjunction with other data sources (elevation, slope, aspect,
and precipitation) in a geographic information system approach
to derive vegetation/landcover and fuels classifications
(Figure 2).

Two existing Landsat MSS data tapes (scene numbers: E-21640-
18133-6, 20 July 1979 and E-30114-18141-5, 27 June 1978) were
obtained from the University of Washington Remote Sensing
Applications Laboratory (UW/RSAL), as prior work (Jim Eby,
University of Washington, personal communication) suggested
they were suitable for the North Cascades project. The 1978
scene covered most of the project area, while the 1979 scene
was used to provide data for a small portion of the
southeastern corner of the area not covered by the 1978 scene.

The 1978 data set was first processed through Earth Resources
Laboratory Applications Software (ELAS) modules SRCH, an
automated ("unsupervised") technique for deriving homogeneous
training statistics, and MAXL, a maximum likelihood
classifier. This operation yielded 38 spectral signatures
that appeared valid when viewed with a false color infrared
color table created by CIRT. These 38 multispectral classes
were then lumped into nine broad cover type classes: dark
conifer, light conifer, dark deciduous/mixed, light
deciduous/mixed, herbaceous, bareground/rock, snow/ice, water,
and shadow. These cover types correlated well with the
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work previously done by UW/RSAL and existing knowledge of
landcover types in the North Cascades area.

Control points were then picked for this data set and ELAS
modules PMGC and PMGE were used to resample the data to 50
meter cells and fit them to the Universal Transverse Mercator
(UTM) grid projection. The resulting RMS error was +-59
meters (or one pixel). As described later, plots of these
lumped, georeferenced Landsat groupings were used for initial
field sampling.

Digital topographic information was obtained from the Defense
Mapping Agency (1:250,000 scale DMA). The ELAS modules TOPl-
TOP5 were used to reformat, rotate, compute mapping
coefficients, and resample the data to the UTM grid. The ELAS
module TOP6 was used to derive elevation (10@ ft intervals),
aspect (nine classes including flat), slope (15 intervals),
and averade slope length files, all of which were formatted in
a 50 meter cell size,.

Precipitation zone isohyets and park boundary lines were
mapped. These data were manually digitized using modules in
the Statistical Applications Group Information System (SAGIS)
software package. The resulting vector files were converted
to ELAS raster (cell) data files through ELAS module SAGE.

The geographic information system (GIS) data base was produced
by using ELAS module OVLA which registers each of the various
MSS, topographic, precipitation, and boundary files to the
others and creates one new multi-channel data file. The
multi-channel data file was eventually used for the 57
separate runs through ELAS module DBAS to perform the
ecological modelling, which is described later in this report.

At this stage, the entire GIS data base had been created
except for Landsat MSS classification of the southeastern
corner of the park complex. Past experience had shown that a
technique called "signature extension" might appropriately be
used in this situation. Signature extension is where the set
of training statistics from one scene is applied to an
adjoining scene, and is usually applied between two Landsat
scenes acquired in the same day on the same path. In this
case, the June 1978 scene was from Landsat 3 while the July
1979 scene for the southeastern corner of the study area was
from Landsat 2. Channel 7 in Landsat 2 has a dynamic range of
@-63 (as processed) compared to @-127 for the same channel in
Landsat 3. 1In an attempt to "normalize" the Landsat 2 data, a
DBAS operation was used to double the values for channel 7 for
the 1979 scene. Then the same SRCH statistics and MAXL
parameters used in the June 1978 MSS data were applied to the
altered July 1979 MsSS data.



The false color infrared color table (CIRT) used for the June
1978 data was applied to the resulting July 1979 multispectral
classes. Areas where the data sets overlapped were visually
inspected for inconsistencies. The only detectable difference
was the areal extent of snowpack. This indicated that the
signature extension technique was valid and that the decision
rules for the GIS ecological modelling could be applied to the
entire GIS data set.

Control points for the July 1979 scene were picked. ELAS
modules OCGN and OCEO were used to perform the georeferencing
because of differences in data format (Goddard versus EROS).
The RMS error was again +-59 meters, or one pixel.

The subset of the July 1979 MSS data set required to fill in
the southeastern corner of the park complex was merged with
the June 1978 set using ELAS module JCOP, producing one
continuous data file of consistent multispectral signatures.
The fit of the two data sets was excellent. For example, a
major highway curves at one location where the two sets are
joined, and there is no displacement at all in road alignment.
The only discernible evidence of using two data sets is the
differential extent of snowpack along the line joining the two
sets. At this point the construction of input data files (or
channels) for the GIS data base was completed.

VEGETATION METHODS

The ground sampling and analysis were designed to provide
information with which to build predictive direct gradient
models based on the layers of data in the geographic
information system and to provide ground truth for the
community maps produced.

