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OBJECTIVES AND STUDY AREA

On November 29, 2000 a multi-regional task force of hydrologists and soil scientists reviewed a
variety of products from the Inland Water Ways Initiative (IWWI) relating to the Greater
Yellowstone Area (GYA.) They examined six geographical products (Watershed Vulnerability,
Watershed Geomorphic Integrity, Watershed Water Quality, Damaged Stream Segments, and
Crucial Stream Segments.) Errors in these spatial data and their database attributes were generally
found to be amenable to relatively minor editing. The exception is the Watershed Vulnerability data,
which has major cross-administrative boundary differences, significant data gaps, and some major
inconsistencies related to the quality and scale of data available at the time of ratings. Many of these
ratings were made based on professional judgment and manual methods, and some of the rating
individuals have since moved on.

Since these ratings were made, data quality and digital support methods have improved dramatically.
The Interagency Spatial Analysis Center (ISAC) proposed to use these data, geographic information
systems (GIS), and a modeling approach to build a model of watershed vulnerability for the entire
GYA. Some specifications of this model follow:
® The most consistent system of rating vulnerability uses landtype-level data to aggregate
sensitive lands to a watershed level. Landtypes or Ecological Land Units (ELU) in TEUI’s
(Terrestrial Ecological Unit Inventories) have the necessary information to provide the
relevant criteria for the IWWI vulnerability layer. The model uses the “Landscape Model of
the Greater Yellowstone” which includes digital, TEUT spatial and attribute data for 90
percent of all GYA administrative units. For those units where TEUT mapping is not
complete or is at too broad a scale for this project, we will complete that mapping or model
the relevant criteria.
e Criteria will include the “highly dissected”” lands, not used in some earlier ratings.
e Watershed boundaries (HUCG) will be upgraded to currently available data. However, the
model will be created for existing HUCG’s also, since the other ratings maps are based on
this earlier data, and we need to maintain consistency with these maps.

We proposed the project at the December meeting of the Greater Yellowstone Coordinating
Committee, and accepted in February of 2001. It was funded in April of that year. This report
shares results of the project. This report is in final draft form. Results were reviewed in December
2001 by the Greater Yellowstone Hydrologist Group. A final review will take place at their February
2002 meeting and the final report will be published at that time. Current data are available from the
authors.

The Greater Yellowstone Area (GYA) can be defined in many different ways. For this study, we
defined it as a block of federal land centered on Yellowstone National Park, with some included
private lands that are surrounded by other federal lands (Figure 1.) Only federal and some included
private lands are used because the data used in determining vulnerability is complete only for those
lands and we want to be consistent with the earlier 1999 TWWT study.

To standardize the GYA for the study, we used a digital coverage (called GYAFS_BDY) of the area
to define boundaries. We modified this from a 2000 coverage obtained from the Geometronics
Service Center in Salt Lake City, which created it from Forest and National Park spatial data. The
Extent (Table 1) and location (Figure 1) of GYA administrative units are based on this coverage.
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These figures are approximate and may not be in complete agreement with more detailed work or
with other coverages. However, they are of sufficient accuracy for this study. As in many large,
complex studies using multiple data sources, figures given later in this study may vary from these
totals. 'This is often because of small data and version differences, but may also be due to
differences in definitions and sources of data. These differences are explained where they occur.

Some administrative units are only partially within the GYA. Not all area within these administrative
units is included (Figure 1.) Only the Madison District of the Beaverhead-Deerlodge National
Forest is used. For the Caribou-Targhee N. F., the non-contiguous portions of the Caribou
National Forest are not used, as well as the lands west of IWWI watershed 170402150604 on the
western extension of the Targhee National Forest. For the Custer N. F., only the Beartooth District
is included.

Table 1. Land Area by Administrative Unit as used in this study

Administrative Unit Total Area (Acres)*
Beaverhead-Deerlodge N.F. 750,581
Bridger-Teton N.E. 3,462,802
Caribou-Targhee N.F. 2,094,976
Custer N.F. 525,302
Gallatin NUF. 2,124,751
Grand Teton N.P. 333,139
National Elk Refuge 25,343
Red Rock Wildlife Refuge 58,811
Shoshone N.F. 2,466,963
Yellowstone N.P. 2,197,031
Total Administrative Arca 14,039,699

* Unit areas are for the Greater Yellowstone Area only.
Private lands within administrative coverage 282,237

Total Area from i ive Coverage 14,321,936
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Greater Yellowstone Area: Administrative Units




METHODS
The IWWI Criteria and their Interpretation for This Model

Criteria given in Inland West Watershed Initiative (IWWT) literature are applied in this model for all
lands in the GYA. One of our objectives is to develop a model to map these criteria uniformly
across the entire area. Furthermore, all ratings are to be based on properties of the landscape, not
interpretations of those properties. This will maximize consistency across management units,
minimize subjective input on the part of project personnel, and allows re-mapping of the model as
data and criteria change.

