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 Abstract 
 Wilderness areas in Washington State have historically been excluded from soil resource 
inventories due to the huge investment of time and resources required to map them. Yet, they are 
ideal places to study soil formation and distribution under natural conditions. Computer-based 
models are an efficient way to predict occurrence of soils. Models lessen the need for intensive 
field transecting and offer a cost-efficient alternative to traditional cartographic techniques. We 
have used ArcGIS to develop the Remote Area Soil Proxy (RASP) modeling technique to predict 
natural occurrence of soils in wilderness areas. Soil pedon data are collected from dominant 
landscape facets that are accessible by or near trails. Soil formation is modeled using surrogates 
for the soil forming factors. Sources of spatial data include elevation models, vegetation 
coverage derived from remote sensing, climate from models, and parent material from geology 
maps, air photo interpretation, and field samples. 
 
 Introduction 
 Mapping soils in wilderness areas, or anywhere else, is an exercise in landscape 
segmentation. Soils are strongly related to the environment in which they form.  Jenny (1941) 
depicted his theory of soil genesis as a set of predictive variables that if quantified, could predict 
the properties and distribution of distinct soils. The mathematical representation of Jenny's model 
is S = f(cl, o, r, p, t, …) where:  
 S = an individual soil produced as a function (f) of: 
  cl = climate that has influenced soil development 
  o = organisms living within or upon the soil 
  r = relief or topography upon which the soil has developed 
  p = parent material of which the soil has formed 
  t = time over which the factors have acted upon the soil 
  … represents other unknown factors that may be added. 
 Since wilderness areas are vast, usually with rugged topography, and must be accessed on 
foot, we need models such as Jenny’s to approximate what soils may be found at any given 
location.  Soils may be observed only at locations that are accessible by trails. Fortunately, trails 
cross many landscape facets and soils can be observed where needed to establish critical 
thresholds of influence of soil forming factors. It is by observation of soils in the field that we 
develop soil-landscape associations and look for ways to model them over extensive areas. The 
objective for this paper is to demonstrate the Remote Area Soil Proxy (RASP) modeling process 
using GIS data layers to approximate the soil forming factors. The model is to predict the 
occurrence of representative soils in a wilderness area. The level of abstraction is about fourth 
order, appropriate to map at 1:60,000 - 100,000 scale. A fourth order soil survey is an extensive 
survey intended to represent soil map unit composition and land management potential at a broad 
scale (Buol et al., 1997; Soil Survey Staff, 1996). At these broad scales the map units represent 
complexes of soils that are closely related on the landscape.  
 
Soil Survey and the Use of Soil Taxonomy 
 In accordance with the design of a fourth-order soil survey, Soil Taxonomy is used here 
to classify soils at the Subgroup level. Soil taxa are determined for a given soil after careful 
consideration of the chemical and physical properties of the soil in question. The Keys to Soil 



Taxonomy (Soil Survey Staff, 2003) guide the user through a step-wise classification of the soil 
under consideration. In the hierarchal system of Soil Taxonomy, a classification at the Subgroup 
level is the fourth category, after Order, Suborder, and Great Group. Taxa within each 
categorical level represent a narrower grouping of soils that share specific properties. 
 At the Subgroup level, many soils are differentiated according to soil-profile moisture 
and temperature regime, in essence, the "soil's climate" (Soil Survey Staff, 2003). For example, 
if a soil formed in volcanic ash retains sufficient unweathered ash (as defined in the Keys to Soil 
Taxonomy) to classify as an Andisol at the Order level, and if it exists in a frigid temperature and 
xeric moisture regime, it would classify as a Xerand at the Suborder level, where the Xer- prefix 
indicates a xeric moisture regime and the -and suffix represents the Andisol soil Order. At the 
Great Group level, it may classify as a Vitrixerand, where the prefix Vitri- is added to the 
Suborder classification to indicate the parent material is rich in unweathered volcanic ash 
material. The final classification at the Subgroup level may be a Typic Vitrixerand. The phrase 
Typic indicates that the soil under consideration is an average representation of soils in the 
Vitrixerand Great Group. 
 
