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| NTRODUCTI ON

Several broadscal e |ayers were created to map current and historica
ecol ogi cal conditions and ecol ogi cal processes across the Interior Col unbia
River Basin (ICRB). They were developed to nmeet the criteria of the Interior
Col unbi a Basi n Ecosyst em Managenent Project (I CBEMP) as descri bed by Keane
(1996), which required that (1) each | ayer be mapped continuously across the
| CRB, (2) each layer be devel oped with the same nethodol ogy, and (3) the

| ayers be available for analysis for Spring 1995. This chapter will focus on
t he devel opment of several key |layers and characterization files for the

| CBEMP

Overvi ew

In this Chapter, a layer is a logical set of data that classify a unique thene
within in a given raster map or vector map. A raster map is a grid of square
cells arranged in a pattern of rows and columms that delineates rel ated pieces
of ground. Each cell, called a pixel, is assigned an identifying character
based on the thene of the layer. Vector maps represent a geographic feature
using the coordinates of points, |lines and pol ygons. Maps are graphic
representations of the physical features of part of the earth's surface

(Mont gonery and Schuch 1993). Broadscale |ayers represent |arge pieces of
ground that depict thenes, such as soils, cover types, and roads. They were
del i neated for the ICBEMP in both raster and vector nmaps at a coarse scal e of
one square kilonmeter (kn?) pixel and a map scal e resol uti on of approxi nate

1:1,000,000. Al layers were integrated into the Geographic |Information



(Draft) Menakis--p.3

System (A S) using ARCINFO (ESRI ???) and GRASS software (USA CERL 1990).

The | CBEMP broadscal e | ayers are described by two groups: ecol ogical condition
and ecol ogi cal process. Ecological condition (or state) sinply describes the
structural or conpositional characteristics of the | CRB | andscape (Keane and
others 1996a). Layers described in this chapter characterize distributions of
current and historical cover type and road density. Ecol ogical process naps
describe the major processes that affect the condition of an ecosystem (Keane
and others 1996a). Processes |ayers described in this chapter include

geonor phol ogy, potential vegetation, structural stage, and fire.

The | CBEMP | ayers were mapped continuously (or wall-to-wall) to include al

| and types and ownerships within the | CRB or assessnent area. The |ICRB
boundary covers approxi mately 820,000 kn? in eight states, and extends beyond
t he Col unbi a Ri ver basin watershed (Appendix G to nmap conpl ete ecosystens and
their associated issues. For exanple, the Colunbia R ver basin watershed
divides the Geater Yell owstone Ecosystem To adequately address issues
relating to wolves or grizzly bears in this area, the conpl ete ecosystem was
included in the ICRB. This extended boundary was based on the Section |ayer,
del i neated by Nesser and Ford (1996) as part of the Ecol ogi cal Mapping Unit
(ECOVAP 1993) effort, and will be described in the BASE LAYER section. The

| CBEMP i ncludes two Environnmental |npact Statenment (EIS) anal ysis areas napped
within the |CRB (Gravenm er and ot hers 1996) and was used to devel op the draft

| CBEMP EI S report (Appendix G.

Each broadscal e | ayer was mapped with approxi mately the sane net hodol ogy, for
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consi stency in the evaluation of trends across the landscape. It is difficult
to contrast trends across managenent areas when maps are not created with the
sane procedures. For exanple, if several National Forests mapped whitebark
pi ne cover type in the Northern Rockies using different nethods (such as
satellite imagery, photo interpretation, field mapping), it would be difficult
to detect the geographic decline of whitebark pine by ecol ogi cal processes
I i ke succession and whitebark pine blister rust. Field mapping could show
greater decline in whitebark pine then satellite inmagery or photo
interpretation, giving the inpression that the decline is localized to a
National Forest, when in fact the decline mght be distributed across a | arger
area. By mapping the geographic area with the same net hodol ogy, any observed
trends in the decline of whitebark pine are based on that observation. Such
woul d not be the case if a National Forest mapped their whitebark pine

differently.

Al'l broadscal e | ayers had to be devel oped within a very short tine period
(Spring 1995), naking it logistically difficult to collect newfield data to
neet the requirenents of continuous wall-to-wall coverage and devel opment with
t he sanme nethodol ogy. |nstead, broadscale |ayers were devel oped from existing
| ayers and dat abases, opi nions of expert panels collected through a series of
wor kshops, and from conputer nodels. Because of the linmited tinme frame, many
| ayers were developed in parallel, which forced certain devel opers to use
early versions of other broadscale layers that were ultimately inferior to the

final versions.

Thi s chapter docunents the nethods used in devel opi ng key broadscal e spatia
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| ayers and characterization files in five sections. The first section, BASE
LAYERS, briefly defines inportant existing spatial |layers used in the
devel opnent of broadscale |ayers. The second section, CRBSUM LAYERS
describes the creation of the vegetation |layers needed to run the Col unbi a
Ri ver Basin SUccessional Mdel (CRBSUM. The third section, ROAD DENSITY
LAYER, discusses the nethods used in delineating the total |ength of roads
within 1 kilometer (kn?) pixels. The fourth section, FIRE LAYERS, briefly
descri bes the devel opnment of three layers that characterize wildland fire in
the ICRB. The final section, CHARACTERI ZATI ON FI LES, revi ews the methods used
in creating a database that summarizes several broadscale layers to the sub-

wat er shed

BASE LAYERS

| CBEMP base | ayers represent both elenments that affect vegetation on the

| andscape and actual vegetation nmapping. The devel opers of base |ayers

i ncl uded Forest Service scientists and staff, and the foll owi ng | CBEMP
cooperators: The Nature Conservancy, University of Mntana, University of

| daho, and several independent researchers. The following is a genera

di scussion on the creation of key base | ayers used in devel opi ng broadscal e

| ayers and dat abases described in this chapter

Provi nces and Secti ons

The Forest Service's National Hi erarchical Franework of Ecol ogical Units,

stratifies the Earth into progressively smaller units of simlar ecol ogica
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potentials based on biotic and environnental factors (ECOVAP 1993). Provinces
(often call ed Ecoregions) broadly delineate ecological climtic zones and
vegetational nmacrofeatures, while the nested Sections delimt broad | and
surface fornms and climax plant series (Bailey 1983, 1995). Both |CBEMP' s
Provi nce and Section vector layers were created fromthe aggregation of
Subsections devel oped by Nesser and Ford (1996), and differ slightly fromthe
Ecol ogi cal Subregi ons defined by McNab and Avers (1994) because Subsections
were nmapped at a finer scale. Subsections were mapped for the ICRB, at a
scal e of 1:500,000, during a series of workshops attended by soil scientists

and ecol ogi sts (Nesser and Ford 1996).

Regi onal Bi ophysi cal Settings

In cooperation with | CBEMP, The Nature Conservancy devel oped two | ayers that
del i neate tenperature and noi sture gradients by three broad |ifeforns: Forest,
Shrub, and Herb (Reid and others 1995). A 4 x 4 matrix was created for each
lifeform where each cell in the matrix was assigned a tenperature/noisture
gradi ent category (Figure 1). The rows in the matrix identify a tenperature
gradient fromcold to hot, while the colums identify a noisture gradient from
wet to very dry. Each cell in the matrix was assigned a group of climax plant
comunities (defined by habitat types and plant associations) that matched the

tenperature/ noi sture gradient of that cell (Reid and ot hers 1995).