The following discussion is taken from an unpublished document provided by the IWWI Denver
project team in 1999. This is titled “Inland West Watershed Reconnaissance.” The term “watershed
vulnerability” refers to the inherent risks of conditions becoming degraded if certain sensitive lands
in a watershed are disturbed. This is not dependent on existing conditions, but only on the potential
landscapes have for degradation. Ratings are based on the proportion of “sensitive lands” in a given
watershed. This term refers to areas where disturbances pose a high probability of degrading
watershed soil-hydrologic functions. Ratings include: Low = less than 20% of the watershed is in
sensitive lands; Moderate= 20 to 50% are in sensitive lands; and High= more than 50% are in
sensitive lands.

Lands must meet at least one of three criteria for designation as “sensitive.” These criteria include
“highly dissected” slopes, “highly-erodible soils”, or “landslide deposits and potential landslides.”

Highly Dissected Slopes

Lands that are highly dissected have relatively dense stream networks. Their presence indicates
running water has had a prominent role in landscape development. Any disturbance in these areas is
likely to be close to a stream channel, increasing likelihood of sedimentation. The definition of
“highly dissected” is open to discussion. In some circles it indicates slopes have deeply-incised
drainageways. Some define it as a condition where all table or mountain lands have been dissected
by streams, or other geomorphological process. Some refer to it as a condition where drainageways
are closely spaced on steep slopes. Some specialists refer to areas where topographic maps indicate
many crenulations, regardless of source. It can be interpreted as dissection frequency, depth of
dissection, or a combination of these terms.

The objectives of this modeling effort include developing repeatable, quantitative measures
applicable consistently over the entire GYA. Also, we want to emphasize the presence of stream
channels without the additional interpretations needed for a classification of geomorphological
process. Therefore we have defined “highly dissected” in terms of drainage density only, using a
published guide (Haskins, et. al., 1998.)

Under Dissection Frequency Class, the following ratings are given.
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e Un-dissected (0 channels per mile)

o Slightly Dissected (1-3 channels/mile) (1760 — 5280 ft/drainage) or (537 — 1609 m/drainage)

e  Moderately Dissected (3-10 channels/mile) (528 — 1760 ft/drainage) or 161 — 536
m/drainage)

e Highly Dissected (more than 10 channels/mile) (less than 528 ft/drainage) or less than 161
m/drainage)

The “highly dissected” frequency class is probably significant to hydrologic functioning at a
watershed level. Using a digital representation of topography, we manually digitized these areas on-
screen at a scale of 1:100,000, using a minimum map unit of 320 acres (129 ha.) This area was
selected because it is relatively small compared to the average area of HUC6 watersheds, our
summary unit, and is large enough to contain enough drainageways that we can determine drainage
density. This level of detail is equivalent to the “Landscape” level in the National Hierarchical
Framework of Ecological Units published by the Forest Service (ECOMAP, 1993.)

We consider fluvial dissection as the only process significant in increasing landscape sensitivity.
Though dissection of landforms can relate to many landscape forming processes. Some of these are
glaciation, mass-wasting, fault-controlled colluviation (slow, particle-based downhill movement),
snow avalanche-scouring, or running water (fluviation). In the GYA, glaciation is the primary non-
fluvial process involved in landscape dissection. This process left many apparently dissected areas
that may or may not be sensitive today. Therefore glacial dissection was not used as mapping
criteria.

Landscape sensitivity is sometimes related to climatic and geologic cycles not operating today. For
example, some highly-dissected lands in relatively dry country were formed during post-glacial
periods of high rainfall, and their character is “relict” from this time period. Little rainfall occurs
today, so the landforms are relatively stable and lack sediment-transporting agents. We would prefer
to differentiate this “relict” dissection from that which indicates sensitivity. To model this on a
landscape basis, we would identify highly-dissected land areas that are in habitat types indicating
relatively-dry current climatic conditions. These could be eliminated from further analysis.
However, because “highly-dissected” is a relatively specific requirement in the IWWT criteria, we
have not included this as differentiating. This will result in a probable over-estimation of “sensitive”
lands using this criterion.

No existing inventories contain sufficient geomorphological description to be used for the
delineation of highly-dissected lands as defined above. Criteria and terminology varied across
surveys depending on their objectives and time-scale. No GYA-wide landform maps exist at the
level of detail required for this project. Therefore we looked at ways of delineating an independent
inventory of this single-factor characteristic.

Use of stream net development functions in GIS appears to work in small areas, but our trials
indicate results are inconsistent over areas as large as a National Forest, which is small compared to
the GYA. Though analysis of crenulations on contour maps shows promise for automating this
process, there is no methodology developed that is usable on corporate equipment. Though the
science of landform morphometry is advancing, only relatively simple measures oriented towards
small areas have been developed. Because of the need for synthesis of many visual cues required in
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delineating dissection, manual delineation remained the only practical way to delineate these kinds of
landforms.