 Study Area 
 We chose to use the Sawtooth Wilderness Area in north-central Washington State (Fig. 1) 
to demonstrate the RASP modeling process. The Sawtooth Wilderness is 38,890 ha, has 
elevation from 831 - 2693 m, average slope of 53%, and annual precipitation from 500 - 2300 
mm. Its west boundary lies on the crest of the North Cascade Range. Parent materials include 
volcanic ash, glacial till, colluvium from decomposing rocks, and alluvium in stream valleys. 
Vegetation consists of coniferous tree and meadow-shrub communities. There are substantial 
areas of bare rock outcrops and a few small lakes. Among the soil orders present are Spodosols 
(Soil Survey Staff, 2003) on stable landscape positions at high elevation, Andisols occur on 
warmer, dryer, stable positions, and Inceptisols occur where slope instability and erosion 
prevents soil formation. 
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Figure. 1. Location map showing the Sawtooth Wilderness Area in Washington State (after 
Rodgers, 2000). 



 
 Model Development 
Rationale 
 Soil-landscape associations can be modeled with a geographic information system (GIS) 
using accessory information traditionally used in soil surveys and now available in digital form. 
These include vegetative patterns, geomorphology, digital elevation models (DEM), and DEM 
derived attributes such as slope gradient and wetness index.  This study is based on a 30 m DEM 
and can be adapted to take advantage of higher resolution DEM’s and other digital data if 
available.  Adaptability of the RASP model is a key point that is difficult to overemphasize.  
Each iteration of the model produces a map that represents the current level of knowledge.  As 
further field work is done, the model can be adjusted to mirror changes in the local conditions 
that affect soil-landscape relationships.  
 To create a soil distribution map using the RASP model, it is necessary to understand the 
pedogenic processes and the soil-forming factors that control them.  From field investigations, 
we know that there are four soil-forming conditions in this wilderness that the model must 
predict. First there is podzolization, the process by which soils are depleted of bases and become 
acidic, a leaching process that occurs where there is excess precipitation beyond what the plants 
use. There must also be a source of organic acids, usually coniferous trees. Podzolization 
produces soils of the Order Spodosols. Second is andisolization, the rapid weathering of volcanic 
glass with formation of allophane, ferrihydrite, and imogolite. This is a non-leaching process, 
requiring volcanic material on stable landscape positions, not subject to erosion or mass wasting. 
Andisolization produces soils of the Order Andisols. The third condition for the RASP model is 
to find where erosion and unstable slopes prevent either of the first two conditions from 
occurring. These erosive forces produce soils of the Order Inceptisols. Fourth is the condition 
that concentrates water on various parts of the landscape such that soils formed there are subject 
to continual wetness. These soils tend to accumulate organic matter, eventually becoming 
Histosols. In the Sawtooth Wilderness these soils have Histic Subgroups and aquic Suborders. 
 We found landscape stability, parent material, and vegetation to be important factors of 
soil formation in the Sawtooth Wilderness. Analysis of soil occurrence with various 
combinations of soil-forming factors allowed us to document the geographic distribution of each 
soil type.  We selected digital data layers to serve as proxy indicators for the soil-forming factors 
and we used critical thresholds and combinations of these proxies to assign map unit complexes 
to a final soil map.  A landform map was used to provide knowledge of parent material and 
landform stability; a vegetation layer created from remotely sensed data was used to proxy for 
vegetation and climate.  Primary and secondary terrain attributes calculated from a DEM were 
incorporated into the model to represent slope, aspect and soil wetness. 
 We found slope gradient to be the most important topographic attribute for predicting 
general soil patterns in the field. As field work progressed along available trails, it became 
evident that hillslope segments such as ridge tops, shoulders, backslopes, footslopes, and valley 
bottoms were important. These could be derived from the DEM. General patterns of soil 
distribution became more obvious as vegetation (and thereby climate) and preservation of 
volcanic ash (parent material) at the surface were superimposed on each hillslope segment. In 
general, landscape surfaces with lower slope gradients consistently maintained a sufficient ash 
mantle to warrant classification as Andisols or andic Inceptisols. Climatic differences, as denoted 
by forest canopy species, were then used to refine the classifications according to the Keys to 
Soil Taxonomy (Soil Survey Staff, 2003). Map units were constructed on the premise that in a 
fourth-order inventory a soil polygon is rarely pure and is most appropriately considered a 