The Section Biophysical Settings raster |ayer consists of a set of matrices
for each of the 24 Sections in the ICRB (72 matrices), and was mapped by

Subsection (Nesser and Ford 1996) using a heuristic nodel of elevation,
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aspect, and sl ope classes. Each nodel was devel oped by | ocal area ecol ogi sts
and spatially mapped using a G S at one kn? pixel size (Reid and others 1995).
The Regi onal Biophysical Setting raster |ayer was devel oped by the aggregation
of the Section Biophysical Settings layer into one set of natrices (one for

each lifeform) for the ICRB (Reid and ot hers 1995).

Current Cover Types

Hardy and others (1996) classified existing vegetation conposition (circa
1990) into broad vegetative cover types by nodifying a satellite inmagery map
of vegetation. The ERCS Data Center created the Land Cover Characterization
(LCC) map, an existing vegetation map derived fromsatellite imagery, for the
entire United States (Lovel and and others 1991, Eidenshink 1992). Area
ecol ogi sts refined and nodified the LCC map into broad vegetative cover types
through a series of workshops for the ICRB. Mst forest cover types are
defined by the Society of American Foresters (Eyre 1980) and the range cover
types are defined by the Society of Range Managenent (Shiflet 1994). Hardy
and others (1996) reduced the 158 cover type categories in the LCC nap to 48

cover types specific to the | CRB

Hi storical Cover Types

Losensky (1994) nmapped vegetation existing at the turn of the century (circa
1900) by broad cover type classes at 1:1,000,000 map scale. The layer was
conpil ed fromvarying map scal es of archived maps and historical records

publ i shed around the turn of the century and as late as the 1930's. Since
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sone data sources were fromas recent as the 1930's, there was a certain
amount of backdating required in standardizing this layer to the same target
year. A tabular report of structural stages by cover type and Section was

al so conpil ed, and used in devel oping the historical structural stage |ayer.

CRBSUM VECETATI ON LAYERS

Several broadscal e vegetation |ayers were specifically created fromthe base
| ayers to serve as input layers into the Colunbia R ver Basin Successiona
Model (CRBSUM devel oped by Keane and others (1996b). CRBSUM si nul at es

br oadscal e | andscape changes as a consequence of various |and managenent
policies (Keane and others 1996b). Two sets each of potential vegetation
type, cover type, and structural stage |ayers were devel oped for both

hi storical and current CRBSUM runs (Keane and others 1996b). A potenti al
vegetation type is a unique and stable climax plant community created by
grouping simlar habitat types and plant associations (Keane and ot hers 1996b
Pfister and others 1977). Cover types are simlar to the cover types used by
Hardy and thers (1996) that were described in the BASE LAYER section. A
structural stage represents the devel opnental changes in a plant comunity's
vertical structure (diver and Larson 1990, Keane and others 1996b). A |ist
of potential vegetation types, cover types, and structural stages are

presented in appendix A B, and C, respectively.

Base | ayers were nodified to neet the requirenments of CRBSUM The Regi ona
Bi ophysi cal Setting |ayer was used to create CRBSUM Potenti al Vegetation Types

(PVT) layer. The Current Cover Types base |ayer was used to create CRBSUM
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Current Cover Types (CT) layer, and the H storical Cover Types |ayer base was
used to create CRBSUM Hi storical CT layer. CRBSUM Current Structural Stages
(SS) was created froma discrimnant analysis and CRBSUM Hi storical SS was

created froma stochastic nodel .

CRBSUM Requi renent s

I nformati on nmapped by CRBSUM vegetation |ayers was constrai ned by the

successi onal pat hways used by CRBSUM (Keane and ot hers 1996b, Long and others
1996). When PVT, CT, and SS |layers are overlaid on top of each other, the

uni que conbi nations of values for a specific pixel need to nmatch the

conbi nati ons found in the successional pathways. This spatial natching of
different layers will be called spatial agreenment. For exanple, a pixel
having a Dry Douglas-fir potential vegetation type in the PVT |layer might have
Subal pine Fir cover type in the CT layer and Stem Exclusion Single Strata
structural stage in the SS layer. Since the Dry Douglas-fir potenti al
vegetation type successional pathway does not contain the Subal pine Fir cover
type, either the PVT or CT |layer would have to be nodified. The nodification
could be to switch the PVT layer to Dry Spruce-Fir potential vegetation type,
or the CT layer to Douglas-fir cover type. Another exanple for structural
stage, is that a Stem Excl usion Qoen Canopy structural stage can only occur in
dry PVT, and a Stem Excl usion O osed Canopy structural stage can only occur in
noi st PVT. Methodol ogy used in devel opnent of the base | ayers and the

relati onship of vegetation types between the base |ayers, fornmed the basis of

all nodifications fromthe base |layers to the CRBSUM | ayers.
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Limtations And Spatial Agreenent

The met hods used in devel opi ng the Regional Biophysical Setting |layer had a
fewlimtations in the assignnent of the lifeforms. The tenperature/ noisture
matrix for each lifeformwas sel ected based on the conbi nation of el evation
aspect, and slope classes, for a given geographic area (Reid and ot hers 1995).
Qccasional |y, these conbinati ons woul d delineate |large areas with two
lifeforns al nost equally represented in that area. The lifeformthat occupied
the greatest area was al ways sel ected, and the other |ifeformwas not napped.
For exanple, in the Lamar Valley of Yellowstone National Park, both forest and
herbaceous |ifeforms occur in the sane pixels for given elevation, aspect, and
sl ope classes. Since the forest lifeformis slightly nore dom nant then the
her baceous lifeform the forest lifeformwas sel ected and the herbaceous

lifeformwas not mapped in the Lamar Vall ey.

The Current Cover Type base | ayer was devel oped by nodification of the LCC map
created fromsatellite imagery (Hardy and others 1996). One linmtation of
mappi ng with satellite inmagery data is the occasional difficulty in

di stingui shing between cover types with simlar spectral signatures (or
simlar reflectance). For instance, both ponderosa pine and whitebark pine
cover types could be classified as one cover type, because they have simlar

spectral signatures.

The limtations of both the Regi onal Biophysical Setting |ayer and the Current
Cover Type |l ayer were resolved when overlaying the layers. Overlaid is a

common G S nethod of conparing |ayers by cross referencing pixels in the sane
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geographi c location, studying their interaction, and potentially generating a
new | ayer. The Current Cover Type base | ayer was used to distinguish between
lifeforns that were lost in the Regional Biophysical Setting |ayer because of
the broad el evation, aspect, and slope classes. For exanple, in the Lanar
Val | ey exanpl e descri bed above, forest and herbaceous lifefornms could be
del i neat ed based on cover types found in the Current Cover Type base |ayer.
The Regi onal Biophysical Setting |ayer was used to separate cover types with
simlar spectral signatures. For exanple, ponderosa pine and whitebark pine
cover types were separated because they occur in different
t enperat ure/ noi sture gradi ent classes found in the Regional Biophysica

Setting |ayer.