We used GIS to make this process practical for the land area known as the GYA. Delineations were
derived from interpreting a georeferenced “hillshade” image at a 30 m resolution. These hillshades
are designed to shade the part of the topography facing away from an imagined “sun.” A
disadvantage of this orientation is that some of the topography is in “shade.” To mitigate this
problem, a high sun angle was used in the model, and two hillshades were used with opposite sun
angles (Figure 2.) computed with an opposite sun otientation to obtain a complete picture of
dissection. Excessive DEM errors (banding and data dropouts) occurred in the southern part of the
study area. These problems were overcome by obtaining a more current DEM for that part of the
study area.

The dissection criteria were applied to the contour, perpendicular to the longest dimension of a
candidate landform. For mapping efficiency we determined that a 200 m drainageway density was
more practical than the 161 m spacing specified above, and used that for the delineation criterion.
‘Though visibility at the scale of mapping was the only criteria we used for strength of dissection, it is
likely that only drainageways having more than about 100 meters of relative relief would be visible
and measured in this study. The final coverage was created by digitizing on-screen as in ARC ™.
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Figure 2. 1:100,000 scale view of hillshades and highly-dissected lands (upper is from sun azimuth of 135 deg and the lower s from an azimuth of 315
deg,)
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Highly-Erodible Soils

Technically, “soil-erodibility” is an inherent property of the soil itself. Soil properties that affect
infiltration, permeability, total water capacity, dispersion, splash, abrasion, and transport also affect
erodibility. Actual “soil-erosion hazard” can be high or low with a given soil-erodibility, depending
on slope, land cover, weather and climate conditions, landforms (including degree of dissection) and
kind of disturbance (Kirkby and Morgan, ed., 1980.) For example, some soils on high-elevation
tundra have high organic content, moderate textures, and a relatively low erodibility. However the
high precipitation and short growing season mean that even with a relatively low erodibility, soils,
will erode quickly if disturbed, and have a very long recovery period (Davis and Shovic, 1996.)

The example emphasizes that, with some exceptions, forested erosion and sedimentation events are
significantly related to the environmental factors within which the soils exist, rather than solely from
inherent properties of the soils themselves. This variability is an inherent weakness in using soil
crodibility alone as an indicator of “sensitive” lands. However, since this is a relatively specific
requirement in the IWWT document, we have used only soil properties to rate this factor. This will
result in a probable under-estimation of “sensitive” lands using this criterion.

Properties affecting water erodibility include soil texture, organic matter content, size and stability of
structural aggregates of the exposed layer, permeability of the subsoil, and depth to a slowly
permeable layer. An approximation of an index of soil erodibility can be obtained by using soil
texture (silt and very fine sand content, sand content), organic matter content, soil structure, and
permeability (Kirkby and Morgan, ed., 1980.) Soils with high silt and very fine sand contents tend to
have high erodibility factors, whereas sandy or clayey soils have rather low factors. Erodibility is
also related to organic materials in the soil. Soils with high organic matter contents have somewhat
lower factors than soils with low contents. Shallow soils are more erodible because of lower water-
holding capacity and effective permeability.

These properties are mapped in different ways across the GYA in a variety of soil surveys and
ccological unit inventories. The individual inventories have been integrated into one standardized
spatial model, called the GYA Landscape Model (Shovic and Urie, 2001.) Though properties
affecting soil erodibility are not directly mapped or described in this model, they can be inferred
using the technical classification of soils, using Soil Taxonomy (USDA, 1999.) We used the soil
classification to create a relative rating of erodibility at the landscape level, based on the above
theory, standardized interpretive models (USDA, 1992, pp. 21-25; 1993, p. 297) and field experience
in the GYA.

In taxonomic terms (USDA, 1999), any soils with a surface layer having a relatively high organic
component with a significant base saturation (the Mollisol soil order, or a Mollic subgroups) are
excluded from the highly-erodible class, unless shallow to bedrock (see below.) Soils with high silt
and very fine sand contents tend to have the highest erosion potential. In terms of taxonomic
description, this would include the “coarse-silty” and “fine-silty” particle size classes. Rock
fragments significantly reduce the inherent erodibility of soils (Kral and Hawkins, ed. 1984.)
Therefore, any soil Family having greater than 35 percent rock fragments is not considered highly-
erodible. This would include all “skeletal” soil Families. All soils with bedrock close to the surface
are susceptible to erosion (“Lithic” subgroups.) Soils with a significant component of volcanic ash
tend to have high erodibility (the Andisol soil order.) Soils with a lesser amount are considered to be
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only moderately erodible (Andic subgroups.) Soils formed in hydrothermal materials are always
considered highly-erodible. This is because of their unusual mineralogy and shallow depth class.

Methods for Spatial Definition of Erodibility

The existing GYA Landscape Model provided sufficient information on soil erodibility and
landslides for most of the study area. However, there are some gaps where information was not
available at the time of publication. We made efforts to provide complete coverage at the cost of
lower resolution in some areas, and estimated properties through a consistent and repeatable process
for others.