complex. Consequently, map units name two to several Subgroups as well as non-soil 
components to encompass the complex patterns of soils that can occur within the map units. 
 
Landscape Segmentation Steps  
 RASP modeling procedures are hierarchical by design. We depend on being able to 
subset parts of the landscape according to factors that are important to the formation of soils. 
Most obvious in wilderness areas are broad land cover types, topography and its expression of 
hydrological features, and geologic parent materials. Less obvious are micro-climates that are 
communicated by vegetation and landscape position. 
 RASP model development for any given wilderness is necessarily hinged to data 
availability and reliability. Data for the Sawtooth Wilderness of Washington are listed in Table 1 
along with their importance to the model. Note that climate is approximated, in part, from a 
potential natural vegetation map. Current vegetation is mapped from a satellite image. Surficial 
geology is represented by a Land Type Association (LTA) map provided by the US Forest 
Service. In this case most of the geologic parent material is recent in age, glacial debris covered 
with varying amounts of volcanic ash. We used field work to verify the accuracy of available 
raster data and vegetation plots had been used to create the PNV map.   
 
Table 1. Simplified metadata dictionary 
______________________________________________________________________________ 
Data layer     Importance to model 
______________________________________________________________________________ 
DEMa       Elevation grid 
PNVa (Potential Natural Vegetation)  Computer-based model of 
      potential climax vegetation 
      (climate proxy) 
Current vegetationa    Classification of current vegetation 
Lakesa       Polygon lake layer 
Streamsa      Layer of major streams 
Trailsa      Layer of mapped trails 
Lithologya      Bedrock geology polygons 
LTAa      Land Type Association (geomorphological units) 
Precipitationa     Precipitation polygons (inches) 
Temperaturea      Temperature polygons (°F) 
Wilderness boundariesa    Geographic extent of study areas 
7.5' orthophotoquadranglesa    30 m black and white orthophotoquads 
 
 
 
 
 
 
 
 



Table 1 cont. 
 
Derived data___________________________________________________________________ 
Slopeb       Slope Gradient 
Aspectb      Slope azimuth 
Profile curvatureb     Slope profile curvature 
Hillshadeb      Shaded relief image 
Flow directionc     Water flow direction out of each cell 
Flow accumulationc     Measure of water volume entering each cell, used to 
      calculate specific catchment area 
      (area contributing water flow into each cell) 
Wetness indexc     Soil moisture index, calculated from specific  
      catchment area and slope angle 
______________________________________________________________________________ 
a Data layers supplied by USFS 
b Primary terrain attributes derived from 30 m DEM 
(after Rodgers, 2000).  
 
Vegetation and Climate 
 The current vegetation data layer was utilized in the first step of the modeling procedure 
to delineate three broad categories of vegetative cover: rock outcrop/rubble land, meadow/shrub, 
and forested. Lakes were added to the cover layer using con statements. The output of this step is 
a map showing these four landscape segments (Fig.2). 
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Figure. 2. Broad cover type map. 
 