Potential Vegetation and Cover Type Layers

A draft CRBSUM PVT | ayer and CRBSUM Current CT |ayer were created by

overl ayi ng the Province, Regional Biophysical Settings, and Current Cover Type
base | ayers. The overlay produced a "conbine layer" with 2,617 uni que

conbi nati ons containing the attributes of each base layer. For exanple, Table
1 shows that 5,364 pixels of the conbine |ayer value 536 had a Provi nce val ue
of MB31l, a Regional Biophysical Setting value of Forest 43 (Hot, Dry), and a
Current Cover Type value of Interior Ponderosa Pine. Area ecologists then
assigned a CRBSUM PVT and CRBSUM Current CT to each conbination of the conbine
| ayer, based on the types found in the CRBSUM successi on pat hways. For
exanple, in value 536 the draft CRBSUM PVT was assigned an Interior Ponderosa
Pine potential vegetation type, based on the plant associations or habitat

types used to delineate Forest 43 of the Regional Biophysical Setting |ayer



(Draft) Menakis--p.12
(Table 1). The draft CRBSUM Current CT was assigned an Interior Ponderosa
Pi ne cover type based on the value of the Current Cover Type base layer. The
assi gned val ues were nodified for spatial agreenent (described above and shown

in Table 1).

The Hi storical Cover Type base layer, the draft CRBSUM PVT, the draft CRBSUM
Current CT layer, and the conbine |ayer were overlaid to create a layer with
3,951 uni que conbi nations (which will be called the final conbine |ayer). For
each uni que conbination of values in the final conbine [ayer, the fina

assi gnnents of CRBSUM PVT, CRBSUM Current CT, and CRBSUM Hi storical CT were
conpl eted. The conbine |layer was included in the final conbine |layer to help
track potential problens with the above assignnent. To illustrate, a
potential problemwould exist if large areas of the Hi storical Cover Types
base | ayer conflicted with the assignment in the draft CRBSUM PVT | ayer, based
on the conparison to the successi onal pathways. Such conflicts were usually

the result of an incorrect assignnent made in the conbine |ayer.

About one-quarter of the unique conbinations in the final conbine |ayer did
not match the successi on pathway information used by CRBSUM The mi smatches
occurred when values fromthe H storical Cover Type base | ayer were conpared
with values fromthe draft CRBSUM PVT and draft CRBSUM Current CT |ayers.

They were usually the result of the Hi storical Cover Types base |ayer having
been mapped at a coarser map scale then the Current Cover Types and Regi ona

Bi ophysi cal Setting base layers. Conflicts were resolved by sel ecti ng anot her
type based on conparing val ues of adjacent pixels; by incorporating ecol ogica

processes (like fire) that would be associated with potential vegetation types
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and cover types; and by review ng the draft CRBSUM maps, other maps, and
literature. For exanple, Table 2 shows that 367 pixels were mapped in the
final conbine |ayer (value 1,283) conposed of the following attributes: Dry
Dougl as-Fir with Ponderosa Pine potential vegetation type fromthe draft
CRBSUM PVT, Dougl as-fir cover type fromthe draft CRBSUM Current CT, and
Subal pi ne-fir cover type fromthe H storical Cover Types base |ayer.
Subal pi ne-fir does not occur in this potential vegetation type based on the
successi onal pathway information used by CRBSUM (Keane and ot hers 1996b, Long
and others 1996). The Dry Douglas-Fir with Ponderosa Pine potentia
vegetation type historically had high fire frequency. Since the Ponderosa
Pine cover type is fire resistant and occurred in the adjacent pixels, it was
assigned as the CRBSUM Hi storical CT value. This exanple was comon in the
| ower mountain ranges of the Rocky Muntains, where the map scale of the
Hi storical Cover Types base | ayer was too broad to distinguish the division of

t he val |l eys.

In the creation of CRBSUM vegetation |ayers, the values assigned to pixels

m ght have changed fromthe original base |ayers, when conparing simlar cover
types. The Current Cover Type base |ayer changed by 17 percent (135,858 knt),
when overlaid with CRBSUM Current CT layer. The Historical Cover Type base

| ayer changed by 29 percent (237,180 kn?) when overlaid with CRBSUM Hi storica
CT layer. Estimates on percent change fromthe Regi onal Biophysical Setting
base | ayer to the CRBSUM PVT | ayer could not be determ ned because of the

layer's different classes.

Model cover types--The final conbine |ayer was assigned nodel cover types for
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i nput cover type layers for CRBSUMruns (Table 2). These nodel cover types
are a finer classification of vegetation then the CRBSUM CT, and were used in
t he devel opnment of the successional pathways that drive CRBSUM (Keane and
ot hers 1996b, Long and others 1996). The nodel cover types were aggregated to
t he CRBSUM CT (Appendi x B) when generating all nmaps and dat abases for the

| CBEMP.

CRBSUM Current PVT and CRBSUM Hi storical PVT--Two potential vegetation |ayers
were created because of changes to potential vegetation communities caused by
urban devel opnment and agriculture. These |andscape changes were added to the
CRBSUM PVT | ayer to match the successional pathway information used by the
Current CRBSUM runs (Keane and others 1996b, Long and others 1996). The
CRBSUM Current PVT layer was created by replacing pixels in the CRBSUM PVT
layer with pixels that delineate Rural and Agricultural cover types fromthe
CRBSUM Current CT layer. This process created both a Rural and an
Agricultural potential vegetation type. The CRBSUM PVT | ayer was renaned to

CRBSUM Hi st orical PVT | ayer.

Potential Vegetation Goups--To facilitate the analysis used in the | CBEMP, 15
cl asses of Potential Vegetation Goups (PVG were created by the aggregation
of CRBSUM PVT (Appendi x A). PVG represents broad ecol ogi cal processes
stratified by Iifeform For exanple, Dry Forest PVG was created fromthe
aggregation of the CRBSUM PVT that delineates dry forest conmunities (Appendix
A). These forest comunities are usually found in areas of |ow el evation with

light to noderate precipitation, and noderate to high fire frequency.
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Structural Stages Layers

CRBSUM Current SS | ayer was produced froma discrimnant analysis using the
structural stage |ayer devel oped for the Mdscal e Subsanpl e Data (Hessburg and
Smith 1996) and other broadscale data |ayers. The M dscal e Subsanpl e Data

ef fort mapped potential vegetation types, cover types, and structural stages
from 1950 and 1990 aerial photography over a cluster of watersheds scattered

t hroughout the | CRB (Hessburg and Smith 1996). This data set represents |ess
then 3 percent of the ICRB land area. The structural stage vector |ayer was
converted to a 100 neter pixel raster layer. This raster layer was then
resanpled to 1 kn? pixel size by selecting the nodal structural stage when
overlaid with a 1000 neter pixel size grid. The nodal structural stage was
sel ected when at | east 60 percent of the 100 neter pixels, with the sane
structural stage, occupied a 1000 neter pixel (at |east 60 out of 100 pixels).

This produced the Mdscale Structural Stage |ayer.