A VISUAL BASIC ™ program was written to make the criteria application process consistent,
repeatable, and easily changed (Appendix One.) This program reads each of the 1,703 map unit
records, determines if any major soil meets the erodibility criteria, and writes to another field if it
does so. Soils information is searched from a summary field or in any of three major component
fields. The presence of component information overrides a summary if it also exists, as we assume
it is more detailed. A few map units lack soils information. These are flagged as well. The “highly-
erodible” lands are represented as a field in the attribute table for the landscape model coverage.

A limitation of this method is that a map unit may be flagged for erodible soils even if only a small
(though significant) part of that map unit actually has those soils. This may result in an
overestimation of actual erodibility in a watershed. Since the model was predicated on use of
landtypes as “atomic” objects (having a single property), this was not considered. However, because
future model objectives may change, a modification was written for future use. If component
proportions were present, the areal contribution each component having “highly-erodible” soils was
weighted by its component proportion. For example, if Soil Component One was 30 percent of the
map unit, and was in the erodible class, the proportion of erodible soils was that proportion.
However, if Component Two was also “highly-erodible”, and had a proportion of 20%, the total in
the map unit would be 50%. Up to 15 % of any one map unit can be “dissimilar inclusions”.
These were not included in this analysis, so no cumulative proportion will add to 100%, unless
generated from a soil summary field. For map units having only soil summary information, each
criterion rule that fires raises the cumulative proportion by 33% to a maximum of 99%. This
approximates the contribution of more than one erodible soil in the summary.

Landslides

Presence of landslides and potential for landslides are both used as criteria for unstable slopes.
Existing landslides may indicate a pre-disposition towards additional slope failures when disturbed.
"The presence of landslides on the landscape is relatively easily mapped as they have distinct visible
characteristics, and are listed as properties of map units in GYA inventories. The potential for
landslides, however, is more difficult to define, because it is an interpretation based on those
properties. Because it is an interpretation, and criteria for those interpretations are not contained in
the GYA landscape model, potential for landslides is not mapped in this model. This probably
results in an under-estimation of “sensitive” lands using this criterion.

Spatial definition of landslides was relatively straightforward. Massive earth movements
(“landslides™) are described and classified in a number of relatively standard ways (e. g. Thornbury,
1969; Haskins, et. al., 1998.) Therefore, after a review of the database terms in the GYA model, a
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search query was created to find map unit records having terms relating to potential mass
movement. These terms include “landslide”, “mass wasting”, “earthflow”, “slumps”, “rock slides”,
and “block glide”, or words using these terms, present in any of nine fields in the database. See
query # 54 (landslides filter for later manual selection) in Appendix Two. Once these were selected,
each map unit record was manually examined to determine if mass movement was a dominant
component of the map unit. If landslides made up more than a “small” or “included” part of the
unit, the unit was flagged as a landslide. Tandslides are represented as a field in the attribute table
for the landscape model coverage.

The Landscape Model Used in the Vulnerability Analysis
‘The Landscape Model and Data Additions for this Project

The 2000 GYA Landscape Model (Shovic and Urie, 2001) is a systematic compilation and
integration of ecotype, landtype, and soils survey information for the entire Greater Yellowstone
area. It contains a single spatial coverage and a single linked database having standardized language,
field descriptions, and a level of quality control. Information on vegetation, landforms, soils,
geologic features, and climate can be extracted from this model. As published, it contains only those
landscape data that were completed and published before 2000. Some gaps remained in the GYA.
Since then more data have become available in draft form. The quality of these additional data was
sufficient for inclusion in this model, so the following additions were made. See Figure 3 for a map
of the 2000 data and the modified data used in this project. See Figure 1 for each administrative
unit’s location.

Bridger Teton National Forest: All existing inventory areas were of sufficient detail for this project
save those in the Teton and Gros Ventre Wilderness Areas. These were older, reconnaissance
surveys and are at a much lower resolution than the remainder of inventories in the GYA. They
were used here due to lack of better information. Some ratings on the Bridger-Teton National
Forest were potentially inaccurate. Landscape data were very broadly defined in the northern
portion of the Forest. This probably resulted in an under-assessment of vulnerability in this area.
There also may be some missing landslide data in the map units representing the Flat Creek arca
south of the wilderness. Vulnerability ratings may be higher than shown here.

Custer National Forest: The Custer portion of the Absaroka-Beartooth Wilderness Area is now in
process of being inventoried. About 1/3 of the area has a draft inventory of sufficient resolution to
be used in this exercise. Though detailed soil information was absent, erodibility and landslide
occurrence were estimated from aerial photography, existing adjoining information, and the
hillshade image.
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Grenter Yelboastone Aren: 2000 GY A Landseape Model
with Additions for Watershed YVuoloerability

Figure 3. Greater Yellowstone Area: 2001 GYA Landscape Model with Additions for Watershed
Vulnerability
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Most of the criteria for erodible soils are not likely to apply to the heavily glaciated, rocky remainder
of the area. However, it is likely there will be shallow soils having high erodibility on steep, glaciated
slopes. Therefore a reconnaissance inventory was completed on this area using the hillshade image
and surrounding mapping at a scale of 1:100,000. This identified landslides and highly-erodible soils
by landform, slope gradient, and slope shape.