 This initial landscape division allowed areas of identical topographic characteristics to be 
differentiated by vegetative type or rock cover. The lack of forest cover at a particular location  
may indicate unstable talus material and steep rock outcrops, or open alpine meadows subject to 
avalanche during the winter months. Soils developed on such sites are found to be vastly 
different from their forested counterparts. 
 Soil Taxonomy at the Subgroup level is determined in large part by the climatic 
conditions, namely the soil temperature and moisture regime, in which a pedon exists (Soil 
Survey Staff, 2003). Accordingly, the second division of the landscape is a climatic distinction 
based on the USFS Potential Natural Vegetation (PNV) mapping model. The PNV model 
delineates the potential climax vegetation associations for a given region based on climatic 
indicators extracted from topographic and historical data (Henderson, 2001). In the construction 



of the current soil distribution model, the 30 m PNV raster was used as a proxy to temperature 
and moisture regimes of the study area. Two temperature regimes were found, frigid (warm 
summers), and cryic (cool summers), both with cold winters. Two moisture regimes were found, 
xeric (dry summers), and udic (moist summers)(Table 2). The PNV layer was combined with the 
cover layer created in step one to form a new layer that included temperature and moisture with 
cover. A series of con statements were used, one for each potential combination of the two 
rasters. The climate designators were not applied to water and rock outcrop classes, since they do 
not contain soil. The resulting map has eight units, water, rock outcrop-rubble land, and both 
vegetative cover types, each with three climatic conditions (Fig. 3). An example cell value is 
frigid, xeric forested land. 
 
Table 2. Potential climax vegetation delineations and associated climatic regimes. Vegetation 
and climate associations are based on field observations and mapping guidelines of the 
Okanogan National Forest (G. Quintal, 1998, personal communication)(after Rodgers, 2000). 
______________________________________________________________________________ 
Tree species     Temperature regime    Moisture regime 
______________________________________________________________________________ 
Pseudotsuga menziesii   frigid      xeric 
Abies lasiocarpa    cryic      xeric 
Abies amabilis    cryic      udic 
______________________________________________________________________________ 
 
Saturated Soil 
 The raster generated by the climate regime determination was combined with a new 
raster, the compound topographic index (also called wetness index), with some critical thresholds 
set to isolate soils affected by wetness. Landscape segments not affected by wetness remained 
unchanged on the resulting map while segments exceeding the wetness criteria were given soil 
names determined appropriate by field observation. 
 The wetness index (Moore et al., 1991; Moore et al., 1993; Gessler et al., 1995) is used to 
characterize the hydrological nature of each grid cell. In order to calculate the wetness index, two 
additional topographic attributes were created using the GRID commands (Hydrology toolbar of 
ArcGIS 9.0), FLOWDIRECTION and FLOWACCUMULATION. The raster created by running 
FLOWDIRECTION shows the steepest downslope direction of water flow out of each cell, while 
FLOWACCUMULATION calculates a raster of the number of cells contributing flow into each 
cell (ESRI Staff, 1994). To calculate FLOWACCUMULATION, GRID requires 
FLOWDIRECTION as an input raster. The wetness index is calculated by the mathematical 
expression: 
 wi = ln (As/tanβ) where wi = wetness index 
    As = specific catchment area 
    β = slope angle in degrees 
 
and is written in the GRID environment with the map algebra expression: 
 
 wetness index output = ln((FLOWACCUMULATION * 30) / (tan(slope div deg))) 
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Figure 3. Map of climatic regime with broad cover classes. 
 
The FLOWACCUMULATION raster is multiplied by the cell width (30 m) to calculate the 
specific catchment area in the wetness index equation. In turn, the wetness index quantifies the 
effect of slope shape and flow accumulation of water as potential overland flow and/or through-
flow upon each cell within the grid. The output is a raster of wetness values (Fig. 4) where the 
lowest values (0.08-2.0) represent the driest soils and the highest values (10.0-21.92) represent 
the wettest soils. In this case, high values were assigned dark tones to create an intuitive map. As 
would be expected, the highest values are located in concave, water gathering areas of low relief 
and/or slope gradient, while the lowest values are located in water dispersing areas of high relief 