The di scrimnant analysis was stratified by forest, woodl and, and range
structural stages. The Mdscale Structural Stage |ayer was the dependent

vari abl e; several continuous ancillary layers, including topographical
climatic, and vegetational indices, were the independent vari abl es.

Topogr aphi cal | ayers of elevation, aspect, and slope were derived from 500
neter Digital Elevation Mddel (USGS 1990a). The climate |ayers’ independent
val ues included total precipitation for each weather year 1982, 1988, and
1989, and mini mum and maxi mum t enperature, dew point, and solar radiation for
normal weat her year 1989 (Thorton and others 1996). Vegetational indices were

taken fromthe layers of nonthly Normalized D fference Vegetation Index (NDVI)
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for January, March, My, August, and Septenber, of 1991. NDVI is an indicator
of the total anount of photosynthetic biomass. The |layers were produced from
Advanced Very Hi gh Resol ution Radioneter (AVHRR) inmagery by the ERCS Data

Center (Gallo and Heddi nghaus 1989).

The overall accuracy of the discrimnant function by percent of the tota
observations was 28.6 percent for forest structural stages, 78.18 percent for
woodl and structural stages, and 57.4 percent for range structural stages.
Young Miulti-Strata Wodl and and A d Single-Strata Wodl and structural stages
were not mapped during the nodal resanpling of the midscal e data, because they
represented | ess then 60 percent of a 1 kn? pixel, and were not included in
the discrimnant function. One potential explanation for the | ow accuracies
in the discrimnant function could be the snmall sanple size (about 3 percent)

of the Mdscale Data to the | CRB

The CRBSUM Current SS | ayer was then generated by applying the derived

di scrimnant functions across the entire ICRB for each of forest, range, and
woodl and settings. The discrimnant functions were constrai ned by the CRBSUM
successi onal pathway informati on (Keane and ot hers 1996b), where only those
structural stages relevant to specific CRBSUM Current PVT and CRBSUM Current
CT conbi nations were assigned to a pixel. Since the woodl and di scri m nant
function did not occur for Young Milti-Strata Wodland and A d Single-Strata
Wyodl and structural stages, they were assigned when they were the only
possi bl e structural stage for a specific CRBSUM Current PVT and CRBSUM Current

CT conbi nati on
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The CRBSUM Hi storical SS |ayer was devel oped froma stochastic nodel based on
sunmari es associ ated with the Historical Cover Types base | ayer (Losensky
1994). Losensky sumari zed the percent occurrence of each structural stage by
cover type and Section. Based on these percentages, structural stages were

stochastically generated across the | CRB by using a sub-nodel inside CRBSUM

M dscal e Conpari son

XXXXXX

El S Updates to CRBSUM Veget ati on Layers

The CRBSUM vegetation layers were slightly nodified for the EI'S anal ysi s.
Agricultural vegetation types mapped on federal |ands were reclassified to

ot her vegetation types. The CRBSUM Current PVT | ayer was nodified by
replacing Agricultural potential vegetation types with CRBSUM Hi storical PVT
| ayer that occurred on federal |ands. The CRBSUM Current CT |ayer and CRBSUM
Current SS layer were nodified by selecting cover types and structural stages
that could have been confused with an agriculture vegetation type. The

nodi ficati on process was based on reviewi ng the CRBSUM Hi storical PVT |ayer,
the CRBSUM Hi storical CT |layer, the CRBSUM Hi storical SS |ayer, and the
successi on pathway informati on used by CRBSUM A total of 7,473 kn? were
reclassified, with nost cover types going from Agricultural cover type to
Exotic Forbs / Annual Grass cover type (56 percent) and Agropyron Bunchgrass

cover type (26 percent).

Al'l CRBSUM vegetation |layers were nodified to match the geographi c extent of
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El S boundary. The CRBSUM vegetation |layers were clipped to the EI S boundary,
where the | CRB boundary was outside the EI'S boundary. A total of 688 kn? of
t he CRBSUM vegetation |ayers were extended to the ElI'S boundary, because the
El S boundary was outside the | CRB boundary. This difference occurred nostly
as one pixel wide slivers along the Cascade crest, and was the result of the
El S boundary havi ng been nmapped at a finer scale. These areas were filled by
assigning a value to a pixel based on the nost comon val ue found in the
surroundi ng pixels. These nodified layers will be called El S-CRBSUM veget ati on

| ayers.

ROAD DENSI TY

The Road Density |ayer describes the total |length of roads (kn) within a pixe
(knm?) by six road density classes (Table 4). The |layer was devel oped using a
rul e- based approach on the m dscal e roads | ayer and several broadscal e | ayers.
Thi s rul e-based nodel was sel ected over the 1:100,000 Digital Line Gaph (100k
DLG Roads |ayers devel oped by U S. Geol ogi cal Survey (USGS 1990b), because

t he mapped roads were delineated nore than twenty years ago maki ng t hem

unsui tabl e for describing rural and forested | ands (especially |ogging roads).

The Road Density layer includes all road types from highway to | oggi ng roads.

M dscal e Road Density Layer

The Subsanpl e Roads | ayer was created frominventory databases (TM5, RVMS ??7),

digital maps, and aerial photography, at a 1:24,000 nmap scal e (Hessburg and

Smith 1996). The |ayer nmapped about 3 percent of the sub-watersheds scattered
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t hroughout the |1 CRB, and was devel oped as part of the M dscal e Subsanpl e Data
effort (Hessburg and Snmith 1996). A Mdscale Road Density | ayer was created
fromthe Subsanpl e Roads |ayer by summing the total length of roads that fel
within each cell of a 1 knt grid. Wen a pixel divided watershed boundari es,
thus creating pixels only partially represented, road densities were adjusted
for the reduced sanple area. Adjustnments were cal culated by nmultiplying the
road density by the difference between the areas. For exanple, when a pixe
split the outer edge of a watershed in half, the total road density sunmed
fromthe roads data area was nultiplied by two. Unreasonably high road
densities were occasionally produced by pixels having only a snall percent of
area with roads data. Those few pixels were del eted because the adjusted road
densities were higher then nost of the non-adjusted road densities (pixels

with conplete roads data).

Devel opnent and Anal ysis of Broadscal e Layers

The conpl eted M dscal e Road Density | ayer was conpared with several broadscal e
| ayers to determ ne which broadscal e cl asses woul d best predict road density
across the ICRB. The midscal e anal ysis was conpl eted by overl ayi ng each
broadscal e | ayer with the Mdscal e Road Density layer. For each road density
class, the total nunber of midscale pixels that occurred within a broadscal e

| ayer were summari zed for each broadscal e cl ass. These sumaries were then
used to aggregate the broadscal e classes into distinctive classes that best
predicted road density. The |layers selected for devel oping the rul e-based
nodel were Land Use (created from Managenent Regi ons, Managenent Area

Cat egori es and Roadl ess Areas), Lifeforms (created from CRBSUM Current Cover
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Types), El evation, Slope, and United Parcel Service Roads.