Caribou National Forest (part of the Caribou-Targhee National Forest): Though digital spatial
information is available, tabular attributes are not in an easily imported form. For this project, the
spatial information was appended to the existing model, and appropriate attribute information was
manually entered.

Beaverhead National Forest (Madison District, part of the Beaverhead-Deerlodge National Forest:
This inventory is in the final stages of completion. Draft spatial information was edge-matched and
appended to the model. Draft digital attribute information was obtained and was formatted for this
model. This information may change somewhat for the final publication, but is considered
sufficient for the present study.

Gallatin National Forest: The term “lithic” was not used in the soil definitions used in the present
version of the digital database. However, shallow soils were described for map units in the
accompanying publication, and were manually entered. Six map units were missing soils
information. Soil components for these map units were projected from surrounding map unit
information.

Yellowstone National Park: No adjustments were made.
Grand Teton National Park: No adjustments were made.
Shoshone National Forest: No adjustments were made.

Red Rocks National Wildlife Refuge: This administrative unit, though in the Greater Yellowstone
Area, was not analyzed. No soils information was available.

National Elk Refuge: This area was analyzed, because soils and landslide information was available
through the Grand Teton National Park and Teton County inventories.

Data Completeness

Two kinds of data are flagged as “no data” in our project. The first kind includes mapped lakes and
large streams in the Landscape Model. These have no soil or landslide data but do have validity for
calculations within watersheds. The second includes existing landscape map units lacking attribute
data or areas within the project boundary having no spatial data. This category represents a true “no
dara” status in this project. Excluding lakes and streams, soil erodibility and landslides data coverage
for the GYA was nearly complete, with only four percent of the entire area missing data (Table 2.)
Figure 4 shows the distribution of this missing data. The southeast portion of the Shoshone
National Forest, though inventoried, has no digital spatial data (about 248,000 acres; “G” on Figure
4) Another 97,688 acres has spatial data but no attribute data (“F” on Figure 4.)

‘Table 2. Lands with No Soils Data in The GYA (excluding lakes and streams)
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No Percentage
Landscape | Total Unit Area | of Total

Unit Data (Acres) (Acres)* Area®* Comments

Landscape data missing in North

Beaverhead-Deerlodge N.F. 161,323 750,581 21.5% Madison Range
Landscape data missing south of

Bridger-Teton NUF. 17,166 3,462,802 0.5%Jackson

Caribou-Targhee N.F. 1,522 2,094,976 01%

Custer N.F. - 525,302 0.0%

Gallatin N.F. - 2,124,751 0.0%

Grand Teton N.P.# - 333,139 0.0%

National Elk Refuge - 25,343 0.0%

Red Rock Wildlife Refuge 58,811 58811 100.0% No landscape data

Shoshone N.F. @ 345,668 2,466,963 14.0% Landscape data missing in SE

Yellowstone N.P. - 2,197,031 0.0%

Totals 584,490 14,039,699 42%

* Unit areas are for the Greater Yellowstone Area only.
##* Includes John D. Rockefeller Parkway
##* Figures do not include 75,996 acres with no landscape data on private lands within Unit boundaries.

@ Includes about 248,000 acres of missing spatial data, with the remainder having spatial data but no attribute data.

A part of the Beaverhead-Deerlodge National Forest (161,323 acres) was missing attribute data.
"This missing data is concentrated in the northeast part (“B” on Figure 4), but some are scattered
throughout the area. The area just south of Jackson was missing attribute data (17,166 acres; “E”
from Figure 4) though spatial data were present. The Red Rock Wildlife Refuge has no landscape
data (58,811 acres; “H” on Figure 4). This is because it is has been added to the GYA in the last
year, too late for inclusion in the landscape model.

Large blocks of non-federal land within GYA boundaries have no landscape data (“C” and “D”)
and are not included in the missing data analysis (see Table 1) However, smaller, un-mapped areas
make up 75,996 acres of missing data. These are scattered throughout the GYA and are not
excluded from analysis. Spatial and attribute data from one large block of private land outside of
GYA boundaries (but inside the landscape model boundaries) was excluded by query (“A” on Figure
4.) Another area just south of Jackson is private, but was included in the landscape model.