and/or high slope gradient.  
 The wetness index provides a source of valuable information regarding soils that are of 
concern to resource managers of any watershed system. Saturated soils pose significant 
management complications and are often difficult to discern without intensive ground-truth 
efforts. A weighting scheme was employed in the evaluation of the wetness index to elucidate 
those soils with the highest wetness values. Wetness index values were compared to field 
observations to estimate a minimum wetness index value (threshold) that would consistently be 
associated with seasonally saturated soil conditions on the landscape. A threshold wetness index 
value >= 10 separated soils prone to seasonal saturation from those that are not, creating two soil 
map complexes. These are Typic and Histic Vitraquands and Typic and Histic Cryaquands. All 
are aquic Andisols, some have cryic temperatures, those that are most consistently wet have 
organic surfaces (Histic). All other landscape units delineated to this point remained unchanged. 
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Figure. 4. Spatial representation of wetness index for the Sawtooth Wilderness. Blue tones 
represent wetter soils and red tones represent drier soils. Intermediate tones represent 
intermediate soil moisture levels. 



 
Slope Curvature 
 Slope curvature was utilized as the next topographic attribute of importance in the 
modeling procedure. With the CURVATURE command in GRID (Surface/Spatial Analyst Tools 
of ArcGIS 9.0), three new raster data layers were generated from the original DEM (Table 1) 
representing profile, plan, and tangential curvature of all slope segments (Moore et al., 1991; 
ESRI Staff, 1994). The most definitive of the three for this landscape proved to be the raster 
layer of profile curvature. Cell values represent the degree of concavity or convexity, in profile 
view, of each raster cell and range from -9.7 (convex) to 7.4 (concave). Concave cells tend to 
accumulate (decelerate) material removed from upslope positions, while convex cells tend to 
generate (accelerate) material available for downslope movement. Values falling between the 
two extremes are characterized as parallel slopes and may experience both removal and 
deposition of soil material. The proxy associated with these general assumptions is that areas of 
concave profile curvature support deeper soil profiles with more fine earth material (soil particles 
less than 2 mm in diameter), convex areas support shallower profiles with less fine earth 
material, and parallel slopes result in areas of variable soil depth. 
 As with the wetness index, a qualitative weighting scheme was employed in the use of 
the profile curvature data to extract those cells that are convex. In order to discern flat ridge tops 
from flat valley bottoms, those landscape segments with a convex profile curvature and low 
slope angle (< 15 %) were identified as areas on ridge tops of shallow soils or bare rock outcrop. 
Soils in areas such as this are represented by shallow, skeletal profiles subject to erosional losses 
and minimal vegetative cover. Many of these same areas were delineated as rock outcrop-
rubbleland with the current vegetation data layer in step one of the model. The incorporation of 
profile curvature allows a more complete representation of the shallow, rocky soils that may 
have been overlooked in the USFS classification of current vegetation. 
 Two map complexes of soils are added to the map by this procedure. All are Inceptisols, 
a result of an erosive environment. They have both Lithic and Andic subgroups, indicating 
shallow soils, some with volcanic ash remaining. Some have visible glass (vitric), and all are 
infertile (dystric). These are the soils of convex ridgelines. 
 
Slope Gradient 
 The remaining landscape segments are those that do not have excess wetness or convex 
curvature. They are profile curvature cells with values >= -0.2 and wetness index < 10. They 
occupy large portions of the wilderness area covered with forest and meadow-shrub. These 
segments were evaluated further by slope gradient values. Keeping in mind that slopes derived 
from DEM data are continuous values, they needed to be grouped into meaningful classes that 
could be associated with soil types. Slope gradient classes (0-35 %, 0-15%, 15-35%, 35-65 %, 
65-90 %, and > 90 %) were determined to be influential on formation of various soils(Fig.6). 
Valley bottoms generally have low slope gradients (0-15 %) that transition into footslopes of 
slightly steeper (15-35 %) slope segments. Backslopes are generally steep to very steep (35-90 % 
slope) and typically lie below very steep to vertical (> 90 %) shoulder and ridge top positions. 
Steep slope segments are poor environments for the preservation of volcanic ash parent material 
and tend to produce shallow Inceptisols. Shallow valley segments on the other hand, readily 
preserve volcanic ash, resulting in Andisols, and other ash influenced soils. The soils predicted 
with the use of the slope grid cover a wide range of taxa, including soils in the Inceptisol, 
Andisol, and Spodosol soil orders. Based on field observation of key slope ranges in which these 
kinds of soil occurred and soil survey conventions for slope breaks, ranges of slope gradients 