Land Use | ayer--To address issues associated with managenment and ownership, a
Land Use | ayer was devel oped by conbining the follow ng | ayers: Managenent
Regi ons, Managenent Area Categories (MAC), and Roadl ess Areas. The Managenent
Regi ons layer (G avenm er and others 1996) delineates six major ownership
groups (Table 5) for the I CRB, and was devel oped for the CRBSUM assessnent
runs described by Keane and others (1996b). The Forest Service (FS) and
Bureau of Land Managenent (BLM classes in the Managenment Regi on map were
further stratified by MAC and Roadl ess Area |layers. This stratification was

used to delineate roadl ess areas outsi de wi | derness areas.

The MAC | ayer mapped FS/BLM Il ands within the EI'S boundary based on simlar
nmanagenment obj ectives ranging fromwi |l derness to active nanagenent (G avenm er
and others 1996). The managenent objectives were aggregated into three
classes. The first class consisted of MAC 1 and 2 categories that represented
wi | derness and desi gnated w | derness areas. The second class contai ned MAC 3
and 4 categories that represented areas not suitable for active managenent or
areas nmi ntai ned because of scenic concerns. The |last class consisted of MAC
5 through 8 categories that represented areas of active managenent, such as
ti nber managenent zones. The MAC | ayer was mapped at a finer scale then

Managenent Regi ons and Roadl ess Area | ayers.

The Roadl ess Area | ayer was based on Forest Plans and RARE || delineations of
roadl ess and non-roadl ess areas (Gravenm er and others 1996). The |ayer was

used to map areas outside the EI' S boundary that were not represented by the
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MAC | ayer. The Roadl ess Area | ayer was napped at a coarser scale then the

Managenment Regi ons and MAC | ayers.

Fourteen cl asses were created in the Land Use |ayer, by overlaying and
conbi ni ng Managenent Regi ons, MAC, and Roadl ess Area |layers (Table 5). A few
conflicts occurred between the | ayers because of the different nmap scal es used
in devel oping the layers. These conflicts were resolved by selecting the

| ayer mapped at a finer nmap scale. For exanple, Land Use class 3 has both

wi | derness areas fromthe Managenent Region |ayer, and active nmanagenent areas
fromthe MAC | ayer. Since the MAC | ayer was nmapped at a finer resolution

road density cl asses were assi gned based on active nanagenent.

Anal ysis of the Land Use layer to the Mdscal e Road Density | ayer showed those
FS/ BLM cl asses with either MAC 1 and 2, MAC 3 and 4, or Roadl ess usually had
road density classes of None to Very Low. The National Park Service class had
road density classes of None to Very Low, however, this class was represented
by a small sanple size due to very little overlap with the m dscal e | ayer.

The rest of the Land Use cl asses had a range of road densities, and required
additional information fromother |ayers (discussed bel ow) before road

densities were estinated.

Lifeformlayer--The CRBSUM Current Cover Types |ayer was aggregated into five
lifeformclasses (Table 6). These classes were used to predict road densities
based on the types of managenent activities that could occur in these lifeform
classes. Overall, the road densities were usually lower in both Agricultura

and Range |ifeformclasses based on analysis of the Mdscal e Road Density
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layer. The Forest lifeformclass had a wi de range of road densities, while
the Rural lifeformclass usually had higher road densities. The Water
lifeformclass always had road density class of None, except for the few
pi xel s where the midscal e and broadscal e |l ayers did not match due to different

nmappi ng net hodol ogi es (see CRBSUM LAYERS above).

El evation and Sl ope | ayers--The 500 neter Digital El evation Mdels (DEM | ayer
(USGS 1990a) was classified into five classes to create the El evation |ayer
(Table 7). Four slope classes were generated fromthe Slope | ayer created
fromthe 90 nmeter DEM (Table 8). Road densities usually decreased with an

i ncreased el evation and/or slope, based on analysis of the m dscal e data.

United Parcel Service (UPS) Roads |ayer--This |ayer was devel oped by addi ng
additional roads to the 100k DLG Roads map in rural and urban areas
(Gravenm er and others 1996). The UPS Roads | ayer was used nostly for road
densities associated with rural and urban |ands, because roads added to the
100k DLG Roads map did not usually include other areas |ike forest and range
lands. Two classes were created fromthis layer, Hi gh To Extrenely H gh road
densities and None To Mdderate road densities. The UPS road | ayer appeared to
be the best indicator of road densities associated with popul ated areas, based

on the mdscal e anal ysi s.

The rul e- based nodel

A rul e-based nodel was devel oped to predict road density classes across the

| CRB, based on the midscal e analysis of the broadscale layer. The Land Use,
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Lifeform El evation, Slope, and UPS aggregated broadscal e | ayers, when
overlaid with the Mdscal e Road Density |ayer, produced a total of 808 uni que
conbi nati ons. Each conbinati on was assigned a road density class (Table 4)
based on the midscal e anal ysis of the broadscal e cl asses, and the road density
class that was best represented by the Mdscale Road Density |ayer. For
exanple, a High road density class was assigned to the conbination of: Land
Use class 8 (FS/BLM - Non WIlderness - MAC 5 through 8), Lifeformclass 2
(Forest), Elevation class 2 (3,000 to 5, 000 feet), Slope class 1 (0 to 10
percent), and UPS class 1 (none to noderate road densities), because the H gh
road density class had the highest frequency of observations when overlaid
with the Mdscale Road Density layer. The Hi gh road density class also fit
the midscal e anal ysis of the broadscal e cl asses, where high road densities
could occur in actively nmanaged forest lands at | ow elevation with gentle
sl opes. A higher road density class was al ways sel ected over a | ower road

density class when there was a choi ce between two or nore cl asses.

About 500 of the rul e-based conbi nations did not have M dscal e Road Density

| ayer information when overlaid with the broadscal e | ayers. Road density

cl asses for these conbinati ons were based on the trends observed in the

m dscal e anal ysis of the broadscal e cl asses. For exanple, a None road density
cl ass was assigned to the conbination of: Land Use class 4 (FS/ BLM -

W derness - Roadless), Lifeformclass 2 (Forest), Elevation class 4 (7,000 to
9, 000 feet), Slope class 3 (30 to 50 percent), and UPS class 1 (none to
noderate road densities). The None road density class would occur in roadl ess
areas at high elevation with steep sl opes, based on the mnidscal e anal ysis of

the Land Use, Elevation, and Slope |ayers.
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Limtations

The final Road Density layer (Figure 2) had a few classification probl ens
because of inconplete data |ayers, limtations of the sanpling design of the
Subsanpl e Roads | ayer, and the limtations of a rul e-based nodel. An exanple
of an inconplete data |ayer occurred along the south fork of the Fl athead
River in the Bob Marshall W]Iderness. The south fork of the Flathead River is
designated a WIld and Scenic River. Unfortunately, the Roadl ess Area | ayer
did not map Wld and Scenic Rivers as roadl ess, even if they were in the

wi | derness areas. The south fork of the Flathead River was classified with a
Low road density class, because it was delineated as Non-Roadl ess in the
Roadl ess Area layer. The river should have been classified as a None road
density class, because it is in the Bob Marshall WIderness Area. This
probl em coul d have been resolved if MAC were devel oped for the I CRB and not

just the EIS

The M dscal e Subsanpl e Data was designed to map vegetation, not to predict
road density. The sanple size was both small (about 3 percent of the | CRB)
and did not capture the entire range of road densities across the ICRB. This
was evi dent by the small nunber of midscal e observations found inside Nationa
Park Service |lands, and the | arge nunber of conbinations w thout subsanple
roads data (about 500 conbinations). Al so, roads were only napped to the
wat er shed boundary that often split a 1 kn? pixel, creating inconplete
observations that were either deleted or nodified to create a conplete
observation. These split pixels should have been del eted, but the sanple size

was al ready too small.
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A few road types could not be predicted using this rul e-based approach. For
i nstance, Yell owstone National Park was assigned a road density class of None,
because there were no uni que rul e-based nodel conbinations for predicting the
park's road system Roads inside the park are based on human recreationa
interests, which was not accounted for in this rul e-based nodel. This
limtation potentially could have been resolved with a | ayer delineating only

maj or roads, such as Interstate and State H ghways.