Some ratings on the Bridger-Teton National Forest were potentially inaccurate. Iandscape data
were very broadly defined in the northern portion of the Forest. This probably resulted in an under-
assessment of vulnerability in this area. There also may be some missing landslide data in the map
units representing the Flat Creek area south of the wilderness. Vulnerability ratings may be higher
than shown here.
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Figure 4. Greater Yellowstone Area: 2001 GYA Landscape Model Data Status.
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Watershed Data

IWWI Watershed Data and GYA Watershed Data

Two watershed coverages were used in this study, each one providing a base from which rate
vulnerability by watershed using the landscape model. The first (Figure 5) is from the IWWT project
(termed IWWI Watersheds) completed using data gathered in 1999. This was compiled at the 6"
Hydrologic Unit Code level, and is commonly called the HUCG6 watershed layer. This was used as
the spatial base for the first part of the study, that of delineating watershed vulnerability with the
“sensitive” lands coverage from the landscape model. There are areas of missing data, notably in
Grand Teton National Park and the surrounding area. Also, administrative boundaries define
watersheds, notably around Yellowstone National Park.

The IWWT data were provided in a series of coverages, one for each administrative unit. We did not
have the resources to append and edgematch all of them, so our analysis was completed by
individual units and totaled for the GYA. With this in mind, we calculated there are about 1,130
total watersheds in the IWWI coverages with a total area of about 13,500,000 acres and an average
size of about 13,000 acres. Note that watersheds are clipped at unit boundaries, resulting in an
under-reporting of average size. Also, we intersected these coverages with the landscape model,
resulting in somewhat lower numbers of reported watersheds and areal extent.

We compiled the second coverage (termed GYA Watersheds) from watershed data developed in
2001 by federal and state administrative units. We appended and edgematched these data, and used
only that data within the GYA administrative unit coverage (Figure 6.) There are some data gaps,
notably in the western part of the Caribou-Targhee National Forest. This is because data were in
process of completion and not ready at time of publication.

We used this second coverage in the second part of the study, delineating watershed vulnerability
with the new “sensitive” lands coverage from the same landscape model used above. There are
about 765 total watersheds in the GYA watershed coverage (within the GYA boundary) with a total
area of about 12,600,000 acres and an average size of about 16,800 acres. Again, we intersected this
coverage with the landscape model, resulting in relative under-reporting of these figures later in the
analysis.
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Figure 5. Greater Yellowstone Area: IWWI Watersheds
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Comparison of The Two Watershed Coverages

There are advantages in using the newer watershed coverage. The GYA coverage is considerably
updated in terms of individual delineations (Figure 7.) Note that delineations are apparently more
detailed. Watersheds have been corrected within units (“D” vs. “C”). Cross-boundary joins have
been improved (“E” vs. “I”.) Data holes (“A”) and boundaries based soley on administrative units
(“B”) have been removed.  Finally, watersheds for Grand Teton National Park and the National Elk

Refuge have been added.

However, there are some disadvantages. Overall completeness for the GYA coverage is 5.6 percent
less than that for the TWWI coverage (Table 3), primarily due to lack of data for the western portion
of the Caribou-Targhee National Forest (Figure 6.) The data in Table 3 are taken from Table 4 and
Table 5. These tables show the missing watershed data compiled by administrative unit. Areal
extent for both coverages has been modified by those reductions related to absence of watershed
data only, and not for the landscape model.

Table 3. Area Covered by IWWI HI

JC6 and GYA HUCG6 Watersheds

IWWT
Watershed | GYA Watershed| Differencein | Percentage
Coverage Coverage Coverage Difference in
Unit (Acres) * (Acres)* (Acres) Coverage

Beaverhead-Deerlodge N.F. 749,581 750,466 885 0.1%
Bridger-Teton N.F. 3,459,073 3,325,482 (133,592) -3.9%
Caribou-Targhee N.TF%. 2,094,976 1,124,442 (970,534) -46.3%
Custer N.F. 524,633 525,302 669 0.1%
Gallatin N.F. 2,116,407 2,124,485 8,079 0.4%
Grand Teton N.P#% - 333,122 333,122 100.0%
National Elk Refuge - 25,343 25,343 100.0%
Red Rock Wildlife Refuge - (0) 0.0%
Shoshone N.F. 2,465,963 2,466,951 0.0%
Yellowstone N.P. 2,181,108 2,155,581 i
“Totals without Private Lands 13,591,742 12,831,174 %)
Private Lands within coverage 233,685 282,237
Totals with Private Lands 13,591,742 13,113,411 (478,331)

* These data are taken from Table 4 and Table 5. Areal extent for both coverages has been modified by
those reductions related to absence of watershed data only, and not for the landscape model.

‘Table 4. Land Area by

Unit as used for the

Model with GYA Watershed Data

Area Missing | Actual IWW1| Percentage
Total Area Watershed Watershed |with Missing| Reason for “Missing Data”
Unit (Acres)* Daa | Arca(Acres) | Data Designati
Beaverhead-Deerlodge N.F. 750,581 115 750,466 0.0%no GYA watershed data
Bridger-Teton N.F. 3,462,802 137,320 3,325,482 4.0%no GYA watershed data
Caribou-Targhee N.F. 2,094,976 970,534 1,124,442 46.3%no GYA watershed data
Custer N.F. 525,302 525,302 0.0%
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Gallatin N.F.
Grand Teton N.P.