FIRST YEAR FIELD PROCEDURES

The initial field sampling was designed to subjectively survey
the entire park complex (approximately 700,000 acres (300,000
ha)) within one field season. Two 2-person crews conducted
the field sampling, so a substantial amount of territory had
to be covered by each crew. Information on physiography
(elevation, aspect, and slope) and vegetation were collected
to refine the initial Landsat spectral groupings and provide
descriptive information on the variation within each mapped
unit that would later be defined.

The sampling was done at a reconnaissance level. The park was
divided up into sampling units, and each crew covered one
sampling unit each trip. Team members alternated after each
trip to minimize sampling bias due to team composition.
Sampling was done along roads, trails, and cross-country



traverses. Sampling points were subjectively established to
sample a wide variety of the five broad Landsat groups
(bareground/rock, snow/ice, water, and shadow were not
sampled) and associated terrain conditions. A total of 425
plots were located in or immediately adjacent to the park
complex (Figure 3).

Each ground plot was marked on an aerial photograph and on the
appropriate USGS quadrangle. One ground level and one canopy
oriented picture was taken at each plot. 1Information
collected at each plot was recorded on waterproof data forms
(Figure 4). Physical information included the plot number,
team identification, aerial photo number, descriptive
location, USGS quadrangle, UTM coordinates, elevation (by
altimeter), aspect (by compass), and slope (by clinometer).

Vegetation information was gathered for two purposes: (1) to
differentiate the five Landsat spectral groupings into a
larger number of more specific vegetation cover types, and (2)
to provide descriptive information on the variety of plant
communities likely to be found in each identified cover type.
Where possible, the habitat type (or potential vegetation) in
the plot vicinity was recorded. If the stand was clearly
multi-aged due to repeated disturbance, this was also
recorded, as well as the general vegetation structure: grass,
shrub, young growth, mature, old growth. The overall cover of
vegetation was recorded in one of six classes: 1 (0-5%), 2 (5-
25%), 3 (25-50%), 4 (50-75%), 5 (75-95%), 6 (95-100%).
Specific measurements on trees were collected using
dimensioned and non-dimensioned plots. A dimensioned plot of
varying size was used to determine tree density of each
species by height class (0-3m, 3-10m, and >1¢9m). The plot
size was small in dog-hair thicket stands (perhaps 25 sq m)
and large in more widely spaced stands (l00-400 sgq m). The
height of the dominant layer of each species was recorded,
along with its cover class. Non-dimensional plots were used
to record basal area by species, and cover of dominant shrubs
and herbs. Comments were made on disturbance history if
appropriate, community type, Landsat spectral groupings, and
35mm photo information.

Field hotes were taken on general vegetation changes with
terrain in each sampling unit to aid in the data analysis
process; notes were referenced to map and aerial photo
locations where appropriate. Binocular scans of surrounding
terrain were often used to identify major tree species.

ORDINATION AND CLASSIFICATION PROCEDURES

The purpose of using multivariate analysis of vegetation at
North Cascades NPS Complex was to (a) relate community
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Figure 4. The data form used in the 1983 sampling.

variation to environmental gradients that could be represented
by layers of the geographic information system (e.g.,
elevation, aspect, etc.) and (b) to summarize and classify the
425 ground plots in a coherent manner. A wide variety of
techniques is available. The most common ones are summarized

below to help explain why the particular techniques used were
chosen.

Techniques for Analyzing Vegetation by Multivariate Methods

This review is a summary of material contained in Gauch (1982)
which is an excellent overview of available techniques. The
main purposes of multivariate analyses are to summarize
community data, relate community variation to environmental
gradients, and to understand community structure.
Relationships between community and environment are complex,
often nonlinear, and numerous, making usual statistical
techniques less satisfactory than multivariate ones, which
allow examination of several variables simultaneously.
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Direct gradient analysis is used to study the distribution of
species along recognized predetermined environmental
gradients. It is a subjective approach and is complemented
and reinforced by more objective ordination techniques. The
final North Cascades models were essentially direct gradient
models. An example of a direct gradient analysis is one
resulting in a plot of species abundances along a recognized
environmental gradient such as elevation (which can also be
interpreted as a temperature gradient). Variables measured
can also be community types, or growth forms. Two dimensional
direct gradient analysis can be plotted, using for example
soil moisture on the abscissa and temperature along the
ordinate. Groups of samples close to one another can be
recognized as community types. Direct gradient analysis is
primarily environment-centered; the environment is used as an
independent variable and vegetation change is fitted to it in
one or two dimensions.