Road Density Layer Limtations

The met hodol ogy used in devel oping road density classes is not a substitute
for actually mapping roads. However, the rul e-based nodel approach does
provide a tool for predicting road densities across a |arge | andscape, when
exi sting roads data are inconplete or out of date. Also, the rul e-based node
assures that the nmethodol ogi es used in devel opi ng road densities was

consi stent throughout the |ICRB

FI RE LAYERS

Fire Regi nmes

Hi storical (circa 1900) and Current (circa 1990) Fire Reginme raster naps were
devel oped by Mdrgan and others (1995) for the ICBEMP. Fire Regi me cl asses
were described by fire frequency and fire intensity classes (Mrgan and ot hers
1995). Fire frequency classes (Table 9) were based upon the nean fire

interval (MFl) as interpreted fromfire-scarred trees, and forest and shrub
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age structures. |In shrub and herbaceous vegetation types, fire frequency was
determined fromfire scars in adjacent vegetation or the ecol ogy of the
dom nant plants (Morgan and others 1995). Fire severity classes (Table 10)
reflect the direct effects of the fire on the dom nant vegetation, and is
based on a conparison of burned and unburned vegetation within the first three

years after the fire (Mrgan and others 1995).

Morgan and ot hers (1995) classified and napped fire regi nes by dom nant
vegetation types and bi ophysical settings. The classification was based upon
published literature, a fire history database (Barrett 1995b), and expert
opi ni on. The dom nant vegetation type for the Current Fire Regi me nap was
based on CRBSUM Current CT layer, and for the Historic Fire Regime nap was
based on CRBSUM Hi storic CT layer. The biophysical settings were generalized
fromthe Section Biophysical Setting (Reid and others 1995) base |ayer into
four classes: cool & noist, cool & dry, warm & noist, and warm & wet. For
exanple, in the Historic Fire Regine classification, the Interior Douglas-fir
cover type was assigned a M xed/ Frequent fire regine for the cool & npoist and
warm & noi st bi ophysi cal setting classes, and a Nonl ethal/Frequent fire regine

for the cool & dry and warm & dry bi ophysi cal setting classes.

Two sets of decision rules were created fromthe classification, and used to
map fire regimes for each of the 24 Sections mapped in the Subsection base

| ayer (Nesser and Ford 1996). One set of decision rules were used to map

Hi storical Fire Regimes. A separate set of decision rules were devel oped for
the Current Fire Regines map to reflect the effects of fire suppression

i nvasi ons of the exotics, and other human influences (Mrgan and ot hers 1995).
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For exanple, in the Interior Douglas-fir cover type and cool & noist
bi ophysi cal setting class, the fire regi nes changed from M xed/ Frequent in the
hi storic decision rules to Stand-replacenment/|nfrequent in the current
decision rules. Table 11 shows a conpari son between Current and Hi storic Fire

Regi nes.

The Hi storic Fire Reginmes map and Current Fire Reginme map were used to derive
Changes In Fire Frequency map and Changes In Fire Severity map. The Changes
In Fire Frequency map (Figure 3) was created by summarizing the transitions
fromhistoric fire frequency to current fire frequency. Fire frequency
transitions were created by overlaying the Historic Fire Regines map and the
Current Fire Reginme map, and cl assifying each uni que conbi nation of historic
and current fire frequencies that overl apped spatially. Table 12 shows the

Changes In Fire Frequency classes sumari zed by area.

The Changes In Fire Severity map (Figure 4) was devel oped using the sane
nmet hodol ogy as the Changes In Fire Frequency nmap. The transitions were
sunmari zed by fire severity fromoverlaying the fire regines maps. Table 13

shows the Changes In Fire Severity classes sumarized by area.

Fire Cccurrence

The Fire Cccurrence layer nmaps the location of all fire starts that occurred
bet ween the years of 1986 and 1992 in the ICRB (Hartford and Bradshaw 1996).
This vector layer maps the starting location of fires and is linked to a

dat abase containing the total fire size and source of ignition. The |CBEWP
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used this layer in devel oping the disturbance information for CRBSUM (Long and
ot hers 1996) and conparing recent fire frequency trends by ownershi ps and sub-
wat ersheds. Hartford and Bradshaw (1996) created the |ayer from severa
dat abases nai ntai ned by federal |and managenent agencies throughout the | CRB
The contributing agencies include the USDA Forest Service, Bureau of Land
Managenent, Bureau of Indian Affairs, U S Fish and Wlidlife Service, Nationa
Park Service, California Departnent of Forestry, |daho Departnment of Lands,
Mont ana Departnment of State Lands, Oregon Departnent of Forestry, U ah
Department of Natural Resources, and Washington State Department of Natura

Resour ces.

Fire H story

The Fire History layer delineates the locations of historic fires between the
years 1500 and 1940. Barrett (1995a, 1995b) conpiled this vector |ayer based
on 108 fire history studies that sanpled 979 stands scattered across the | CRB
The sanpl ed stands were sunmmari zed i nto a database of 321 sites that napped
historic fires by discrete latitudinal and |ongitudinal coordinates. One fire
record was recorded into the database for each fire year observed in the study
area’s fire chronology. Each record included the year of the fire, the fire
severity, and the dom nant vegetation type. Fire dates were estimated from
fire scars on trees, and fromthe ages of trees that regenerated after stand
replacenent. The Fire Hi story |ayer was used by Mdrgan and others (1995) in

devel opi ng the Fire Regi me | ayers.
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CHARACTERI ZATI ON FI LE

The characterization file is a series of databases that defines sub-watersheds
by variabl es that represent ecol ogical states and ecol ogi cal processes, and
wer e conpil ed based on sunmari es of several broadscale |layers. The databases
were used by the I CBEMP in groupi ng sub-wat ersheds, based on simlar

ecol ogi cal features, to address specific | and nanagenent questions. The sub-
wat er sheds were delineated by the | CBEMP (G avenm er 1996) at the Sixth Level
of the Hydrologic Unit Code (6th Code HUC), based on the net hodol ogy devel oped
by U S. Geological Survey's Ofice of Water Resources Council (Seaber and
others 1987). Mirre than 10,000 sub-watersheds were mapped in the ICRB, with

an average size of 100 km (Gavenm er 1996).