National Elk Refuge
Red Rock Wildlife Refuge
Shoshone N.F.
Yellowstone N.P.

©)

Total Administrative Area
Private lands within
administrative coverage
‘Total Area from
Administrative Coverage

2,124,751 266 2,124,485 0.0%n0 GYA waershed data
333,139 17 333122 0.0%n0 GYA watershed data

25,343 © 25,343 0.0%

58,811 58,811 ) 100.0%n0 GYA watershed data
2,466,963 12 2466951 0.0%n0 GYA watershed data
2,197,031 41450 2,155,581 1.9%n0 GYA watershed data

14,039,699 1,208,525 12,831,174 8.6%
282,237
14,321,936

* Unit areas are for the Greater Yellowstone Area only.

Table 5. Land Area by Administrative Unit

s used for th

Vulnerability Model with IWWI Watershed Data

Area Percentage
Missing | Actual IWWI | with
Total Area | Watershed | Watershed | Missing | Reason for "Missing Data"
Ad Unit (Acres)* Data | Area (Acres) | Data Designati
Beaverhead-Deerlodge N.F. 750,581 1,000 749,581 0.1% Edgematch artifacts
Bridger-Teton N.F. 3,462,802 3720 3459073 0.1% Edgematch artifacts
Caribou-Targhee N.F. 2,094,976 S 2,094976 0.0%
Custer N.F. 525,302 669 524,633 0.1% Edgematch artifacts
Gallatin NLF. 2,124,751 8344 2,116,407 0.4% Edgematch artifacts
Grand Teton N.P. 333,139 333,139 - 100.0%No IWWI Watershed Data
National Elk Refuge 25,343 25,343 - 100.0% No IWWI Watershed Data
Red Rock Wildlife Refuge 58,811 58,811 - 100.0% Outside IWWI Watershed Data
Shoshone N.F. 2,466,963 1,000 2,465,963 0.0% Edgematch artifacts
No IWWI Watershed Data, on
Yellowstone N.P. 2,197,031 15923 2,181,108 0.7%the W edge of park
Total Administrative Arca 14,039,699 447957 13,591,742 32%

* Unit areas are for the Greater Yellowstone Area only.

Private lands within
administrative coverage
Total Area from
Administrative Coverage

233,685

14,273,383

NOTE: These figures are from data queries and estimation.
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Figure 7. Greater Yellowstone Area: Comparison of 1999 IWWT and 2001 GYA Watershed
Coverages
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RESULTS

Calculations for Dissected Lands, Highly-Erodible Lands, Landslides, and
Sensitive Lands in the GYA

Highly-erodible and landslide-prone areas are represented as attributes of polygons in the landscape
model coverage. Dissected lands are a separate coverage. These two coverages were intersected to
form a coverage having both attributes. The resulting attribute table was imported to ACCESS ™
where we used a series of queries to clean the data, calculate areas for the three parameters, remove
ovetlap, create a table of final attributes, and summarize for the tables given below (Table 6.) This
series of queries are standardized, so when data changes it is convenient to redo these tables.

‘Table 6. Query List for Unit Calculations

Record Source

(Tableor  Query
Query Query)  Number®  Records
Create attribute table from relations table 37 59,955
Select Valid Records from Attribute table table 42 46,956
Initialize Sensitive Arca Ficlds table 43 59,955
Assigns Area based on Erodibility 42 44 7,704
Assigns Arca based on Landslides and Dissection 42 45 9,649
Assigns No Data for Erodibility and Landslides 42 46 8,500
Re-assign sensitivity if dissccted lands and no landscape data 42 7 7,050
Summarize Sensitivity (Vulnerability) by Unit (Table 10) 42 10 11
Summarize Dissection by Unit (Table 7) 42 33 10
Summarize Landslides by Unit (Table 9) 42 15 10
Summarize Erodible Soils by Unit (Table 8) 42 13 10

* Query descriptions and SQL are in Appendix Two.

Highly Dissected Lands

We delineated highly-dissected lands using the criteria listed above for the entire GYA defined
above in Figure 1. Though we delineated lands on all Federal and most private lands, we excluded
two large areas (“C” and “D” in Figure 4.)

One of the least dissected areas is Grand Teton National Park (Table 7.) Though from outward
appearances this park is dominated by steep, rugged terrain, almost all of the mountainous area does
not meet the criteria for “highly-dissected” land in terms of drainage density. This is probably due
to relatively hard bedrock, recent uplift, and strong glaciation.

Most dissected lands occur in the Shoshone National Forest and the southern part of the Caribou-

‘Targhee National Forest (Figure 8.) The Shoshone National Forest has large areas of relatively
erodible volcanic rock, landscapes of greater age, and less glaciation, hence its high proportion of
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dissected lands (29.5 percent.) The southern Caribou-Targhee National Forest is dominated by
relatively weak sedimentary rocks with only scattered glaciation.