were assigned to the remaining raster cells. 
 As part of the conditional statements written to create map units based on slope gradient, 
elevation was added as a vital variable for two map units. To effectively delineate Spodosols, a 
correction was needed for one of the climatic delineations (cryic, xeric) made from the PNV data 
layer. Cryic-udic climates were common in many of the higher elevation, gently sloping valley 
bottoms. Plant communities containing Abies amabilis and/or Abies lasiocarpa (often when 
associated with Rhododendron albiflorum) occur under these geomorphic settings and climatic 
conditions. The soils commonly found in association with these plant communities are Andic 
Haplocryods and Typic Vitricryands. The occurrence of these kinds of Spodosols is closely 
linked to high elevation and cold air drainage effects. These conditions may favor certain plant 
associations and deeper snow packs that enhance Spodosol formation. In order to obtain a better 
representation of Spodosols, an elevation threshold of 1520 m was established consistent with 
field observations. The result of segmentation by slope class was 19 additional soil units 
representing impact of slope on pedogenic processes.   
 Model Result 
 Twenty-five soil map unit complexes were extracted from the raster data of the Sawtooth 
Wilderness Area (Table 3). Soil names were assigned to these units based on field inspection at 
representative sample points. Table 3 is constructed to review the results by climate/vegetation 
cover types, thus some of the soil map units are listed more than once. Soils dominated by 
wetness (Typic Vitraquands-Histic Vitraquands) occur in each of the cover types. Skeletal soils 
(Lithic Dystroxerepts-Andic Dystroxerepts-Lithic Vitrixerands) form on convex positions in 
each of the cover types. They only differ by moisture or temperature group. Humic subgroups 
tend to develop on soils in the meadow-shrub cover types from 0 to 65% slopes. Lithic 
subgroups show up under forest vegetation when slopes exceed 65%. Typic and Andic 
subgroups are also present. When slopes exceed 90%, Andic subgroups and properties disappear. 
Spodosols form under udic forest vegetation at elevations above 1520 m in areas of low slope, 
where snow tends to accumulate. Thus, the four conditions proposed during model development 
are met. Figures 5 and 6 represent the distribution of these map units on forested and 
meadow/shrub landscapes respectively. 
 
Table 3. Cover types, map units and their respective areas for the Sawtooth Wilderness. 
______________________________________________________________________________ 
                Map Unit 
Map unit name     Factor      Total Hectares %Total 
______________________________________________________________________________ 
Water                71  < 1 
Rock Outcrop-Rubbleland       14955   38 
 
Frigid, Xeric Forested Land 
   Typic and Histic Vitraquands   WI >= 10        38  < 1 
   Lithic and Andic Dystroxerepts 
 Lithic Vitrixerands    Convex      549     1 
   Typic Vitrixerands-Andic Dystroxerepts  0 - 35%      205     1 
   Andic Dystroxerepts-Typic Vitrixerands  35-65%      901     2 
   Typic, Lithic, and Andic Dystroxerepts  > 65%       662     2 
 



Table 3, cont. 
Cryic, Xeric Forested Land 
   Typic and Histic Cryaquands   WI >= 10   1001     3 
   Lithic and Andic Dystrocryepts 
 Lithic Vitricryands    Convex   3060     8 
   Xeric and Typic Vitricryands   0 - 15%       56  < 1 
   Xeric Vitricryands-Andic Dystrocryepts  15-35%   2952     8 
   Andic Dystrocryepts-Xeric Vitricryands  35-65%   6437   17 
   Typic and Andic Dystrocryepts   65-90%   1750     4 
   Lithic and Typic Dystrocryepts    > 90%        298     1 
 