Broadscal e | ayers that nmapped uni que cl asses (like cover types) were

sunmari zed to the 6th Code HUC by cal cul ating the area and the percent of area
for each class within a sub-watershed. The area was cal cul ated by sunm ng the
total area in knt for each class in a sub-watershed. The percent of the area
was cal cul ated by dividing the area of each class in a sub-watershed by the
total area for that sub-watershed. A unique characterization file database
was created for each of the follow ng broadscal e | ayers that mapped discrete
cl asses: Subsection, Section, Province, Section Biophysical Setting, Regiona
Bi ophysi cal Setting, CRBSUM Hi storic CT, CRBSUM Current CT, and CRBSUM

Hi storic PVT. The Subsection | ayer database was appended to the Subsection
Characterization File, and included | andform surface geol ogy, and bedrock

geol ogy (Nesser and Ford 1996).
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Topographic and clinmate broadscal e | ayers were sunmarized into two
characterization databases by cal cul ating the average, maxi mum m ni nrum and
standard deviation of the values assigned to all pixels within a sub-
wat ershed, for each layer. The topographic characterization database included
el evation and sl ope derived fromthe 500 n? and 90 n?¥ DEM (USGS 1990a),
respectively. The climatic characterization file was calculated fromthe
broadscale climate | ayers devel oped by Thorton and others (1996). The
broadscale climate | ayers were created using a spatial nodel that cal cul ates
daily weather information for a given year, based on weather station data
col l ected throughout the ICRB (Thorton and others 1996). The layers used in
the characterization file were for the normal weather year of 1989, and
i ncl uded: precipitation, mninmmtenperature, maxi mumtenperature, average
daily tenperature and solar radiation. The normal weather represents a year
that depicts the normal weather conditions found in the |CRB. Broadscal e
climate layers for the dry weather year (1988) and wet weather year (1982)
were al so created by Thorton and others (1996), but were not included in the
characterization database. The normal weather year climate |ayers were
sunmari zed into the database by three stratifications: conplete weather year
four seasons (w nter, spring, sumer, fall), and grow ng seasons (June through
Septenber). The total precipitation by the stratification was al so included

into the dat abase

CONCLUSI ON

The layers described in this chapter were developed to neet the objectives of

the | CBEMP (Keane 1996). These objectives included that (1) each layer is
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devel oped using a uniform nethodol ogy, (2) each |layer is mapped across the
entire ICRB, and (3) the layers are available for analysis in Spring 1995. To
neet these objectives, and because these | ayers were devel oped at the

broadscale, a few linmtations apply when interpreting these |ayers.

Limtations

1. The vegetation for the base |ayers was not always mapped at a consi stent
map scale. The nmap scale of the Historic Cover Type base |ayer was
vari abl e, and generally broader than the other base |ayers. Although
attenpt was made to correct the different map scal es in devel opnent of
CRBSUM veget ation | ayers, the inconsistencies mght still account for

sone observed changes between historic and current vegetation |ayers.

2. A 1 kn? pixel is often conposed of several classes for a given |ayer
However, a single class nust characterize the entire pixel. C asses
wer e assigned based on the class occupying the greatest area of the
pi xel , which could range from 10 to 100 percent. For exanple, if
ponder osa pi ne cover type represented 30 percent of a given pixel for a
cover type layer, Douglas-fir cover type 28 percent, shrub cover type 25
percent, and grass cover type 17 percent, then ponderosa pine cover type

woul d be assigned to the pixel because it occupied the greatest area.

3. The 1 kn? pixel size was too large to map effectively and to eval uate
trends in vegetation types that are usually found in small areas. For

i nstance, wetlands and riparian areas were usually not napped in the
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broadscal e vegetation | ayers because they often represent a snall

percent of a 1 kn? pixel. Caicco and others (1995) found that sone
riparian types were underestimated when napped at a nap scal e of

1: 500, 000. Additionally, Leonard and others (1992) found that riparian
comunities were better identified at map scales of 1:2,000 to 1:4, 000.
In the | CBEMP, any analysis to evaluate trends associated with snall
areas (like riparian areas) would be limted, and woul d be dependent on

additional ancillary data found in other |layers and dat abases.

d osi ng

A detailed accuracy analysis of the |ayers described in this chapter has not
been conpl eted, due to the tight tine constraints of the | CBEMP. Based on a
review of these layers by the different users, and conpari sons nade to the

M dscal e Subsanple Data, it appears that the spatial accuracy of these |ayers
varies by geographic area. Al so, since the layers were napped at a

br oadscal e, and because of the limtation described above, these |layers are
best interpreted when sunmari zed over | arge geographical areas |ike

wat er sheds. When summari zed across |arge areas, the trends observed between

| ayers appear realistic when conpared with |ayers mapped at a finer scale.
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Current Fire Reginmes, and sunmmarized by percent change in forest and

non-forest cover types, and by the area in the |ICRB



MOISTURE:

WET MOIST DRY VERY DRY
TEMP: (1) 2) (3) (4)

COLD COLD/WET | COLD/MOIST COLD/DRY COLD/VERY
(1) DRY

COOoL COOL/WET | COOL/MOIST COOL/DRY COOL/VERY
(2 DRY

WARM WARM/WET | WARM/MOIST | WARM/DRY | WARM/NERY
(3 DRY

HOT HOT/WET HOT/MOIST HOT/DRY HOT/VERY
(4) DRY

Figure 1. Temperature/ Moisture Matrix used in the Regional Biophysical Setting Layer.
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Table 1.--Examples of attributes in the combine layer used in developing CRBSUM vegetation layers.

Assigned Draft CRBSUM
Combine Province Regional Biophysical Current Cover Type Potential Vegetation Tyes Current Cover Types Area
Vaue Setting
kme
536 M331 FA3 (Forest-Hot, Dry) SAF237 Interior Ponderosa Pine Interior Ponderosa Pine SAF237 Interior Ponderosa Pine 5364
537 M331 F33 (Forest-Warm, Dry) SAF210 Interior Douglas-fir Dry Douglas-fir with PP* SAF210 Interior Douglas-fir 2567
538 M331 S33 (Shrub-Warm, Dry) SAF210 Interior Douglas-fir Dry Douglas-fir with PP** SAF210 Interior Douglas-fir 837
539 M331 F33 (Forest-Warm, Dry) SAF208 Whitebark Pine Dry Douglas-fir with PP SAF237 Interior Ponderosa pine*** 45

*PP - Ponderosa pine.

**Dry Douglas-fir with PP (Ponderosa Pine) was selected over a shrub potential vegetation type.

*** SAF239 Interior Ponderosa Pine was selected over SAF208 Whitebark Pine.



Table 2.--Examples of attributesin the final combine layer used in developing CRBSUM vegetation layers.

Draft CRBSUM Assigned Final CRBSUM Model Cover Types
Unique Combine PVT* Current CT** Historic PVT Current Historic Current Historic Area
ID Layer cT cT cT
km?