Table 7. Highly-Dissected Lands in The GYA

Beaverhead-Deerlodge N.E. 14291 750,581 1.9%
Bridger-Teton N.E. 147277 3,462,802 43%
Caribou-Targhee N.F. = 343,580 2,094,976 164%
Custer N.F. 32544 525302 6.2%
Gallatin NUF. 168,062 2,124,751 7.9%
Grand Teton N.P.+* 1,801 333,139 0.5%
National Elk Refuge @ - 25,343 0.0%
Red Rock Wildlife Refuge - 58,811 0.0%
Shoshone N.F. 727,097 2,466,963 29.5%
Yellowstone N.P. 85729 2,197,031 3.9%
Torals 1,538,017 14,039,699 10.8%

* Unit areas are for the Greater Yellowstone Area only. Above figures do not include 17,489 highly-dissected
acres in private lands within Unit boundaries.

** Includes John D. Rockefeller Parkway

% Modified from query output: 17,636 acres removed outside of GYA administrative boundary.
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Figure 8. Greater Yellowstone Area: Highly-Dissected Lands from the 2001 GYA Dissection
Coverage
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Landslides and Highly-Erodible Soils in the GYA

We used the modified landscape model described above to delineate highly-erodible soils and
landslides for the GYA. Each was independently calculated, so there may be overlap where highly-
crodible soils occur on landslide terrain. Each was tallied by administrative unit (Table 8 and D.)
Distribution is shown in Figure 9.

‘Table 8. Highly-Erodible Soils in The GYA

Erodible Soils | Total Unit

Ad Unit (Acres) |Area (Acres)* Percentage of Total Area
Beaverhead-Deerlodge N.F. 96,713 589,259 16.4%
Bridger-Teton N.F. 523422 3,445,636 15.2%
Caribou-Targhee N.F. 448401 2,093,454 21.4%
Custer N.F. 241585 525,302 46.0%
Gallatin NUF. 364,162 2,124,751 17.1%
Grand Teton N.P.** 80,727 333,139 24.2%
National Elk Refuge @ 11,795 25,343 46.5%
Red Rock Wildlife Refuge =+ na na na
Shoshone N.F. 542,742 2,121,295 25.6%
Yellowstone N.P. 480,791 2,197,031 21.9%
Trotals 2,790,337 | 13,455,209 20.7%)

* Unit arcas are for the Greater Yellowstone Area only. Since crodible soil s rated only where landscape data
is present, adjusted areas arc used for administrative units. These are from Table 2.

** Includes John D. Rockefeller Parkway

% no soils data

@ Highly-crodible lands in the National Elk Refuge from manually-removed acres in Grand Teton N. P.

Overall, 21 percent of the GYA has highly-erodible soil. This is consistent with the kinds of soils
commonly occurring in the region (shallow, silty, or dominated by volcanic ash.) However, soil
erodibility is only one component of landscape erosional potential. Therefore some of these ratings
may not necessarily correlate with data on actual or potential erosion in a given area. The highest
proportion (46.5 percent) of erodible soils occurred in the National Elk Refuge. This is because high
silt content in the soil which increases erodibility. However, this is not necessarily correlated to
erosion hazard, as the entire Refuge is on slopes less than two percent, resulting in low potential for
crosion under current land use. The next highest proportion (46 percent) occurred in the Custer
National Forest, primarily due to soil depth.

About eight percent of the GYA contains landslides or areas of potential slides. The Beaverhead-
Deerlodge National Forest and the Caribou-Targhee National Forest have the highest proportions

of landslide terrain (18 and 14 percent; Table 9.) Its distribution appears to be related to uplifted
sedimentary rocks, especially in the Caribou-Targhee National Forest (Figure 9.)

Table 9. Landslides in The GYA
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Beaverhead-Deerlodge N.F. 107,580 589,259 18.3%
Bridger-Teton N.F. 272,745 3,445,636 7.9%
Caribou-Targhee N.F. 205574 2,093,454 14.1%
Custer N.F. 53 525302 0.1%
Gallatin NF. 139,602 2,124,751 6.6%
Grand Teton NP+ 8,011 333,139 24%
National Elk Refuge i 25,343 0.0%
Red Rock Wildlife Refuge *+* na na na
Shoshone N.F. 214913 2,121,295 10.1%
Yellowstone N.P. 35374 2,197,031 1.6%
[Totals 1,074,333 13,455,209 8.0%]

* Unit areas are for the Greater Yellowstone Area only. Since landslides are rated only where landscape data is

present, adjusted areas are used for

units. These are from Table 2.

** Includes John D. Rockefeller Parkway
% no soils data
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Figure 9. Greater Yellowstone Area: Highly-Erodible Soils and Landslides using the 2001 GYA
Landscape Model
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