Ordination and classification techniques, on the other hand,
generally summarize and organize community data on species
abundances only, leaving environmental interpretation to a
later time. These were believed to be useful techniques for
the North Cascades project because they would help define the
most important environmental gradients in the park complex
before the direct gradient models were constructed. The data
of a samples-by-species matrix (with all species listed on one
axis and all samples on the other) can be viewed from either a
species or a sample perspective. A secondary matrix can be
computed from the primary species-by-samples data matrix to
produce dissimilarity values for each pair of species or
samples. These four types of spaces represent the starting
point for most ordination and classification techniques.

Ordination simplifies the original high dimension species or
samples space to produce a two or three dimensional species or
samples space, so that the distribution of points can be
studied. The desired output of ordination is "ecological
space", with easily recognized environmental gradients as
axes. The most common ordination techniques are weighted
averages, polar ordination, principal components analysis,
reciprocal averaging, and detrended correspondence analysis.

Weighted averages is a subjective technique where the
investigator assigns a relative weight to each species based
on perceived placement on some environmental gradient (e.g., 1
for species found in moist environments, 5 for ones found in
dry environments) and then a score is totalled for each sample
based on the abundance of various species. It is a simple but
very subjective ordination technique. Polar ordination
arranges species or samples based on relative similarity or
dissimilarity to the subjectively chosen species or samples

11



complex serving as endpoints for each axis. Environmental

interpretation of the results can be relatively
straightforward.

Principal components analysis (PCA) assumes that the complexes
of environmental factors determining plant distribution are
measured indirectly through the plants themselves. Ordination
placement is derived from the data alone; the investigator
does not weight species or choose endpoints. Species and
sample ordination scores are produced simultaneously. PCA
efficiently projects points from multidimensional space into
fewer dimensions with the least amount of distortion. The
first PCA axis going through the points is in the direction
that captures as much variance as possible along the
ordination axis. A second axis perpendicular to the first
accounts for much of the remaining variance, followed by a
sequence of axes of diminishing importance. An eigenvalue is
calculated for each PCA axis, showing its relative importance.
The model assumes that the variables (species abundances)
change linearly along the gradients, which is rarely true and
causes distortion in interpreting the results.

Reciprocal averaging (RA) is related to weighted averages and
PCA. 1t requires no weights or endpoint selection. Through a
process of iteration, RA produces a sequence of axes of
decreasing importance which can be related to environmental
data. Typically, the samples on the ends of the first axis
are compressed relative to those in the middle, so that
scaling is difficult. The eigenvalue of the second axis often
represents a distortion of the first axis, relegating
secondary environmental gradients to the third or higher axes.
RA results are generally superior to PCA results and the
method is easily applied to large data sets.

Detrended correspondence analysis is based on RA but corrects
its two major faults through detrending and rescaling.
Detrending - a method of adjustment of scores of axis 2
against axis 1 - is applied to the iteration and removes the
distortion or "arch" problem. Uniform axis rescaling allows
better comparison with results from different data sets.
Environmental interpretation, as with the other techniques, is
a separate and subsequent task.

Classification involves grouping similar entities together in
clusters. Community ecologists use three kinds of
classification: tabular arrangement by the Braun-Blanquet
approach, nonhierarchical classification, and hierarchical
classification. Customary input is species abundance in a
two-way samples-by-species data matrix. Classification can
aid environmental interpretations of community variation,

12



express relationships among samples, and identify outliers in
the data sets.

The Braun-Blanquet table approach is a manual procedure that
requires extensive subjective judgment and is not well
standardized; it is a very slow process, too, so that other
techniques are often preferred. Nonhierarchical
classification assigns species or samples to clusters but does
not arrange the clusters in relation to one another. It can
identify redundant samples or outliers and is often used as a
preliminary technique to edit very large data sets. :

Hierarchical classification groups similar species or samples
together and arranges them in a tree-like structure called a
dendrogram. As a data set gets larger, the tree branches
more, so that some branching cutoff is necessary. Of the
three groups of hierarchical classification techniques,
monothetic divisive techniques are rarely used anymore.
Polythetic divisive techniques, more commonly used, split the
entire data set into two branches, then each branch into two
more branches, etc. The major advantage is that the entire
data set is used for the critical topmost divisions, and it is
a rapid (and thus inexpensive) procedure. Polythetic
agglomerative techniques start with individual species or
plots and group them into larger and larger entities, which is
a more time-consuming process than the divisive techniques.

Choice of Multivariate Techniques

Detrended correspondence analysis was chosen as the ordination
technique for the North Cascades data, as it seems to provide

the most objective means of inferring important environmental

gradients in the data set. A FORTRAN program called DECORANA

(Hill 1979a) was used to analyze the data.

The input data was in the form of an importance value for each
species in each sample. The importance value consisted of
cover class alone (expressed on a scale of 1-6) for shrubs and
herbs, and for trees was the average of relative density
(expressed on a scale of 1-6) and cover class (on the 1-6
scale)., Rare species were downweighted by the program using a
predefined option.

Classification used the polythetic divisive method. TWIN