1283 537 DF with PP SAF210 Interior DF SF DF with PP SAF210 Interior DF SAF237 Interior PP*** 2003 2018 367
1284 537 DF with PP SAF210 Interior DF PP DF with PP SAF210 Interior DF SAF237 Interior PP 2003 2018 1150
1285 537 DF with PP SAF210 Interior DF DF DF with PP SAF210 Interior DF SAF210 Interior DF 2003 2003 50
1286 538 DF with PP SAF237 Interior PP PP DF with PP SAF210 Interior DF SAF237 Interior PP 2018 2018 630
1287 538 DF with PP SAF237 Interior PP DF DF with PP SAF210 Interior DF SAF210 Interior DF 2018 2003 207
1288 539 DF with PP SAF237 Interior PP PP DF with PP SAF237 Interior PP SAF237 Interior PP 2018 2018 45

*PVT -Potential Vegetation Group
**CT - Cover Type
*** SAF237 - Interior Ponderosa pine was selected over Subalpine fir

DF - Douglasfir
PP - Ponderosa pine
SF - Subalpine fir



Table 4.--Road Density classes summarized by areain the ICRB.

Value Road Density mile/ mile2 km / km? Area
km?
1 None 0.00 - 0.02 0.00 - 0.0124 168,432
2 Very Low 0.02-0.10 0.0124 - 0.0621 103,653
3 Low 0.10-0.70 0.0621 - 0.4350 109,716
4 Moderate 0.70- 1.70 0.4350 - 1.0560 234,413
5 High 1.70- 4.70 1.0560 - 2.9206 174,386
6 Extremely High 4.70- + 2.9206 - + 30,740




Table 5.--Land Use classes used in creating the Road Density layer, summarized by area in the ICRB. The classes were created by

combining the Management Region layer, Management Area Categories layer, and Roadless layer.

Broadscale Layers

Value Management Regions *MAC **Roadless Area

(km?)
1 FS/BLM - Wilderness MAC 1AND 2 X 37088
2 FS/BLM - Wilderness MAC 3AND 4 X 41
3 FS/BLM - Wilderness MAC5-8 X 20
4 FS/BLM - Wilderness X Roadless 239
5 FS/BLM - Wilderness X Non-Roadless 9893
6 FS/BLM - Non-Wilderness MAC1AND 2 X 34341
7 FS/BLM - Non-Wilderness MAC 3AND 4 X 47206
8 FS/BLM - Non-Wilderness MAC5-8 X 181574
9 FS/BLM - Non-Wilderness X Roadless 1570
10 FS/BLM - Non-Wilderness X Non-Roadless 102513
11 National Park X X 16249
12 Other Public Lands X X 40108
13 Tribal X X 26808
14 Private X X 309573

*MAC - Management Area Categories layer

**Roadless - Roadless Area layer

FS - Forest Service

BLM - Bureau of Land Management
X - Layer not used in this category



Table 6.--Lifeform classes used in creating the Road Density layer, summarized by areain the

ICRB.

Value Lifeform Area
knv?

1 Agriculture 118,363

2 Forest 393,617

3 Range 300,687

4 Rural 1,143

5 Water 7,550




Table 7.-- Elevation groups used in creating the Road Density layer, summarized by areain the

ICRB.
Value Elevation Area
Groups

Feet km?
1 0 - 3,000 136,787
2 3,000 - 5,000 304,282
3 5,000 - 7,000 274,366
4 7,000 - 9,000 85,885
5 9,000 + 20,036




Table 8.--Slope groups used in creating the Road Density layer, summarized by areain the

ICRB.
Value Slope Groups Area
Per cent km?
1 Oto 10 561,724
2 10to 30 242,267
3 30to 50 17,193
4 50 + 158




Table 9.--Fire Frequency classes used for the fire regime classification. The mean fireinterval is

the average number of years between fires recurring at a point within a small area.

Class

Mean Fireinterval (MFI)

Very Frequent
Frequent

Infrequent

Very Infrequent
Extremely Infrequent

Lessthan 25 years
26-75 years

76-150 years

151-300 years

Greater than 300 years




Table 10.--Fire severity classes used for the fire regime classification. Fire severity is determined based upon

the extent of mortality of dominant vegetation.

Fire Severity Description

Nonlethal More than 70% of the basal area or more than 90% of the canopy cover that existed prior to
the burnis alive after the burn.

Mixed Fires of intermediate effects, often consisting of fine-grained spatial patterns resulting from

Stand-replacement

Rarely burns

amosaic of varying severity.

L ess than 20% of the basal area or less than 10% of the canopy cover of the overstory

vegetation remains after thefire.

Fires very seldom occur and are not one of the primary disturbance factors affecting

vegetation structure, composition, and succession.




Tablell.--Comparison of Current and Historic Fire Regimes, summarized by areafor the ICRB.

FIRE REGIMES AREA
Severity Frequency Historical  Current
km?
Nonlethal Very Frequent 180653 11378
Nonlethal Frequent 62202 20116
Nonlethal Infrequent 20938 81861
Mixed Very Frequent 3722 0
Mixed Frequent 45836 39440
Mixed Infrequent 70963 134278
Mixed Very Infrequent 8441 256
Letha Very Frequent 0 103157
Lethal Frequent 183442 43671
Lethal Infrequent 163101 275418
Letha Very Infrequent 27113 61698
Lethal Extremely 41360 35368

Rarely NA 13589 14719




Tablel2.--Changes in Fire Frequency, based on a comparison of Historic and Current Fire

Regimes, and summarized by percent change in forest and non-forest cover types, and by the area

inthe ICRB.

-- Percent -- Total

CHANGESIN FIRE FREQUENCY Forest Non-Forest Hectares

0-25 MFI to 151-300 or 300+ MFI 70 30 221,700
26-75 MFI to 151-300 or 300+ MFI 98 2 1,425,700
0-25 MFI to 76-150 MFI 71 29 14,160,700
26-75 MFI to 76-150 MFI 54 46 15,801,800
76-150 MFI to 151-300 MFI 99 1 2,514,800
0-25 MFI to 26-75 MFI 20 80 3,311,900
151-300 MFI to 26-75 MFI 100 0 7,500
300+ MFI to 26-75 MFI or 76-150 MFI 0 100 685,500
76-150 MFI to 0-25 MFI 0 100 3,872,300
76-150 MFI to 26-75 MFI 16 84 1,758,100
151-300 MFI to 76-150 MFI 100 0 1,424,000
26-75 Mfi to 0-25 MFI 0 100 6,865,300
All Frequency Classesto Rarely Burns 34 66 113,00
No Change 43 57 29,973,700




Table 13.--Changesin Fire Severity based on a comparison of Historic and Current Fire Regimes,

and summarized by percent change in forest and non-forest cover types, and by the areain the

ICRB.
-- Percent -- Total

CHANGESIN FIRE SEVERITY Forest Non-Forest Hectares

Non Lethal to Lethal 38 62 10,002,200
Mixed to Lethal 92 8 6,964,900
Non Lethal to Mixed 71 29 7,723,100
Letha to Non Lethal 46 54 2,107,700
Lethal to Mixed 64 36 4,364,800
Mixed to Non Lethal 42 58 616,900
Severity (All) to Rarely Burns 34 66 113,000

No Change 36 64 50,243,400