Cryic, Udic Forested Land 
   Typic and Histic Cryaquands   WI >= 10   1001     3 
   Lithic and Andic Dystrocryepts 
 Lithic Vitricryands    Convex   3060     8 
   Andic Haplocryods-Typic Vitricryands  0 - 35%   1638     4 
   Typic Vitricryands-Andic Dystrocryepts  35-65%   1899     5 
   Andic and Typic Dystrocryepts   65-90%     714     2 
   Lithic and Typic Dystrocryepts    > 90%        298     1 
 
Frigid,  Xeric Meadow-Shrub Land 
   Typic and Histic Vitraquands   WI >= 10       38  < 1 
   Lithic and Andic Dystroxerepts 
 Lithic Vitrixerands    Convex     549     1 
   Humic Vitrixerands-Humic and Andic 
 Dystroxerepts     0 - 35%       15  < 1 
   Humic and Andic Dystroxerepts   35-65%     162  < 1 
   Typic, Lithic, and Andic Dystroxerepts  > 65%      662     2  
 
Cryic, Xeric Meadow-Shrub Land  
   Typic and Histic Cryaquands   WI >= 10   1001     3    
   Lithic and Andic Dystrocryepts 
 Lithic Vitricryands    Convex   3060     8 
   Humic Xeric Vitricryands-Humic and  
 Andic Dystrocryepts    0 - 35%     247     1 
   Humic and Andic Dystrocryepts   35-65%     162  < 1 
   Typic, Lithic, and Andic Dystrocryepts  > 65%      249     1 
 
Cryic, Udic Meadow-Shrub Land 
   Typic and Histic Cryaquands   WI >= 10   1001     3    
   Lithic and Andic Dystrocryepts 
 Lithic Vitricryands    Convex   3060     8 
   Humic Vitricryands-Humic and Andic 
 Dystrocryepts     0 - 35%     244     1 
   Humic and Andic Dystrocryepts   35-65%     162  < 1 
   Typic, Lithic, and Andic Dystrocryepts  > 65%      249     1 
______________________________________________________________________________      
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Figure 5. Model results on forested lands. The figure in the upper left shows the modeled map 
units which occur on forested lands overlayed on a grayscale image of the Sawtooth Wilderness. 
The arrows represent the observer’s viewpoint for the 3-dimensional scene. Each detailed image 
represents a temperature/moisture regime. For the detailed images the soil units and grayscale 
image were draped over a DEM. 
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Figure 6. Model results on meadow/shrub lands. The figure in the upper left shows the modeled 
map units which occur on meadow/shrub lands overlayed on a grayscale image of the Sawtooth 
Wilderness. The arrows represent the observer’s viewpoint for the 3-dimensional scene. Each 
detailed image represents a temperature/moisture regime (Table 3). For the detailed images the 
soil units and grayscale image were draped over a DEM. 
 
 



 To summarize how the RASP model operates, we can examine the constructs behind the 
map unit complex of Typic Vitricryands and Andic Dystrocryepts.  At locations where Typic 
Vitricryands and Andic Dystrocryepts are mapped, the RASP model has extracted a combination 
of the digital proxies that satisfy the following criteria: the landform is a valley wall with slopes 
of 35-65%, the profile curvature is > -0.2, wetness index is < 10, the soil moisture regime is udic, 
the soil temperature regime is cryic, and the overstory is coniferous. Each cell in the output raster 
meeting the above criteria is then assigned a map unit number corresponding to the Typic 
Vitricryands and Andic Dystrocryepts complex.  The rationale for the various combinations of 
proxies that result in a final output raster of soil distribution is based on field observations of the 
soil-forming factors and the resultant soils. 
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